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PHYTOPLANKTON INVESTIGATIONS ON LAKE
VELENCE

(ALGAL COUNTS AND BIOMASS)

By

Zs. B art h a

RESEARCH C EN TR E OF INSTITUTES FO R W A TER RESOURCES D EVELOPM ENT 
IN ST IT U T E  FOR W A TER PO LLU TIO N  CONTROL

(R eceived N o vem ber 1, 1976)

On th e  b asis o f investiga tions o f th e  n u m b er o f algaf in d iv id u a ls  and of biom ass, 
carried  ou t a t  13 p o in ts  of L ake Velence in  1973 — 1974, th ree  algologically d ifferen t 
areas and, w ith in  th em , tran s itio n a l, o r in  som e respec ts in d iv id u a l, w ater ty p es can  
be distinguished in  th e  Lake. The d en sity  o f th e  p lan k to n  algae is ex trem ely  h igh in th e  
N E  sam ple s ites; th is  is th e  region of p lan k to n ic  eu tro p h ica tio n . In  th e  SW  areas of 
th e  Lake th e  a lga l d en sity  is low; as a re su lt o f th e  b en th ic  e u tro p h ica tio n , i t  is n o t 
in  th e  p h y to p la n k to n  th a t  th e  n u trie n ts  are  in co rp o ra ted . T he tro p h ic a tio n  of th e  large  
open w aters in  th e  m iddle  of th e  L ake is sm all; h ere  th e  n u m b er o f th e  p h y to p lan k to n ic  
indiv iduals is b e tw een  those  of the  fo rm er tw o a reas, b u t  th ere  is no a q u a tic  v eg eta tio n  
on the b o ttom . T he differences in the  va lues o f th e  degree of a lgal p ro liferation , m easured  
by  m eans of th e  b iom ass, are no t so ex trem e  as those  in th e  n u m b er o f ind iv iduals. 
The ra tio  of th e  large-bod ied  species (P erid in iopsis borgei Lem m . a n d  Botryococcus braunii 
K ü tz) influences th e  biom ass va lues; th e  species w ith  a vo lum e sm aller th an  100 (i3 
are significant on ly  a t  a density  o f several m illion  ind iv iduals as fa r as th e  changes in  
value are concerned .

I t  has b een  p o in ted  ou t th a t  in th e  algologically  d iffe ren tia ted  areas of th e  
Lake, the species com position  of th e  p h y to p la n k to n  is also d ifferen t.

L ake Velence lies a t  47°13’ of th e  N o rth e rn  la ti tu d e  an d  a t  18°35’ of 
th e  E aste rn  lo n g itu d e  in  H u n g a ry  (LÁszlÓf f y  1962). I ts  le n g th  is 10.54 km ; 
av erag e  d iam eter 2.5 km ; the  area  o f th e  L ak e  is 25.28 k m 2 a t  w a te r level of 
160 cm ; th e  area o f  th e  w a te r-su rface  is 10.30 k m 2, th a t  of th e  reeds is 14.98 k m 2. 
T he volum e of th e  L ak e  is 41.16 m ill.m 3, its  m ed ium  d ep th  is 1.62 cm (B a r a n y i  
1972).

T he general ch a rac te ris tic  o f th e  L ake are  as follows:
—  a n a tro n  lak e  rich  in solved sa lts ;
—  a p lan t life v e ry  in tensive  in  th e  w hole lake; n a tu ra lly  eu troph ic  to  

a larger e x te n t, a rtifica lly  to  a  sm alle r e x te n t;
—  th e  w a te r  co n ta in s  a g rea t q u a n ti ty  o f  solved o rgan ic  substances o f 

n a tu ra l o rig in  (hum ic substances);
— the  lak e  is a m osaic of several se p a ra te  areas o f w a te r  w ith  d iffe ren t 

physical, chem ical and  biological p a ra m e te rs , hence areas of d ifferen t 
w ater q u a litie s .

The n a tro n  c h a ra c te r  of th e  lake  an d  th e  deve lopm en t of the  d ifferen t 
w a te r  qualities o f th e  various areas a re  a consequence o f hydrological and  
biological causes. T he t r ib u ta ry  s tream  ca rry in g  th e  g rea te s t q u a n tity  of w a te r ,
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2 BARTHA, ZS.

n am ed  C sászár-viz; a rriv es  in  th e  reed s covering th e  SW  p a r t  of th e  lak e , and  
its  w a te r excess ru n s  dow n th e  a rtif ic ia l overfall-w eir b u ilt  a t  a d is tan ce  h a rd ly  
1 k m  from  it, n am ed  K a jto r-can a l.

The w a te r o f th e  brooks on th e  N E , how ever, n ev e r reaches th e  canal, 
because  it ev ap o ra tes . As a re su lt, th e  lake has no o u tle t, one of its  c h a ra c te r ­
istics and  an  ex p la n a tio n  of th e  accu m u la tio n  of sa lt.

The m osaic s tru c tu re  of th e  lak e  is a resrd t o f th e  reeds and  reed-w alls 
su b d iv id ing  th e  w a te r  surface in to  sev era l p a rts  w here th e  w ate rs of th e  g rea te r 
o r sm aller clearings do n o t m ix w ith  each  o ther. The d iffe ren t w ate r qualities  
o f these  areas m an ifest them selves in  ad d itio n  to  th e  d iffe ren t chem ical com ­
positions also in th e  re m a rk a b ly  d iffe ren t colours o f th e  w a te r. T he w a te r  of 
th e  clearings, w hich a re  su rro u n d ed  b y  reeds, had  se ttle d  in  a c rysta l-c lean  
s ta te  since th e re  is no considerable w a te r  m ovem ent in  th e  lake; its  colour 
h as  becom e sta in ed  b row n  by  th e  decom posing, ro tt in g  organic substances 
p ro d u ced  during  cen tu rie s  in  th e  reeds. T he w aters of th ese  clearings a re  th e  
so-called dark -b row n w aters. The g re a t contiguous open w a te r  is less b row n, 
a lw ays n o n -tra n sp a re n t, m uddy , of g rey  colour, while in  areas w here th e  local 
co n tam in a tio n  acce lera tes th e  p ro life ra tio n  of th e  algae, th e  w a te r is p ik e-g ray  
or i t  can  be also g reenish .

T he aim  of m y  p a p e r  is to  se p a ra te  on the  basis of ex am in a tio n s of th e  
n u m b e r of algal in d iv id u a ls  and  th e  b iom ass, th e  algologically  d istingu ishab le  
a rea s  of th is  m osaic-like lake, and  to  d e te rm in e  th e  te m p o ra ry  s tan d in g  crop 
o f  th e  algae a t th e  sam p lin g  sites.

As regards th e  q u a n t ita t iv e  co n d it io n s  o f  the p h y to p la n k to n  o f  th e  lake,  
th ere  has been p u b lish ed  only one paper  ( U nger  1924), in  w hich  the  author  
g a v e  th e  q u a n t ita t iv e  data  o f  a few  species ,  u nfortu n ate ly  w ith ou t  an ex a c t  
d esign ation  of  the  loca l i ty .

The m eth od s o f  sam ple co llec tin g  and processing

The research  w orkers o f  our In s t i tu te  h a v e  been  carry ing  o u t ph y sio g rap h ical, bo tan ical 
a n d  chem ical in v estig a tio n s in  th e  lake since 1969 (th e ir  d a ta  are in th e  fo rm  of MSS, accessible 
in  o u r In s titu te ) .

On the  basis of th e ir  o bservations, we m a rk e d  13 sites for p la n k to n  ex am in atio n s . These 
a re  in  th e  order of en u m e ra tio n  given in  F ig . 2, as follows:

No. 1. L án g i-tisz tás
2. Vendel
3. N ag y tó -R ig y a
4. Gallér
5. H osszú -tisz tás
6. N ag y -tisz tás
7. B első-tisz tás
8. B első-tisz tás
9. Felső-tó

10. T ized es-tan y a
11. Ö reg-tisztás
12. K árászos
13. F ü rde tő
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PHYTOPLANKTON INVESTIGATIONS ON LAKE VELENCE 3

The sam plings w ere m ade on Ju ly  31, 1973, and  on A ugust 14, 1974.
F or the  q u a n tita tiv e  ex am in atio n s , we took  250 ml of w a ter a t  each  of th e  sam pling  

sites from  under th e  surface  (a t  a d e p th  of 30 cm). The collected m ate ria l was fixed  w ith  lugol 
so lu tio n  a t  the  site (U t e r m ö h l  1958), th e n  it  was tre a te d  w ith  fo rm alin  and  k e p t in a d a rk  
p lace  u n til  processing.

C ounting was carried  o u t from  th e  a liq u o t p o rtions o f th e  sam plings b y  m eans of th e  
U t e r m ö h l  reversed  m icroscope. T he algae were coun ted  along tw o d iagonals perpend icu lar 
to  each  o ther, according to  th e  m eth o d  applied  in hydrobiology, th a t  is, co un ting  alw ays th e  
n u m b er of algal in d iv id u a ls : th e  colonies th e  filam en ts  and  cenobies belonging to g eth e r tak e n  
as one individual. T he re su lt was reca lcu la ted  for one lite r (i. l i te r -1 =  ind iv iduals per lite r).

In  th e  know ledge of th e  den sity  of ind iv iduals per species, th e  b iom ass calcu la tions were 
m ade. In  th e  case o f species whose b o d y  is sim ilar to  geom etrical bodies, len g th , d iam eter and 
th ickness were m easu red  depending on th e  form  of th e  cells, while in g lobular-shaped  cells 
on ly  d iam eter was m easu red . The d a ta  of 10 — 50 ind iv iduals were ta k e n  in to  consideration , 
and  from  the  various calcu la ted  vo lum e d a ta  the  m eans were d raw n. F or th e  species occurring  
in  colonies (Gomphosphaeria , Coelastrum , e tc .), th e  nu m b er of th e  cells w as also counted ; from  
th em  an average w as tak e n  and m u ltip lied  by  th e  volum e va lues calcu la ted  for th e  cells. In  
th e  case of filam ents, we d id  no t co u n t cells b u t  considered th e  fila m en t as a un it.

Fig. 1. W est F tungary , w ith  L ake Velence

Bella - p

Bágyom-p

Fig. 2. Sam pling  places in L ake Velence
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4 BARTHA, ZS.

The various append ices, th o rn s  (Scenedesmus) and the  je lly -cover were disregarded.
The volum e of som e o f th e  species can  be calcu la ted  only b y  m eans of m odels; in such 

cases (6 species), the  va lues u sed  in  th e  lite ra tu re  were tak en  in to  co n sid era tio n  (T a m á s  1955; 
D u s s a r t  1966; B e l l in g e r  1974: W il l e n  1961).

Volum e calcu la tions d id  n o t ex ten d  to  species rep resen ted  b y  one speciem ens or to 
th o se  w ith  a low p o p u la tio n  d en sity . Since these  species rep resen ted  1 — 10%  of th e  num ber 
o f  p h y to p la n k to n  in d iv iduals , th e ir  biom ass was calcu la ted  so th a t  as m an y  percen tages were 
ad d ed  to  the value o b ta in e d  a t  th e  given sam pling  site.

The indiv idual n u m b er o f th e  non-calcu la ted  species; 1 — 5%  a t  4 sam pling  sites on  the 
N E  p a r t  o f the Lake (S am pling  sites Nos 10, 11, 12, 13) and  8 — 10%  a t  th e  o th e r sam pling  
p laces . The volum e d a ta  o f th e  species:

Anabaenopsis hungarica 700 g 3
Aphanocapsa grevillei 1 400 g 3 (cells 18)
Gomphosphaeria lacustris 200 g 3 (cells 25)
Lyngbya limnetica 100 /I3
M erismopedia m in im a 0.3 g 3 (cells 4)
Synechocystis salina 30 g 3 (cells 2)
Goniochloris laevis 300 g 3
G. mutica 300 g 3
Chaetoceros mülleri 1 200 g 3
Cocconeis placentula  v a r . euglypta 7 500 g 3
Cyclotella spp. 2 000 g 3
Nitschia  spp. 600 g 3 (T amás 1955)
Cryptomonas erosa 3 800 g 3 (W il l e n  1961)
Peridiniopsis borgei 125 000 g 3
Ankistrodesm us pseudobraunii 20 g 3
Botryococcus braunii 10 000 g 3
Chodatella ciliata 2 100 g 3
C. cilriformis 1 400 g 3
Coelaslrum microporum 64 016 g 3 (Tamás 1955, cells
Cosmarium bioculatum 1 600 g 3
C. polygonatum 500 g 3
Cosmarium  spp. 450 g 3
Crucigenia tetrapedia 80 g 3
Euastrum  cornubiense v a r . ornatum 1 100 g 3
Oocystis spp. 900 g 3 (B e l l in g e r  1974)
Pediastrum  boryanum 3 800 g 3
P . tétras 2 270 g 3
Scenedesmus spp. 1 000 g 3 (D u ssa rt  1966)
Tetraëdron caudatum 500 g 3
Tetraëdron m in im um 100 g 3

R esults

T he results are  su m m arized  in  T ab le  1. T hey  do n o t co n ta in  th e  d a ta  of 
species represen ted  on ly  b y  a few specim ens.

Changes in  the num bers o f  the phytoplankton ind ividuals

On th e  basis of th e  p h y to p la n k to n  exam inations, th e re  are  th ree  algolo- 
g ica lly  d istingu ishab le  a reas in th e  L ake; w ith in  these , tra n s itio n a l- ty p e  
w a te rs , or such as are  in d iv id u a l from  som e po in t o f view , can to  he d is tin ­
g u ished . Therefore we d iscuss ou r resu lts  accord ing  to  th e  d is tin c t areas.
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Table 1

N um ber o f phytoplankton indiv iduals and biomass in  Lake Velence

1 3 4 5 6 7 10 11 12 13

Lángi tisztás Vendel Nagytó R igya Gallér Hosszú-tisztás Nagy-tisztás Belső-tisztás Belső-tisztás Felső-tó Tizedes-tanya Öreg-tisztás Kárászos F ürdető

i.n i l - i mg-l“ 1 i.m l 1 m g.l 1 i .m l-1 m g .l -1 i.ml 1 m g.l 1 i.m l-1 m g . l '1 i .m l-1 mg.l 1 i.m l“ 1 mg.l 1 i .m l- 1 mg.l 1 i.m l 1 mg.l 1 i . m l 1 m g .l-1 i.m l-1 mg.l 1 j i.ml 1 mg.l 1 i .m l-1 mg.l 1

CYANOPHYTA

Anabaenopsis hungarica  H alász V II. 1973. 104 0.07 5240 3.66 42463 29.72 17724 12.40 58784 41.14
V II I .  1974. + + 3152 2.20 7285 5.09 221400 154.98 66235 46.36 220108 154.07

Aphanocapsa grevillei (H ass.) R abh. V II . 1973. 193 0.27 —
V III . 1974. —

Gomphosphaeria compacta (Lem m .) Strm . VIT. 1973. 62 0.03 59 0.02 15 0.00 6 0.00 282 0.14 + -F —
V III .  1974. H" + 237 0.11 _F 178 0.08 297 0.14 81 0.04 713 0.35 _F + + —

Gomphosphaeria lacustris Chod. V II. 1973. 505 0.10 62 0.01 59 0.01 14 0.00 9 0.00 163 0.03 185 0.03 _F —
V III . 1974. 89 0.01 193 0.03 195 0.03 148 0.02 431 0.08 —

Lyngbya limnetica  Lem m . V II. 1973. 74 0.00 6466 0.64 77305 7.73 32472 3.24 147231 14.72
V II I .  1974. 9665 0.96 83257 8.32 269370 26.93 241326 24.13 307377 30.73

M erismopedia m in im a  Beck. V II. 1973. -F + 260 0.00 _F -F 1476 0.00
V II I .  1974. + 312 0.00 148 0.00 1189 0.00 1660 0.00 -F —

Synechocystis salina  W isl. V II. 1973. 65 0.00 +
V III . 1974. + + 104 0.00 —

O ther Cyanophyta V II. 1973. 42 159 47 178 59 163 1152 1476 922 553 —
V III .  1974. 282 312 148 208 29 89 29 29 743 738 184 738 —

Cyanophyta to ta l V II. 1973. 698 231 277 29 62 178 59 786 13303 121244 51118 208044 —
V III . 1974. 282 312 786 460 29 460 521 229 13990 92474 491508 309405 528223 —

EUGLEN O PIIY TA  to ta l V II. 1973. 17 37 37 184 553 —
V III . 1974. 44 14 29 89 5 178 89 89 89 74 369 184 369 —

CHRYSOPHYTA

X a n t h o p h y c e a e  
Goniochloris mutica  (A. B raun) F o tt V II. 1973. 44 0.01 65 0.01 11 0.00 44 0.01 32 0.00 14 0.00 14 0.00 89 0.02 74 0.02 184 0.05 ___

V III . 1974. 59 0.01 59 0.01 163 0.04 35 0.01 104 0.03 44 0.01 29 0.01 74 0.02 184 0.05 —
Goniochloris laevis Pascher V II. 1973. 44 0.01 —

V III . 1974. 148 0.04 59 0.01 —
B a c i l l  a r i o p h y c e a e  

Chaetoceros miilleri Lem m . V II. 1973. + + —

V III . 1974. 74 0.08 74 0.08 624 0.74 1174 1.49 -F 104 0.12 —
Cocconeis placentula  va r. euglypta (E hr.) Cl. V II. 1973. 35 0.26 —

V I 11. 1974. —
Cyclotella spp. V II. 1973. + + + 104 0.20 185 0.37 —

V III . 1974. -U + 89 0.17 237 0.47 342 0.64 -F 148 0.30 + ~F + —
Nitzschia spp. V II. 1973. -F + 1476 0.88

V III . 1974. + _F _F 1040 0.62 3505 2.10 1845 1.10 11254 6.75
O ther V II. 1973. 5 17 14 59 14 29 111 184 297 -
Bacillariophyceae V III . 1974. 14 29 29 11 14 89 29 178 369 369 184

—

Chrysophyla to ta l V II. 1973. 44 70 28 44 67 28 103 28 222 370 184 481 1476
V III . 1974. 236 162 683 1455 46 118 385 519 207 1262 4058 2214 11448

PY R R O PH Y TA

Cryptomonas erosa E h r. V II I .  1973. 113 0.42 _|_ + -F 185 0.70 -
V II. 1974. -F -F -F + + + —

Peridiniopsis borgei L em m . V II. 1973. 42 5.25 157 19.62 169 21.12 193 24.12 148 18.5 63 8.00 342 42.75 96 12.00 408 51.00 —
V III . 1974. 133 16.72 89 11.15 505 63.17 148 18.58 249 31.22 624 78.06 356 44.61 371 46.46 639 79.92 -F —

O ther Pyrrophyla V II. 1973. 14 59 8 29 29 7 133 148 —
V III . 1974. 74 138 129 74 23 74 118 14 446 553 184 369 —

Pyrrophyla  to ta l V II. 1973. 56 270 169 252 156 92 371 103 133 1 741 -
V III . 1974. 207 237 634 222 272 698 474 385 639 446 553 184 1 369

, 1 1 '
L llL U K U r il I  1 A 1

C h l o r o p h y c e  a e
A nkistrodesm us pseudobraunii Belch, e t Sw. V II. 1973. 252 0.00 3790 0.07 43542 0.87 21217 0.42 6642 0.13

V II I .  1974. 89 0.00 1962 0.03 18807 0.37 38560 0.77 33948 0.67 32841 0.65Botryococcus braun ii Kütz. V II. 1973. -F 41 0.41 _F _F
V I I I .  1974. 238 2.37 163 1.63 89 0.89 + 95 0.95 _L + 1 -F

Chodatella ciliata  (Lagerh.) Lem m . V II . 1973. 89 0.18 47 0.09 83 0.17 47 0.09 + 193 0.40 59 0.12 74 0.15 1 -4-
V II I .  1974. 223 0.46 267 0.56 133 0.28 312 0.65 89 0.18 208 0.43 74 0.15

Chodatella c itr ifo rm is  Snow. V II .  1973.
V II I .  1974. 148 0.20 + 89 0.12 89 0.12 +

Coelastrum m icroporum  Naeg. V II . 1973. + + _F + + 74 4.7 + -F
V II I .  1974. + + + 1

Crucigenia tetrapedia  (Kirch.) W. e t W. V II. 1973. + -j- 89 0.00 _F _F 193 0.01 222 0.01 _F -F J
V i l i .  1974. -F -F -F -F -F + _F 371 0.02 -F + -F

Uocystis spp. V II. 1973. 163 0.14 113 0.10 83 0.07 89 0.08 133 0.11 327 0.29 163 0.14 148 0.13 297 0.26 334 0.30 922 0.82 + 1291 1.16
V II I .  1974. 252 0.22 312 0.28 267 0.24 520 0.46 208 0.18 252 0.22 654 0.58 327 0.29 401 0.36 371 0.33

Pediastrum  boryanum  (Turp.) M enegh. V II. 1973. 14 0.05 104 0.39 + 74 0.28 260 0.98 -FV II I  1974. 148 0.56 -F + 74 0.28 148 0.56 74 0.28 74 0.28 743 2.82 -F
Pediastrum  tétras (E hr.) Ralfs. V II. 1973. -F 74 0.16 706 1.60 1660 3.76 1 107 2.51 2214 5.02

V III . 1974. _F + _F 1
Scenedesmus acutus Meyen V II. 1973. 185 0.12 + 922 0.59 1291 0.83

V II I .  1974. + + 922 0.59 -FScenedesmus ecornis (Kalls.) Chod. V II. 1973. _F + 118 0.1 1 + 222 0.22
V II I .  1974. _F + 104 0.10 148 0.14 +

Scenedesmus quadricauda  (Turp.) B réb . V II. 1973. 297 0.13 + 17 0.00 460 0.20 282 0.12 _F 282 0.12 185 0.08 1 107 0.49 6273 2.82
V I I I . -1974.

Scenedesmus sp inosus  Chod. V II . 1973. -F _F -F
V II I .  1974. 5

Scenedesmus spp . V II. 1973. + -F 475 0.11 156 0.03 862 0.21 4124 1.03 3321 0.83 7933 1.98
V II I .  1974. 1323 0.33 89 0.02 341 0.08 416 0.10 639 0.15 484 0.12 609 0.15 1308 0.32 5575 1.39 6273 1.56 7749 1.93 7011 1.75Tetraëdron caudatum  (Corda) H ansg. V IL  1973. + _F -F + -F
V II I .  1974. 104 0.05 -h + -F + + _j_

Tetraëdron m in im u m  (A. Br.) H ansg . V II . 1973. 1026 0.10 148 0.01 83 0.00 118 0.01 92 0.00 565 0.05 550 0.05 275 0.02 505 0.05 743 0.07 _F 1476 0.14 1476 0.14
V I I I .  1974. 1472 0.14 193 0.01 1114 0.11 1159 0.11 196 0.01 505 0.05 862 0.08 565 0.05 490 0.04 1263 0.12 1476 0.14 922 0.09O th e r Chlorophyceae V IL  1973. 163 166 77 133 44 297 267 148 396 817 4428 3136 4797
V II I .  1974. 252 148 312 267 65 89 297 252 223 892 3505 291 2583C o n j u g a t o p h y c e a e

Cosm arium  bioculatum  Bréb. V II . 1973. F 104 0.16
V II I .  1974.

C osm arium  polygonatum  Halász V II . 1973. 148 0.07 + 41 0.02 89 0.04
V II I .  1974.

C osm arium  spp. V II. 1973. 29 0.01 41 0.01 -F 121 0.05 + 77 0.03 44 0.01 609 0.27 1114 0.50 + + -F
V i l i .  1974. 193 0.04 + 936 0.42 669 0.30 65 0.02 401 0.18 1011 0.45 416 0.18 282 0.12 -F -F

E uastrum  cornubiense var. ornatum  H alász V II. 1973. -F 47 0.34
V II I .  1974. + —

Chlorophyta to ta l V II . 1973. 1886 503 449 340 501 2057 2138 838 3652 12702 54980 35791 23984
V II I .  1974. 4353 1172 3281 3432 629 2153 3812 2332 4814 28022 49260 44464 43357 —

Algae  to ta l V II . 1973. 2684 1071 923 665 786 2195 2671 1006 4793 27153 176592 87390 234057
V IH . 1974. 5123 1897 5413 5495 981 3607 5281 3554 19739 122278 545748 356451 583766 —

Biomass to ta l V II. 1973. 6.76 23.22 24.62 25.93 21.82 10.20 49.53 20.54 6.67 66.35 45.57 22.38 68.21
V I I I .  1974 23.87 15.55 72.84 24.18 35.66 87.36 53.29 53.11 89.12 19.20 188.82 75.41 196.01
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I t  can be observed  fairly  well in F igs 3 and  4 th a t  th e  algal d en sity  in  the 
N E p a r t  o f th e  L ake (sam pling places N os. 10, 11, 12, 13), in  com parison  w ith  
th e  o th e r a reas , is v e ry  high. In  1973, in  th ese  p a r ts  th e  n u m b er of algae was 
betw een 27 and  234 m illions, in 1974 betw een  120 and 580 m illions, p er lite r. 
In  these  p laces of th e  L ake, th e  p la n t n u tr ie n ts  m an ifest them selves in  algae; 
we call th is phenom enon , a fte r La k a t o s , p lan k to n ic  e u tro p h ica tio n  (Lakatos

1974). At th e  sam e tim e , a t th e  SW  end  o f th e  L ake (sam pling  places Nos 1, 
2, 3, 4, 5) m erely  a five h u n d red th  p a r t  o f th e  fo rm er values w ere to  be o b ta in ­
ed, indeed  in  th e  deep un stirred  w a te r o f th e  row ing tra c k  on th e  H osszú ­
tisz tá s  (No. 5), th e  d en sity  of algal in d iv id u a ls  did n o t reach  even a m illion. 
In  these places th e  n u tr ie n ts  are in co rp o ra ted  in  seaw eed p lan ts  and  f ilam en ­
tous algal sw ards ( Vaucheria dichotoma A g.); th e  phenom enon  is called, a fte r 
Lak at o s , b en th ic  eu tro p h ica tio n  (Lak at o s  1974).

These b o ttom -dw elling  p lan ts  s tab ilize  th e  p lan t n u tr ie n ts  in th e ir  body , 
hence in th e  w a te r space above them  th e  n u m b e r of p h y to p la n k to n  in d iv id u a l 
does n o t. in  m ost cases, reach even 1 m illion  ind . l i t . -1 .

The so-called “ g rea t open w a te r”  is in  th e  m iddle p a r t  of th e  L ake (sam p l­
ing places Nos 6, 7, 8, 9). Sam pling place N o. 6 is th e  least p ro d u c tiv e  p a r t  of 
th e  L ake, since th e  d en sity  of its p h y to p la n k to n  in d iv id u a ls  does no t rise 
above 3 m illion in d . l i t . -1 , even th ough  no large-sized a q u a tic  p la n t or f ila ­
m entous algae a re  to  be found in it. S am pling  p lace No. 9 is u n d o u b ted ly  the  
richest in algae am ong th e  larger n o rth e rn  c learings (5— 19 m illion ind . l i t . -1 ), 
still its  values lag beh ind  those of th e  p h y to p la n k to n  in d iv idua ls o f th e  N E 
w aters (Nos 11 and  13), because th e  carefu l m an ag em en t o f th e  L ake p re ­
v en ted  its  d irec t c o n ta c t w ith  th e  m ost eu tro p h ic  w a te r  o f sam pling  s ite  N o. 13 
(F ü rd e tő ) by  heaps o f stones and by leav in g  th e  n a tu ra l reed  wall in ta c t. 
N evertheless, th e  closeness of th e  F ü rd e tő  (No. 13) m akes its  in fluence  felt 
in th e  species com position .

At th e  tw o sam pling  places of th e  B e lső -tisz tás (Nos. 7 and  8), w'e n o ted  
only  a sm all d ifference. In  th e  SW  p a r t  (N o. 7), th e  d en sity  o f th e  algal in d i­
v iduals was 2— 5 m illion ind . l i te r -1 , w hile in  th e  N E  p a rt (No. 8), it was 
1— 3 m illion ind . l i te r -1 . In  th e  la tte r  sam pling  place, how ever, th e re  was 
a considerab le  Vaucheria dichotoma s ta n d  on th e  b o tto m .

On th e  basis of species com position an d  d en sity  of th e  algal in d iv id u a ls , 
we relegated  sam pling  p lace No. 10 (T izedes-tanya) to  th e  stro n g ly  eu tro p h ic  
N E  w aters, N o. 4 (G allér) to  th e  d a rk  brow n SW w aters, b u t we m u st no te  
th a t  b o th  of th em  are  m ade in d iv id u a l b y  Aphanothece bullosa (M enegh.) 
R ab h ., th e  b en th ic  b lue-green alga grow ing th e re  in  enorm ous m asses.

In  1974, in com parison  w ith  1973, th e  n u m b er of algal ind iv iduals in ­
creased in th e  w hole area of th e  Lake, w hich is p ro b ab ly  ex p la inab le  b y  th e  
m ore favourab le  w ea th e r conditions and b y  th e  low level o f w ate r. T he d en sity  
ra tio s described in  th e  foregoing p a rag rap h s , w hich are ch a rac te ris tic  of th e

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



6 BARTHA, ZS.

Velence

Fig. 4. N um ber  of p h y to p la n k to n  individuals in Ju ly ,  1974
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Fig. 3. N u m b er  of p h y to p la n k to n  individuals in Ju ly ,  1973



PHYTOPLANKTON INVESTIGATIONS ON LAKE VELENCE 7

various w a te r  q u a lity  a reas , rem ained  unchanged . E x cep tions to  th is  w ere 
sam pling  p laces No. 1 (L áng i-tisz tás) an d  N o. 3 (N agy tó -R igya). In  sam pling  
p lace N o. 3, th e  Vaucheria dichotoma sw ard  did n o t develop in  1974, so th e  
n u tr ie n ts  w ere used b y  th e  p h y to p la n k to n ; w hile in  1973 th e  n u m b er of p la n k ­
to n  algae w as 900 th o u sa n d  ind . l i t . “ 1 here , in  1974 i t  increased  to  5 m illion  
ind . l i t . -1 . A t sam pling p lace No. 1, on th e  o th e r hand , th e  increase in  th e  
n u m b er o f algal ind iv iduals was excep tab le . Since th e  in tro d u c tio n  in  1969 of 
th e  C sászár stream , th a t  is, th e  e lim ination  of th e  n a tu ra l hem m ing  b y  reed , 
th is  c learing  g radually  becom es eu tro p h ized , an d  changes are  no ticeab le  also 
in its  species com position , a consequence of th e  vegetab le  n u tr ie n ts  a rriv in g  
th ro u g h  th e  stream .

B y exam in ing  th e  d is tr ib u tio n  cond itions of the  species occurring  in 
g rea te r n u m b ers  of in d iv idua ls, we m ay  s ta te  th a t  th e  ap p earan ce  of p a r t  o f 
th e  species is re la ted  to  th e  v a rio u s w a te r q u a lity  areas. The follow ing species 
p e rsist, for exam ple, th e  s tro n g ly  eu tro p h ic  N E  areas (Nos 10, 11, 12, 13): 
A nabaenopsis hungarica  H a lász , Lyngbya lim netica  Lem m ., A nkistrodesm us  
pseudobraunii Belch et Sw.. P ediastrum  tétras (E h r.) Ralfs., Scenedesmus acutus 
M eyen.

T he ch arac te ris tic  species of th e  SW  sam pling  places (Nos 1, 2, 3, 4, 5) 
are: Synechocystis salina  W ish , Chodatella citriform is  Snow, E uastrum  cornu- 
biense v a r. ornatum  H alász, Cosmarium polygonaturn H alász. T he d ia to m  
Chaetoceros m iilleri Lem m ., w hich in 1973 occurred  sporad ically , ap p eared  in 
a g rea t n u m b er of ind iv iduals in  th e  SW  areas in 1974, its  specim ens could, 
how ever, be  observed even in  th e  g rea t open w aters (Nos 6, 7, 8).

Botryococcus braunii K iitz . is also a ch a rac te ris tic  species m ain ly  o f th e  
SW  w ate rs . T he g rea t open w a te r  (Nos 6, 7, 8) also has its  ch a rac te ris tic  
o rganism s, w hich in  th e  o th e r  areas occur sporad ica lly  a t  m ost. Such are 
Scenedesmus ecornis (R alfs.) Chod., Gomphosphaeria lacustris Chod., G. com­
pacta  (L em m .) S trm ., and Pediastrum  boryanum  (T urp .) M enegh. T he la t te r  
3 organism s occurred  in  a g re a te r  q u a n ti ty  —  besides th e  g rea t open  w aters — 
in  th e  L án g i-tisz tá s  (No. 1), w hich  is an  in d ica tio n  of th e  g rad u a l tra n s fo rm a ­
tio n  and  o f d ifferen t n u tr ie n t su p p ly  of th is  clearing ; we h av e  a lread y  po in ted  
o u t its  cause. Gomphosphaeria lacustris Chod. appeared  in  a g rea te r q u a n tity  
in th e  m iddle p a r t  o f th e  L ake in  1974. W e are  glad to  observe its  sp read  in  
L ake V elence, because i t  is a p ro o f of th e  fo rm atio n  of good -q u a lity  w a te r.

P a r t  o f th e  species occurred  in th e  g rea t open w aters and  th e  dark - 
brow n SW  w ate rs  as well, h u t  th e y  were m issing from  th e  stro n g ly  eu tro p h ic  
w aters of sam pling  places N os 11, 12 an d  13. To th is  group belong  Peridi- 
niopsis borgei L em m ., Cryptom onas erosa E h r ., Chodatella ciliata  (L agerh .) 
L em m . an d  som e Cosmarium  species.

F o r th e  sake of com pleteness, I  m en tio n  th e  generally  d is tr ib u te d  
species of large-scale to lerance: Goniochloris m utica  (A. B raun) F o tt ,  Crucigenia
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tetrapedia  (K irch .) W . e t W ., Tetraëdron m in im u m  (A. B raun) H ansg ., and  
a g rea t p a r t  of th e  Oocystis and Scenedesmus species.

W e can a lread y  s ta te  on the  basis o f our p resen t exam ina tions, th a t  th e  
ch a rac te ris tic  h a b ita ts  o f L ake Velence h av e  a special algal flo ra . I t  is desirab le  
th a t  fu tu re  researches be ex tended  also th e  species w hich occur in  only  a few 
specim ens.

E xa m in a tio n  o f  the biomass o f  the phytoplankton

I f  we exam ine th e  b iom ass of th e  p la n k to n  algae, th e  ex trem e differences 
experienced  in th e  case o f algal d ensity  in  th e  various p a r ts  of the Lake lessen 
(Figs 5— 6). In  1973, th e  b iom ass va lu es  changed  betw een  6.67 an d  68.2 
m g .lite r-1 , while in  1974, sim ilarly  as in  th e  case o f  th e  n u m b er of in d iv idua ls, 
b iom ass also increased  considerab ly ; i t  v a ried  betw een  15.5 and  196 m g /li t .-1 . 
T he differences be tw een  th e  various w a te r-q u a lity  areas in  1973 were 30 tim es 
th e  values of one a n o th e r , while in  1974 th e y  w ere 12.5 tim es th a t ;  th is  in  
com parison  w ith  th e  values 200 tim es and  500 tim es h igher, o b ta in ed  in  
resp ec t of th e  n u m b e r o f ind iv iduals, is low.

T he values m easu red  a t  th e  g iven sam pling  places were ex trem ely  
va riab le , depend ing  on th e  size of th e  d o m in an t algae. T he b iom ass of th e  N E 
lake  areas w ith  e x trem e ly  high d en sity  of ind iv id u a ls  is in  com parison w ith  
th e  n u m b er of in d iv id u a ls  low, since in  th ese  sam pling  places 90%  of the  p h y to ­
p lan k to n  is c o n s titu te d  by  A nabaenopsis hungarica  H alász , Lyngbya lim netica  
L em m ., A nkistrodesm us pseudobraunii B elch , e t Sw. A m ong these  species 
th e  biom ass of on ly  A nabaenopsis hungarica  is considerab le  (700 ^ /f i la m e n t) .

I t  is w orth y  o f a tte n tio n  th a t  in  1974, a t  sam pling  places Nos 3 an d  4, 
the  n um ber of algal in d iv idua ls considerab ly  increased , w ith  a m ore sign ifican t 
increase in  th e  b iom ass. A t sam pling p lace No. 3, th e  biom ass increased  to  
3 tim es of its  orig inal v a lue , while th e  n u m b er of algal ind iv iduals increased  
to  m ore th an  5 tim es o f its  original. A t th e  sam e tim e, a t  sam pling place No. 4, 
the  increase of th e  n u m b e r of in d iv id u a ls  to  eight tim es of its  orig inal value 
resu lted  in  a decrease in  th e  b iom ass. T he phenom enon  can  be exp lained  only  
in th e  exact know ledge of species and  th e  n u m b er of th e ir  ind iv idua ls, th e re ­
fore i t  is im p o r ta n t t h a t  a t least th e  species w hich occur in  g rea te r q u a n titie s , 
and  th e ir vo lum e, shou ld  be de te rm ined . A considerab le  p a rt of th e  increase 
in th e  num ber o f in d iv id u a ls , a t b o th  of th e  sam pling  places, occurred in the  
following organ ism s: M erism opedia m in im a  B eck., Goniochloris mutica  (A. B r.) 
F o tt ,  Chaetoceros m iilleri Lem m ., Chodatella ciliata  (L agerh .) Lem m ., C. citri- 
fo rm is  Snow., Tetraëdron m in im um  (A. Br.) H ansg ., C osm arium , Oocystis and 
Scenedesmus species. T hese species h a rd ly  rep resen t an y  biom ass values. F o r 
exam ple, th e  increase  to  300 000 ind iv id u a ls  in  M erism opedia m in im a  Beck.
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Velence
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Fig. 5. Biomass of p h y to p la n k to n ,  Ju ly ,  1973

Fig. 6. Biomass of p h y to p la n k to n ,  August,  1974
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re su lts , owing to  its  sm all m easures, in a 0.001 mg/1 increase, w hich is p ra c tic ­
a lly  negligible. T he causes of th e  differences a re  th e  large-sized  organism s, 
in  th e  presen t case P erid inopsis  borget Leinm . (125 000 p 3) an d  Botryococcus 
b ra un ii K iitz. (10 000 p 3). A t sam pling place N o. 3 (N ag y tó -R ig y a), the num ber 
o f a lga l ind iv iduals in  P erid in iopsis  increased  th re e  tim es to  its  original va lue , 
w hich  m eans 42 m g .li t .-1  in  biom ass. A t sam p lin g  place N o. 4 on th e  o th e r 
h a n d , th e  num ber of in d iv id u a ls  of P erid in iopsis  decreased b y  50 000, w hich 
re su lte d  in  a 6 m g .lit .-1  b iom ass decrease; Botryococcus w as rep resen ted  only  
b y  1— 2 specim ens in  th e  sam ples.

In  th e  L án g i-tisz tá s  (N o. 1), th e  300 000 increase  in  th e  n u m b er o f in d i­
v id u a ls  of the  tw'o species m en tioned  above re su lted  in a 13 m g .li t .-1 biom ass 
increase , wdiile th e  2.2 m illion  ind . l i t . -1 increase  in  th e  n u m b e r of ind iv iduals 
w as caused by  green a lg a l species whose th e  b iom ass was m erely  3.4 m g .lit .- 1 .

E ith e r  th e  in c rea se  or th e  decrease in  th e  b iom ass a t  V endel (No. 2), 
H osszú -tisz tás (No. 5), a n d  th e  g rea t open w a te r  (Nos 6, 7 an d  8), is in fluenced  
b y  th e  increase or d ecrease  in  th e  num ber o f P erid in iopsis  in d iv idua ls. A t th e  
sam e tim e, in  th e  N E  p a r t  of the  Lake (N os 11, 12. 13), th e  species com po­
s itio n  was iden tica l in  b o th  years, thu s th e  1974 increase in  th e  biom ass of 
th is  area  is p rop o rtio n a l w ith  th e  increase in  th e  n u m b er of ind iv iduals.

F rom  th e  ab o v e  exam ples it  can be seen th a t  th e  b iom ass values a re  
p rim a rily  in fluenced  b y  th e  ra tio  of th e  large-bod ied  species (in  th e  case o f  th e  
L ak e  Velence, m a in ly  b y  Peridin iopsis borgei L em m .).

In  the  course o f exam in a tio n s, we h a v e  estab lished  th a t  algae w ith  a 
sm alle r volum e th a n  100 p 3 are  considerable, fro m  th e  v iew -po in t of es tim atin g  
b iom ass, only in  th e  case  o f ex trem ely  g rea t n u m b ers  of in d iv idua ls. Lyngbya  
lim netica  (100 /i3) can  be  m entioned  as an exam ple , th is alga rep resen ts on ly
0.1 mg/1 biom ass in  th e  case of a 1 mill, l i t . -1  n u m b e r of in d iv idua ls. T herefore, 
in  th e  knowledge of th e  species and the  n u m b e r o f ind iv id u a ls  in th e  sam pling  
a rea  exam ined, we can  p re d ic t th e  species wTiose vo lum e is w o r th y  to  ca lcu la te  
w ith  g rea t accu racy  fo r  th e  given w ater ty p e , an d  w hich m ay  considerab ly  
in fluence  changes in  b io m ass values.
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FACULTY OF SCIEN CE. CAIRO UNIVERSITY, EG Y PT 

(R eceived O c to b er 5, 1975)

The p re sen t s tu d y  is the  f irs t p a r t  o f a series on th e  eco-physio logy of ha lo p h y tes 
in  arid  and sem i-arid  zones. An a cc o u n t o f th e  salines and h a lo p h y te s  in  E g y p t is given 
in th is p a rt. L im oniaslrum  m onopetalum  is a sa lt-secreting  h a lo p h y te  growing in the 
W estern  M ed ite rranean  coastal zone of E g y p t, an area w ith  a tte n u a te d  sub-desert 
c lim ate. T hough th e  p lan t grows in  d iffe re n t h a b ita ts  as reg ard s soil sa lin ity , i t  dom i­
n a te s  a com m unity  in  the  less-saline h a b ita ts  w ith  deep sa n d y  soil. The p lan t, being 
endow ed w ith  specia l characteris tics , has  th e  po ten tia l a b ility  to  form  m ounds. The 
form ation  of m ounds has m any ecological consequences th ro u g h  its effect on th e  w ater 
p la n t and soil re la tionsh ips. The m o u n d  fo rm atio n  goes han d  in  h an d  w ith  th e  g row th 
of th e  p lan t till th e  m ound reaches a considerab le  size w ith  a h e ig h t of 50 cm or m ore. 
Two types of a d v en titio u s  roots are p ro d u ced  due to m ound  fo rm atio n : tu f ts  o f fine 
sh o rt roots and long fib rous roo ts; b o th  co n trib u te  considerab ly  to  w a te r in tak e  b y  th e  
p lan t. The p lan t has tw o d istinct ty p es  o f glands, differing as reg ard s th e ir d is trib u tio n  
on  th e  p lan t bo d y , s tru c tu re  and fu n c tio n . These are th e  sa lt (chalk) g lands an d  th e  
m ucilage glands. T he salt-secreting  g lan d s are p resen t on th e  leaves an d  young shoots; 
each is com posed of 16 cells com prising 12 secretory  cells an d  4 su b sid ia ry  cells. Mucilage 
g lands occur a t  th e  ex trem e  base o f th e  lea f  sh ea th , on the  u p p e r  ep iderm is each  consists 
o f a vary ing  n u m b er o f cells and  is enclosed  by  large nonsecre ting  su b sid iary  cells.

In trodu ction

Salines occupy v a s t areas in th e  a r id  and sem iarid  zone an d  th e  problem s 
o f sa lin ity  are  ag g rav a ted  by  th e  in a d e q u a n c y  of ra in fa ll to  rem ove th e  sa lts. 
H ow ever, salines are n o t en tire ly  lim ite d  to  such zones an d  h a lo p h y tes  are  
w idely  d is trib u ted  in  various clim atic regions. H alophy tes ex h ib it taxonom ical 
an d  behav iou ra l u n ifo rm ity  in th e  d iffe ren t regions, th e  sam e genus or even the 
sam e species m ay occur in  d ifferent c lim a tic  regions. E n v iro n m e n ta l cond itions 
p rev a ilin g  in  salines o f  th e  arid  an d  sem i-arid  zones a re  v e ry  com plex. T he 
p la n ts  grow ing in th ese  salines are su b je c te d  to  severe c lim a tic  and edaphic 
a r id ity , in add ition  to  physiological d ro u g h t (Sc h im pe r , 1903) w hich is a 
com m on phenom enon in  salines of d iffe ren t c lim atic regions.

O ur know ledge o f th e  eco-physiology of ha lophy tes in  a rid  and sem i-arid  
zones is ex trem ely  lim ited . This a n d  th e  subsequent p ap ers  rep resen t an  
a t te m p t  to  fill some gaps in  our know ledge. Though th e  n u m b e r of ha lop h y tic  
species is low com pared  to  th a t  of o th e r  groups of th e  flo ra  o f a rid  and  sem i­
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a rid  zones, they  c o n tr ib u te  in  a g rea t m easure  to  th e  v e g e ta tio n  of v ast areas 
in  th ese  zones.

The p resen t s tu d y  deals w ith  th e  au teco logy  of a sa lt-sec re tin g  halophy te , 
n am ely  L im oniastrum  m onopetalum . I t  rep resen ts  th e  basis for th e  subsequent 
p a r ts  concerning th e  sam e species and  dealing  w ith  aspec ts  o f its  eco-physio- 
logy. An in tro d u c to ry  p a r t  on th e  salines and  h a lo p h y tes  in  E g y p t is given 
in  th is  p a rt.

Salines in  Egypt

The desert occupies a lm o st 97%  of th e  to ta l a rea  of E g y p t. O th e r th a n  the  salines 
o ccu p y irg  t i e  n o rth e rn  p a r t  o f th e  D e lta  an d  m an y  p a rts  of th e  c u ltiv a te d  areas, there  are 
in la n d  salines in th e  d ese rt a rea  an d  coasta l salines along th e  M ed ite rran ean  and R ed Seas.

In la n d  salines

In land  salines include th e  following series:
a) E rosion p a v em en ts  w ith  gypseous deposits . T his ty p e  belongs to au tom orphous 

salines (Zohary 1962) a n d  su p p o rts  a lm o st no v eg eta tion .
b) Saline depressions in th e  d ese rt an d  special h a b ita ts  in  th e  w adis w hich receive ru n o ff 

w a te r  w ith  dissolved salts . I n  ra in y  years, these  salines are usu a lly  flooded  w ith  w ater, b u t  th e  
sa lin ity  increases a t  th e  u p p e r  layers in th e  d ry  season. X e ro h alo p h y tes  as Tam arix  spp., Zygo- 
p h y llu m  album , A trip lex  ha lim us  an d  N itraria  retusa in h ab it these  salines.

c) Salines in th e  te rm in a l d ra inage  basins w hich occur in th e  de lta ic  plains of wadis 
o f th e  E astern  D ese rt (K assas an d  Zaiiran  1967) and  the  Sinai (M ig a h id  e t ah, 1959). Tam a­
r ix  spp. are of com m on occurrence  in these  salines.

d) Salines a ro u n d  springs and  w a te r  po in ts . E v ap o ra tio n  of th e  b rack ish  or saline w ater 
leads to  salin ization  of th e  h a b ita t.  U su a lly , hygrophilous p lan ts  grow  near th e  source and  
halophilous p lan ts  grow  rem oved  from  it.  J u n cu s  spp . are am ong th e  p la n ts  th a t  grow in th e  
salinized zone a ro u n d  these  w ater p o in ts .

e) Salt m arshes an d  saline h a b ita ts  in th e  oases of th e  W este rn  (L ybian) D esert (M ig a ­
h id  e t al., 1960).

Coastal salines

A. Coastal sa lt m arsh es in  th e  M ed ite rranean  zone include
a) C oastal sw am ps w ith  very  poor v eg eta tio n  and  a low  n u m b er of species.
b) D epressions to  th e  so u th  of th e  coasta l dune b e lt, loca lly  ra th e r  close to th e  sea 

level. D ifferen t halophilous p la n t com m unities in h a b it  these p a rts  (T a d r o s  
1953).

c) Salt m arshes occupying  th e  w estern  ex tension  of L ak e  M areotis and loca ted  
be tw een  tw o lim estone  ridges ex ten d in g  paralle l to  th e  M edite rranean  (T a d r o s  
1953).

B. R ed Sea l it to ra l  sa lt m arshes, ex ten d in g  a lm ost 1100 k m  from  Suez to the  E g y p tian -
Sudanese b o rd e r in th e  sou th . P la n t com m unities in  these  m arshes were stud ied  b y
(K a ssa s  and  Z a h r a n  1967).

Halophytes in Egypt

The E g y p tia n  f lo ra  com prises ab o u t 2300 species; o u t of these  th e re  are a lm ost 80 te r- 
re s tia l halophy tic  species belonging to 31 genera and 17 fam ilies. T h o u g h  the  num ber of halo- 
p h y tic  species is low, th e y  c o n stitu te  th e  v eg e ta tio n  of wide areas in  th e  country . C lassification 
o f the  halophytes in E g y p t is n o t an  easy ta sk  owing to  th e  lack  of knowledge ab o u t th e ir  
biology, physiology a n d  o th e r aspects. Several a tte m p ts  have b een  m ad e  to classify th e  halo-
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p h y tic  species (Sto ck er  1928, St e in e r  1935; I v erson  1936, Van  E i j k  1939; T sopa  1939; 
H e n k e l  and  Shokhov  1945; Chapm an  1946; A d r ia n i 1956 and W a ise l  1972).

A pp lica tion  of th e  classifications ad o p ted  b y  an y  of th e  above-m entioned  a u th o rs  to 
th e  h a lo p h y te s  in E g y p t can n o t be achieved ex cep t a fte r  a thorough  s tu d y  of d iffe ren t aspects 
of th e ir  eco-physiology. In  general, ha lo p h y tes in  E g y p t m ay  be classified p rov isionally  in to  
sa lt-secreting , succu len t, an d  non-succu len t h a lo p h y tes .

S alt-secreting  h a lo p h y tes  are rep resen ted  b y  a lm ost 30 species in th e  E g y p tia n  flo ra . 
T he species un d er s tu d y , L im oniaslrum  monopetalum , is one of these p lan ts  (B a ta n o u n y  1973). 
Succu len ts are rep resen ted  b y  28 species, th e  m a jo rity  of w hich are chenopeds. N on-succu len ts 
include som e p lan ts  w hich accum ulate  sa lts in  som e p a r ts  of th e ir bodies, w hich are shed  w hen 
th e  sa lts  reach  a h igh level, e.g. Juncus  spp.

The species studied

L im o n iastru m  m onopeta lum  is a sh ru b le t w ith  a w h itish  grey  aspect 
belonging to  th e  fam ily  Plumbaginaceae. I ts  stiff, narrow , sp a tu la te  leaves 
and  th e  young b ranches are  densely b ese t w ith w hite, calcareous tu b erc les . 
I t  is th e  only  rep re sen ta tiv e  species of th e  genus L im oniastrum  F o h r in  E g y p t. 
T he p la n t dom inates in a com m unity  in h a b itin g  deep sandy  soils; th o u g h  it 
grows in  h igh ly  saline soils y e t w ith  a low  cover value. T he p la n t has a lim ited  
geograph ical d is tr ib u tio n  in  areas a long  th e  W estern  M ed ite rranean  co asta l 
zone in  E g y p t. T he m ain  associates grow ing in  th e  com m unity  d o m in a ted  by  
th e  species s tud ied  are: Salsola tetrandra, Suaeda pru inosa . A nabasis articulata, 
Thym elaea hirsuta  an d  Asphodelus m icrocarpus.

Clim atic conditions

T h e  c lim atic  cond itions p revailing  in  th e  h a b ita t  su p p o rtin g  th e  p la n t  
s tu d ied  m ay  be sum m arized  from  th e  c lim atic  d a ta  o b ta ined  by  th e  E l D ab aa  
M eteorological S ta tio n , loca ted  along th e  W este rn  M ed ite rranean  coast. T he 
an n u a l ra in fa ll is 142.6 m m ; a value th a t  decreases rap id ly  as one proceeds 
in lan d . L . monopetalum  is re s tric ted  to  p a tch es  n ea r th e  coast. T he ra in less 
period  ex ten d s from  M ay to  A ugust, an d  th e  rainfall is negligible in  A pril, 
M ay an d  S ep tem ber. T he ra in iest m on th s are  D ecem ber (41.8 m m ), N ov em b er 
(30.7 m m ) and  J a n u a ry  (26.4 m m ). T h e  te m p e ra tu re  cond itions are  m ild , 
w ith  a m o n th ly  m ean  rang ing  from  12.8 °C in  Ja n u a ry  to  25.6 °C in  A u g ust. 
T he h ighest m ean m ax im u m  is 30.0 °C in  A ugust and  th e  low est m ean m in im um  
is 7.0 °C in J a n u a ry . A bsolu te  records show  th a t  th e  h ighest m ax im u m  is 
43.8 °C in  Ju n e  and  0.0 °C in  J a n u a ry ; such  values are  of ra re  occurrence. 
T he re la tiv e  h u m id ity  ten d s to  be h igher in  sum m er th a n  in w in te r, a p h en o ­
m enon observed  b y  o th e r in v estig a to rs  a t  d iffe ren t s ta tio n s in  th e  sam e zone 
(Mig a h id  e t al., 1971). I t  exh ib its w ide d iu rn a l and  seasonal f lu c tu a tio n s . 
E v a p o ra tio n  ranges from  3.9 inm /day  in  D ecem ber to  7.2 m rn /day  in  J u ly . 
T he a rea  has an  a t te n u a te d  subdesertic  c lim a te  (U N ESC O /FA O  m aps, 1963).
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Edaphic conditions

M ound fo rm a tion

T he edaphic  co n d itio n s  p revailing  in  th e  h a b i ta t  su p p o rtin g  L . mono- 
petalum  are closely re la te d  to  tin ' fo rm atio n  o f m ounds by th is  p lan t. L . mono- 
peta lum  is an  e ffec tive  soil bu ilder and  e ffic ien t soil conserver aga in st w ind  
blow ing and flood s tre a m s . I t  has th e  p o te n tia l ab ility  to  form  m ounds, being  
endow ed by th e  fo llow ing  charac te ris tic s : a b ility  to  p roduce  ad v en titio u s ro o ts  
from  buried  v e g e ta tiv e  o rgans, cap ab ility  o f p ro duc ing  new  shoots rep lac ing  
th o se  buried  by  o n b low ing  sand  (in th e  possession o f shoo ts hav ing  buds close 
or n ea r th e  ground  su rface ), and having  an  in tr ic a te ly  b ran ch in g  shoot system . 
H uge m ounds (F ig . 1) w ith  an  average h e ig h t o f  50 cm  are  form ed by  th e  p la n t 
s tu d ied  as well as b y  o th e r  associates, as Salsola tetrandra  an d  Suaeda p ru inosa . 
M ound fo rm ation  h as  m a n y  ecological consequences th ro u g h  its  effect on p lan t- 
w a te r  and  soil re la tio n sh ip s .

In  the  seedling  s ta g e , the  p la n t grow s on  th e  level g round w ith o u t an y  
san d  accum ulation , th e n  th e  grow th of th e  p la n t  re su lts  in  th e  accum ulation  of 
w ind-blow n an d /o r w a te r-b o rn e  m ateria l fo rm ing  a hillock rising above th e  
g round  level (F ig. 1). T h ese  hillocks a re  a u g m e n ta tiv e  up  to  a ce rta in  lim it, 
depend ing  on a n u m b e r o f  factors (B a t a n o u n y  an d  B a t a n o u n y , 1968 & 1969).

Fig. 1. A profile in the mound body formed by Limoniastrum  monopelalum
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T he g row th  o f th e  p la n t helps stab iliz ing  th e  soil. I ts  p rep o n d eran ce  is an 
in d ica to r of sa lin ity  reduc tion  an d  an  increased d e p th  of th e  w ate r tab le . 
Coalescence o f th e  m ounds leads to  th e  e levation  o f th e  g ro u n d  level and  
th e  consequent decrease in sa lin ity . T he co m m u n ity  d o m in a te d  by  L. mono- 
petalum  m ay  be considered th e  last stage  of th e  halosere  in  th e  sa lt m arsh  
com m unities along th e  W este rn  M ed ite rranean  coast in  E g y p t.

So il characteristics

T hough  th e  p la n t s tu d ied  grow s and  dom inates in  a co m m u n ity  in h ab i­
ta ts  w ith  soils hav in g  a low sa lt co n te n t, i t  grows —  b u t w ith  a low cover 
value —  in  h igh ly  saline soils. T he soil s tu d y  was carried  o u t in  tw o h a b ita ts : 
a less-saline h a b i ta t  w here L im on iastrum  is th e  d o m in an t p la n t, an d  a highly- 
saline h a b ita t  w here th e  p lan t grows h u t is n o t d o m in a tin g  th e  p lan t cover.

a) Penetrability

Soil p e n e tra b ility  was s tu d ied  by  th e  use of Z ag h lo u l’s s tra to m e te r  
(Za g h lo u l , 1928), a m ethod  a d a p te d  by  m any  in v es tig a to rs  (B a t a n o u n y  
an d  Za k i , 1969). T h e  w ider th e  d is tan ce  betw een  th e  successive lines in th e  
draw ing , th e  m ore is th e  soil p e n e tra b ility . I t  is clear from  F ig . 2 th a t  th e  soils 
form ing  the  m ound  body an d  below  i t  are m ore easily  p e n e tra b le  th a n  those 
betw een  th e  m ounds. T he m ound  bo d y  has m ore loose soil th a n  th a t  below it. 
On the  o th e r h an d , in  th e  h igh ly -saline h a b ita t  th e  soil is easily  p ene trab le  
in  all sites. Soil layers near th e  w a te r  tab le  and  below i t  a re  easily  p enetrab le  
in  th is  h a b ita t .

b) Soil texture

Soil fo rm ing  th e  m ound  bo d y  is m ore fin e -tex tu red  th a n  soils below th e  
m ounds or be tw een  th em  (T able 1). T h e  new ly trap p ed  soil m a te ria l, form ing 
th e  m ound body , cou n ta in s  considerab le  am o u n ts  of silt and  clay , ranging  
from  33 to  49% , w hile th e  coarse sand  co n ten t is low, ran g in g  from  12 to  15% . 
Below th e  m ound body  and  betw een  th e  m ounds, th e  silt an d  clay  co n ten t is 
low , rang ing  from  10 to  26% . an d  th e  coarse sand  co n te n t ranges from  25 to  
57%  a t the  d iffe ren t dep ths.

c) M oisture equivalent

A re m ark ab le  difference can  be observed  betw een th e  m o istu re  equ ivalen t 
values in  th e  m ound  body , below  it ,  an d  betw een  th e  m ounds (Table 1). T he 
soil fo rm ing  th e  m ound  body has m o istu re  eq u iv a len t va lues (10.80 to  12.08% ) 
h igher th a n  th o se  below  (5.74— 8.38% ) an d  betw een  th e  m ounds (4.01— 5.01% ).

2 Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



18 BATANOUNY, K. H . - ABO SITTA, Y. M.
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F ig . 2. Soil p en etrab ility  in th e  m ound body , below  it  and betw een  th e  m ounds in two d ifferen t
h a b ita ts
Table 1

Granulometric ana lysis , moisture equivalent and hygroscopic water in  sum m er , and soil 
m oisture content in  d ifferen t months o f  soil sam ples collected at successive depths in  the m ound  

body, below it and between the mounds in  the less-saline habitat

Site

G ranulom etric nalysis
Moisture

equivalent
%

Hygroscopic 
w ater (%)

Soil m oisture content <%)
Depth
(cm) Coarse 

sand %
Fine
sand
(%)

Silt &
d a y  % January March July

Sep­
tem ber

M ound 0— 5 12 55 33 12.08 2.16 2.5 1.8 1.5 1.2
b o d y 5— 20 12 49 39 11.10 2.07 5.7 3.7 2.9 1.6

20— 50 15 36 49 10.80 2.03 2.3 3.8 3.2 2.1

B elow 0— 25 25 57 18 8.38 1.72 1.6 3.4 1.7 1.4
th e 25— 50 33 45 22 8.26 1.63 8.7 7.0 6.8 4.1

m o u n d 50— 75 49 36 15 6.01 1.66 14.4 9.0 9.2 4.3

75— 100 57 33 10 5.74 1.56 9.6 8.5 8.9 5.3

B etw een 0— 2 36 46 18 4.82 1.00 3.6 1.3 1.4 1.4

th e 2— 25 29 55 16 4.01 0.98 10.6 4.9 2.3 2.4

m o u n d s 25— 50 35 49 16 4.15 0.96 10.1 6.2 5.4 3.7

50— 75 37 38 25 4.55 1.46 8.7 10.5 8.6 5.5

75— 100 48 26 26 5.01 1.84 12.1 10.0 9.5 7.7
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T h e m oisture  eq u iv a len t values decrease steadily  as th e  d e p th  increases in 
th e  m ound body  and  below it .  M ore or less hom ogeneous v alues are  observed 
a t  d ifferen t dep ths in  th e  soil b e tw een  the  m ounds.

d) So il moisture content

E x am in a tio n  of T ab le  1 rev ea ls  th e  following:
(1) The soil m o istu re  c o n te n t decreases a t th e  v a rio u s lay ers  b y  th e  ad v en t 

o f th e  d ry  season, reach ing  low  levels in  Septem ber, (2) considering  th e  hyg ro ­
scopic M ater non -availab le , th e  m o u n d  body co n ta in s av a ilab le  m oisture  a t  
d e p th  of 20— 50 cm  alm ost all th e  y e a r  round , a t a d e p th  o f 5— 20 cm  during  
th re e  seasons and  a t  a d ep th  o f 0— 5 cm  during the  ra in y  season only , (3) th ere  
is am ple  supp ly  of w a te r to  th e  p la n t  a t  deep layers below  th e  m ound  body 
d u rin g  th e  w hole yea r, (4) a t  deep lay ers , th e  soil m o istu re  c o n te n t is higher 
in  soils betw een th e  m ounds th a n  below  th e  m ound b o d y  b y  th e  end of th e  
d ry  season, a phenom enon a t t r ib u te d  to  rap id  dep le tion  o f w a te r  below  th e  
m ound  body by  absorb ing  ro o ts .

e) Total soluble salts

I t  is rem ark ab le  th a t  th e  p la n t  s tud ied  grows in  soils v a ry in g  MÛdely 
in th e ir  salt c o n ten t. How 'ever, th e  p la n t is p rosperous an d  dom ina tes th e  
v eg e ta tio n  in less-saline h a b ita ts . A glance a t Tables 2 an d  3 reveals  th a t  th e  
a m o u n t of th e  to ta l  soluble sa lts  in  th e  m ound b o d y  ran g es from  13.3 to  
25 .5%  in th e  h igh ly  saline h a b i ta t ,  an d  from  1.1 to  3 .5%  in  th e  less-saline 
h a b ita t .  This shows th e  wide ran g e  o f sa lin ity  u n d e r w hich th e  p la n t grows. 
As regards th e  v e rtic a l d is tr ib u tio n  o f salts, th e y  a re  h ig h er in  th e  m ound 
bo d y  th a n  betw een  th e  m ounds in  b o th  h ab ita ts . Below  th e  m ound , in th e  
less saline h a b ita t , th e  sa lts in c rea se  from  0.8%  a t  a d e p th  o f  0— 25 to  2 .2%  
a t  a d ep th  of 75— 100 cm. B etw een  th e  m ounds, th e  sa lt c o n te n t is low er th a n  
in  th e  m ound body.

f) A n io n s

Chlorides a re  th e  d o m in an t an ions in  the  tMro h a b ita ts  an d  th e ir  am oun t 
decreases by  th e  increasing  d e p th  in  th e  m ound b o d y , ran g in g  from  468 to  
241 m g/100 g in th e  less-saline h a b i ta t  and  from  418 to  7896 m g/100 g in th e  
h igh ly  saline h a b ita t  (Tables 2 an d  3). Below the  m ounds, th e  ch lo ride co n ten t 
is low er th a n  in  th e  m ound  b o d y , b u t  s ligh tly  higher th a n  be tw een  th e  m ounds 
in  th e  less-saline h a b ita t .

S u lphates range from  128 to  336 mg/100 gm in  th e  less-saline h a b ita t  
an d  from  640 to  2760 m g/100 gm  in  th e  highly-saline h a b ita t .  T h ey  ex h ib it 
h ig h er values in  th e  m ound bo d y  th a n  below it in th e  la t te r  h a b ita t .
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Table 2

S o il analysis o f  sam ples collected fro m  successive depths in  the m ound body, below it 
and betiveen the mounds in  the less-saline habitat

Site
Depth
(cm) pH

T otal
sol.
salt
%

Anions 
(mg/100 gm)

Cations 
(mg/100 gm)

Total
car­

bona­
tes
(%)

Orga-
nie

carbon
(%)ci- so4 HCOj- N a + K + C a+ + Mg + +

M ound 0— 5 7.7 2.6 468 134 100 300 120 1.5 1.3 7.3 0.42
bo d y 5— 20 7.6 1.1 335 265 107 315 124 1.2 0.3 7.1 0.52

20— 50 7.7 3.5 241 128 153 235 125 1.4 0.2 6.3 0.54

B elow  th e 0— 25 7.5 0.8 228 336 122 151 87 1.4 0.3 8.0 0.40
m o u n d 25—  50 7.4 1.9 208 163 97 118 82 1.2 0.8 8.3 0.41

50— 75 7.4 1.3 345 130 76 290 125 1.1 0.4 7.2 0.15
75— 100 7.3 2.2 304 208 61 375 116 1.4 0.7 7.8 0.28

B etw een 0— 25 7.2 0.4 133 143 96 98 48 0.9 0.2 7.5 0.25
th e 25— 50 7.2 0.6 133 200 96 95 44 1.1 0.2 7.8 0.17
m o u n d s 50— 75 7.1 3.0 359 196 46 250 129 2.1 0.9 7.6 0.19

75— 100 7.1 2.2 382 223 61 350 118 3.8 1.9 7.8 0.29

Table 3

So il analysis o f  sam ples collected fro m  successive depths in  the m ound body4 below it 
and between the mounds in the saline habitat

Site
Depth
(cm) pH

T otal
sol.
salt
%

Anions 
(mg/100 gm)

Cations 
(mg/100 gm)

Total
car­

bona­
tes
(%)

Orga-
nie

carbon
(%>Cl- SOj- HCO5- N a+ K  + C a+ + M g+ +

M ound 0— 5 8.1 25.5 7896 2360 458 663 252 32.0 40.5 2.7 0 .2 0

b o d y 5—  20 8.1 13.3 4189 2760 458 313 119 33.3 39.3 2.4 0.40

B elow  the 0— 25 8.2 3.9 950 1880 305 50 11 12.5 15.3 1.7 0.04

m o u n d 25— 50 8.0 3.9 1065 680 305 69 16 10.0 3.5 2.4 0.05

50— 75 8.1 3.3 898 640 305 75 16 6.5 3.0 2.6 0.05

75— 100 1.2 5.5 1775 720 305 106 39 9.5 6.5 3.0 0.20

B etw een 0— 25 8.0 6.5 2059 2960 305 94 29 26.8 25.3 8.4 0.30
th e 25— 50 7.5 4.0 959 2040 458 80 14 18.0 7.8 8.3 0.04

m o u n d s 50—  75 7.0 2.4 746 760 610 50 14 6.0 0.5 8.3 0.06

75— 100 7.5 4.6 1180 2160 305 69 15 17.5 5.5 9.2 0.12
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T he b ica rb o n a te  c o n te n t is h igher in  th e  h igh ly -saline h a b ita t  (305 to  
458 m g/100 g) th a n  in  th e  less-saline h a b i ta t  (61 to  153 m g/100 g). B icarb o n a tes  
a re  h igher in th e  m ound b o d y  th a n  below  th e  m ounds in  th e  tw o h a b ita ts . 
B etw een  th e  m ounds, th e  b ica rb o n a te  c o n te n t is very  low  in th e  less-saline 
h a b ita t ,  b u t  w ith  considerab le  values in  th e  saline h a b ita t  (305— 610 m g/100 g).

g) Cations

Sodium  is th e  d o m in a n t ca tio n  in  all sam ples s tu d ied  (Tables 2 an d  3). 
I t  has h igher values in  th e  m o u n d  bo d y  th a n  below i t  or b e tw een  the  m ounds. 
In  th e  m ounds, its  am o u n t ranges from  235 to  315 m g/100 g in th e  less-saline 
h a b ita t  and  from  313 to  663 m g/100 g in  th e  h ighly-saline h a b i ta t .  I t  is re m a rk ­
able th a t  th e  sodium  c o n te n t below  and  betw een  the  m ounds is higher in  th e  
less-saline th a n  th e  h ighly  saline h a b ita t .  P o tassiu m  c o n te n t is low er th a n  th a t  
o f  sodium , h u t it  shows th e  sam e tre n d  as sodium  in th e  v a rio u s  sites. T he 
calcium  ion is very  low in th e  less-saline h a b ita t  com pared  to  th a t  in th e  
h ig h ly  saline one, rang ing  from  0.9 to  3.8 m g/100 g in  th e  fo rm er h a b ita t  an d  
from  6 to  33.5 m g/100 g in  th e  la t te r .  C alcium  exhib its a m ore  or less hom o­
geneous d is tr ib u tio n  in th e  m ound  body  an d  below it in th e  less-saline h a b ita t ,  
h u t  i t  is h igher in  th e  m ound  bo d y  th a n  below  i t  in  th e  h igh ly -sa line  h a b ita t .  
M agnesium  co n ten t is v e ry  low  in  th e  less-saline h a b ita t  (0 .2— 1.9 m g/100 g), 
b u t  i t  show s h igh  values in  th e  h igh ly -saline h a b ita t  (0.5— 40.5 mg/100 g). 
I t  ex h ib its  n ea rly  th e  sam e tre n d  as calcium .

h) Total carbonates

T he ca rb o n a te  co n ten t ca lcu la ted  as calcium  ca rb o n a te  in  th e  m ound  
bo d y  and  below  i t  is m uch h ig h er in  th e  less-saline h a b ita t  (6 .3— 8.3% ) th a n  
in  th e  h ighly-saline h a b ita t  (1 .7— 3% ). T h e  vertica l d is tr ib u tio n  of th e  to ta l  
c a rb o n a te s  is a lm ost hom ogeneous in b o th  cases. Betw een th e  m ounds, th e  
c a rb o n a te s  are  h igher in th e  h igh ly -saline h a b ita t  th a n  in  th e  less-saline one.

i) Organic carbon

T he values of th e  o rgan ic  carbon  c o n te n t are h igher in  th e  less-saline 
(0.15— 0.52% ) th a n  in th e  h igh ly -sa line  h a b i ta t  (0.04—0.4 % ). In  b o th  cases, 
th e  h ig h est o rganic carbon  c o n te n t is observed  in  th e  m ound b o d y .

j)  p H  value

In  general, th e  pH  values in  all sites a re  on th e  a lkaline side. H igher pH  
values are observed  in  th e  h igh ly -sa line  h a b i ta t  th a n  in th e  less-saline h a b ita t .
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R oot stud ies

R oot system s of Lim oniastrum  w ere s tud ied  a t  th e  successive stages of 
m ound  fo rm atio n  in  th e  less-saline h a b i ta t  (Fig. 3). T h e  young in d iv id u a l, 
10 cm  high, grows on th e  level g round w ith o u t any  san d  accum ulation . T he 
ro o t of th is  p la n ts  ex ten d s  ab o u t 60 cm  deep in to  th e  soil, w ith  only a few 
fin e  superfic ia l an d  deep la te ra ls  ex ten d in g  20 cm on b o th  sides. The g ro w th  
o f th e  p lan t goes h an d  in h and  w ith  th e  accum ula tion  o f soil m ateria l a round  
th e  body  of th e  p la n t. M ore la te ra l long  roo ts are p ro d u ced  w ith  a la te ra l  
ex tension  of 1 m . A sm all m ound, 5 cm  h igh , is form ed a t  th is  stage. F u r th e r  
g row th  of th e  p la n t is accom panied  by  an  increase of th e  m ound  size and th e  
b u ria l o f old shoo ts a n d  th e  fo rm atio n  o f ad v en titio u s  roo ts. More la te ra l 
ro o ts  w ith  m ore la te ra l  ex tension  are  fo rm ed  a t  th is  s tag e . C ontinuous g ro w th  
o f  th e  p la n t an d  su b seq u en t sand  accu m u la tio n  an d  in c rease  of th e  m ound  
b o d y  are accom pan ied  b y  obvious changes in  th e  ro o t sy stem . In  the  m a tu re  
m o u n d , 50 cm  h igh  an d  120 cm in d iam e te r, th e  m ain  ro o t system  becom es 
th ic k  and i t  b ran ch es in to  num erous long la te ra ls  ex ten d in g  h o rizon ta llv  
(140 cm) and v e rtic a lly  (80 cm ). N um erous ad v en titio u s  roo ts are p roduced  
in  th e  m ound body . Two ty p es of these  ro o ts  are  p ro d u ced : fine  tu fts  of sh o rt 
ro o ts  and long fib ro u s dense roo ts. T h e  fin e  sho rt ro o ts , produced in tu f ts ,  
a re  “ ephem eral ro o ts”  p roduced  d u rin g  th e  w et season  an d  which v an ish  
an d  lose th e ir  a c tiv ity  b y  th e  a d v e n t o f  sum m er. In  th e  w et season, th e  soil 
in  th e  m ound b o d y  has a re la tiv e ly  h igh  m oistu re  c o n te n t th a t  s tim u la te s  
th e  fo rm ation  of th ese  roo ts. This ty p e  o f roots does n o t ex tend  below  th e  
m ound  body. T he long ad v en titio u s  ro o ts  are  produced  from  th e  buried  stem s 
a n d  th ey  ex ten d  in  all d irections. T he ro o t system  of th e  m a tu re  p lan t ex ten d s  
la te ra lly  on b o th  sides for a d istance  o f 180 cm and  v e r tic a lly  for 80 cm  below  
th e  m ound body . T he huge num bers of th e  ad v en titio u s  ro o ts  co n trib u te , to  a 
g rea t ex ten t, to  th e  to ta l  w a te r in ta k e  of th e  p la n t. I t  is to  be no ted  th a t  a t  
all stages of g ro w th  th e  ro o t/sh o o t ra tio  is h igh an d  i t  increases by  th e  aging 
o f th e  p lan t.

The s tu d y  o f th e  ro o t h a b it  o f a species grow ing u n d e r  d ifferen t co n d i­
tions is of g rea t im p o rtan ce  as an in d ic a to r  of p la n t-w a te r  an d  soil re la tio n sh ip s  
(B a t a n o u n y  an d  Za k i , 1969). As is c lear from  th e  foregoing  resu lts, th e  p la n t 
grows in  h igh ly  saline h a b ita ts  w ith  a shallow  saline w a te r- ta b le  (60 cm deep). 
F ig . 4 shows th e  ro o t system  of L im o n ia stru m  grow ing in  th is  h a b ita t. T h e  ro o t 
system  of th is  p la n t  is w idely  d iffe ren t from  th a t  o f a p la n t  grow ing u n d e r 
less-saline cond itions. T he s tu n te d  p la n t g row th  w ith  a sm all num ber o f shoo ts 
form s a low m ound , less th a n  20 cm h igh . T he roo t sy s tem  is rep resen ted  by 
a th ick  m ain  ro o t p e n e tra tin g  th e  soil obliquely  an d  producing a lim ited  
n u m b er of la te ra ls . T he m axim um  d e p th  is 50 cm , b u t  roo ts ex tend  h o rizo n ­
ta lly  for a d is tan ce  of 2 m . I t  is ev id en t th a t  th e  p resence  of a high ground-
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Fig. 3. T he ro o t system s of Lim on iastrum  m onopetalum  p lan ts  a t  th e  successive stages o f  m ound form ation  b y  th e  p lan t
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w ate r level h in d ers  th e  g row th  of th e  ro o t sy stem  ( K o l e s n ik o v , 1971 an d  
Za y e d , 1973). H ig h  sa lin ity  causes an  osm otic stress  w hich reduces th e  w a te r  
av a ilab ility  and  th u s  h inders th e  p roduction  o f ad v en titio u s  roo ts.

Secreting glands in  L im oniastrum

L im on iastrum  m onopetalum  has tw o ty p es o f g lands d iffering  in  s tru c tu re , 
d is trib u tio n  an d  fu n c tio n . T hese glands are  th e  chalk  (sa lt) g lands and  th e  
m ucilage g lands.

Chalk (salt) glands

S alt g lands h a v e  been described by  m an y  in v es tig a to rs  in  th e  n in e te e n th  
cen tu ry  (D e B a r y , 1977; V o l k e n s . 1884; Ma r l o t ii , 1887). T hese stud ies w ere 
followed by S ch t sc he rb ack  (1910), R u h l a n d  (1915), D e F r a in e  (1916), an d  
recen tly  by  A risz  e t al. (1955), Z ie g l e r  and  L üttge  (1966) and  L üttge

(1971).
The sa lt o r chalk  glands in  L im oniastrum  monopetalum  a re  p resen t on 

b o th  surfaces o f th e  leaves (F ig . 5) as well as on th e  y oung  stem s (F ig . 6). 
T h e  average n u m b e r of g lands is 2315/cm 2 on th e  low er su rface  o f th e  lea f 
an d  1955/cm2 on th e  u p p e r surface. In  th e  p la n t grow ing  u n d e r h igh ly-saline 
conditions, th e  n u m b e r of g lands is 2406/cm 2 on th e  low er su rface  and  1979/cm2 
on th e  up p er su rface . I t  is rem ark ab le  th a t  th e  le a f  area  varies w idely  in  d iffer­
e n t h a b ita ts , be ing  108 m m 2 in  th e  h ighly-saline h a b i ta t  an d  196 m m 2 in th e  
less-saline h a b ita t .  In  p la n ts  tra n sp la n te d  to  th e  g a rd en  an d  u n d e r low sa lin ity  
an d  ad eq u a te  m o is tu re  supp ly , th e  lea f area is 205 m m 2, hav ing  1759 gland/cm 2 
on th e  low er su rface an d  1373 g land /cm 2 on th e  u p p e r  surface. I t  is to  be no ted  
th a t  th e  n u m b er o f  g lands is m uch fewer th a n  th a t  of th e  s to m a ta .

T he chalk  g lands in  Lim oniastrum  are depressed  below  th e  level of th e  
epiderm al surface (F igs 5, 6 and  8). This fac ilita tes  th e  re te n tio n  of th e  excreted  
m ass of lim e, w hich  d isap p ear by  th e  add ition  of HC1 to  th e  leaf. V olkens  
(1884) claim ed th a t  th e  physio logical significance o f these  ch a lk y  excretions 
is th e  p ro tec tion  ag a in s t excessive tra n sp ira tio n .

The s tru c tu re  o f  th ese  g lands was in co rrec tly  described  by  V olkens  
(1884) as consisting  o f 8 cells su rrounded  b y  4 “ N ebenzellen” . B a t a n o u n y  
(1973) found th a t  th e  g land  is form ed of 12 cells su rro u n d ed  by  4 subsid iary  
“ N ebenzellen” . T h e  tw elve  secre to ry  cells a rran g ed  in  groups of four cells 
each, separa ted  b y  th in  w alls a t  r ig h t angles to  each  o th e r an d  p e rp en d icu la r 
to  th e  surface (F ig . 7). T he four subsid iary  cells su rro u n d  th e  secre to ry  cells. 
A p it is s itu a ted  on th e  to p  of th e  g land  and is su rro u n d ed  by  a tran sv e rsa l 
opening on th e  le a f  surface. T he tw elve  g landu la r cells have  ex trem ely  th in  
w alls, excep t, to  a s lig h t e x te n t, th e  walls a d jacen t to  th e  base  o f th e  gland.
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Fig. 5. T . S. in L im oniastrum  monopetalum  lea f  show ing th e  depressed  chalk  g lands on  b o th
surfaces

Fig. 6. T. S. in Lim on iastrum  monopetalum  s tem  show ing th e  depressed  chalk  g lands on th e
epiderm is

T h e g landu lar cells lack  cen tra l vacuoles and  h av e  a g ran u la r cy to p lasm  and  
large  nuclei. T he o u te r  walls o f th e  subsid ia ry  cells are  s tro n g ly  cu tin ized . 
A lso, th e  u p p er sides o f  th e  g land  an d  th e  neighbouring  ep iderm al cells are 
covered  by  a th ic k  cuticle. A rig id  s tru c tu re  enclosed by  cu tin ized  walls is 
form ed below th e  le a f  ep iderm is in  w hich th e  g land  is firm ly  in se rted  (Fig. 8).
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Fig. 7. Surface v iew  of th e  chalk  g lan d  of Lim oniastrum  monopetalum . N ote  th e  a rran g em en t 
o f th e  secretory  cells a n d  th e  tran sv ersa l opening of th e  g land

F ig. 8. A p a r t  of a T .S . in  L im oniastrum  m onopetalum  leaf show ing th e  depressed  g lands below 
th e  ep iderm al level. N o te  th e  cu tin iza tio n  a ro u n d  th e  gland

M ucilage glands

T he m ucilage glands in  d iffe ren t L im o n iu m  spp . were s tu d ied  b y  D e 
F r a in e  (1916). In  L im oniastrum , th e se  g lands occur a t  th e  base of th e  lea f 
sh ea th , on its  u p p e r surface in c o n ta c t w ith  th e  stem . In  th e  o th e r  low er 
(ou ter) surface, th e re  are  chalk g lands. T he m ucilage glands occur a b u n d a n tly
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F ig . 9. T. S. in the b asa l p a r t  o f th e  leaf shea th  of L im o n ia stru m  monopetalum  show ing the  
m ucilage g lands ra ised  above th e  u p p e r epiderm is

Fig. 10. S urface  v iew  of th e  m ucilage g land  of Lim on iastrum  monopetalum
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a t  th e  ex trem e base of th e  lea f sh e a th  and  decrease u p w ard s, to w ard s  th e  leaf, 
till th e y  are  replaced by  chalk  g lands.

T he m ucilage g lands are ra ised  above the  epiderm is, on a b ase  consisting 
o f a few s to u t cells (F ig . 9). T he sec re to ry  cells v a ry  in  n u m b er an d  th ey  are 
p rism a tic , co lum nar or concial in  shape . They have  v e ry  th in  w alls and  are 
v e ry  rich  in cy top lasm . T he g la n d u la r  cells are enclosed b y  large non-secre ting  
su b sid ia ry  cells. T he en tire  gland is encased  in  a cu tin ized  layer. T h e  m ucilage 
gland has a c ircu lar o r oval o u tline  in  th e  superior view  (Fig. 10).

D iscu ssion

Lim oniastrum  m onopetalum  is a salt-secreting  h a lo p h y te . T h e  area in 
w hich th e  p lan t grows has an  a t te n u a te d  subdesertic  c lim a te . T he p la n t  has a 
lim ited  geographical d is tr ib u tio n , b e ing  rec tric ted  to  p a r tic u la r  a reas  in the 
W este rn  M editerranean  coasta l zone o f  E g y p t. Being endow ed w ith  special 
ch a rac te ris tic s , th e  p la n t is ab le  to  fo rm  m ounds. T h e  fo rm atio n  o f  these 
m ounds has m any ecological consequences. T he soil p ro p ertie s , b o th  physical 
and  chem ical, are w idely d ifferen t in  th e  m ound body, below  i t  a n d  betw een  
th e  m ounds. Such v a ria tio n  is re flec ted  on th e  p la n t-w a te r  an d  soil re la tio n ­
sh ip . A ccum ulation  of soil m a te ria l a ro u n d  th e  p lan t bo d y  s tim u la te s  th e  p ro ­
d u c tio n  of ad v en titio u s roo ts w hich p a r tic ip a te  to  a g rea t m easure  in  w ate r 
a b so rp tio n  b y  th e  p lan t. In  th e  ra in y  season, th e  m o istu re  in  th e  m o u n d  body 
s tim u la te s  th e  p roduction  of very  f in e  tu f ts  of short ad v en titio u s  ro o ts . These 
ro o ts  are  o f ephem eral n a tu re , i.e. th e y  v an ish  by th e  a d v e n t of su m m er. The 
long fib ro u s ad v en tito u s ro o ts  are  n u m ero u s and  p e rm an en t, and th e y  re p re ­
sen t th e  m ain  absorb ing  system  o f th e  p la n t. T hey  ex tend  in  d iffe ren t d irec tions 
for long d istances in and  below th e  m o u n d  body. S alin ity  h inders th e  p ro d u c ­
tio n  o f ad v en titio u s  roo ts, hence p la n ts  grow ing in very  saline h a b ita ts  p roduce  
no a d v e n titio u s  roots.

T h e  p la n t, w ith  a p o te n tia l a b ility  to  form  m ounds, causes th e  rise  of 
th e  g round  level; consequen tly , th e  g round  w ater level becom es deeper. 
Coalescence o f th e  m ounds resu lts  in  e lev a tio n  of the  g round  level above  th e  
com m on level of th e  su rround ing  m arshes. T he p lan t occupies e lev a ted  belts 
b o rd erin g  th e  sa lt m arshes. T his leads to  a decrease of sa lin ity , and  u su a lly  
th e  lan d  occupied by L im oniastrum  in  th e  M editerranean  coasta l-zone is c u lti­
v a te d  b y  barley , ind ica ting  th e  im p o r ta n t role of th is p la n t in  rec la im ing  th e  
soil. T h e  new ly trap p ed  soil m a te ria l am ong  th e  in trica te  b ran ch es o f th is  p la n t 
is f in e  in  te x tu re  and  easily  p en e trab le . M oreover, th e  im p reg n a ted  dead  
v e g e ta tiv e  p a rts  in  the  m ound  body  en rich  th e  soil w ith organic m a tte r .

T he p la n t has chalk  (sa lt) and  m ucilage glands. T he chalk  g lands are 
p re sen t on th e  leaves and on th e  young  s tem s, while the  m ucilage g lands occur
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a t  th e  base of the  le a f  sh e a tli  on th e  upper ep iderm is. B o th  ty p e s  of gland 
d iffer as regards d is tr ib u tio n  on th e  p lan t body , s tru c tu re  an d  function .

T h e  salt-secretion  from  th e  chalk glands ap p e a rs  on th e  le a f  surface as 
w h itish  tubercles, w h ich  d isa p p e a r by  the  ad d itio n  of drops of hydrochloric 
ac id . T hrough  th e  a c t iv i ty  o f  th ese  glands, th e  p la n t  lib e ra tes  excess salts in  
th e  p la n t body. In  a fu tu re  s tu d y , th e  secretion o f th ese  g lands w ill be in v esti­
g a te d  under lab o ra to ry  co n d itio n s. The presence of these  secretions on th e  
su rface  of the tra n sp ir in g  o rgans m ay be a m echan ism  b y  w hich th e  p lan t 
reduces i t  w ater e x p e n d itu re . T he nex t p ap er o f th is  series w ill deal w ith th e  
w a te r  relations of th is  p la n t .  I t  is p robably  th a t  th e  m ucilage secreted  by  th e  
m ucilage glands p lay  a ro le  in  th e  w ater re la tio n s of th e  p la n t studied . The 
sec re ted  m ucilage ab so rb s th e  a tm ospheric  h u m id ity  and  th e  p la n t m ay b en efit 
from  th is  m oisture.
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TETRAZYGIOPSIS, GÉNERO NUEVO DE LAS 
ANTILLAS Y EL GÉNERO TETRAZYGIA L. C. 

RICH. (MELASTOMATACEAE) EN CURA
B y

A. B o r h id i

BOTANICAL GARDEN O F T H E  L. EÖTVÖS UNIV ERSITY , BU DA PEST 

(R eceived: D ecem ber 20, 1976)

T he p re sen t study  co n ta in s a tax o n o m ic  revision of th e  C uban  ta x a  of th e  genus 
Tetrazygia L. C. Rich, with th e  d e sc rip tio n s  of 3 species, 2 v a rie tie s  a n d  3 com binations 
new  to  science and  a new an a ly tic a l key . T his revision led to recognize a new  A n tillán  
genus d iffering  from  Tetrazygia in  th e  s tru c tu re  o f th e  calyx. T he new  genus is nam ed  
Tetrazygiopsis an d  includes 2 sec tio n s  a n d  8 species.

D u ran te la  realizáción de la  rev is io n  taxonóm ica  de las espécies cubanas 
del género Tetrazygia  L. C. R ich , m e  llam ó el atención , que algunas espécies 
de este  género te n ia n  una e s tru c tu ra  del cáliz d iferen te  de la  que  està  descrita  
с о т о  ca rac te r genérico. P a rtic u la rm e n te  en  las espécies Tetrazygia brachycentra 
(G riseb .) T rian a , T . laxiflora  N au d . y  T . ekm an ii U rb. ob serv ab a , que  el cáliz 
tie n e  lóbulos ex terio res bien d esa rro llad o s , po r lo com un n o ta b le m e n te  m ás 
largos que los in ferio res. E sta  c a ra c te r is tic a  no es propria  del género Tetrazygia  
n i del M iconia . D espués de h a b e r  rev isad o  todas las espécies a n tillan as  del 
género  Tetrazygia, encontre, que  8 de estas tienen  la m ism a ca rac te ris tic a  
a jen a  al género Tetrazygia. Merece m en cio n ar, que esta c a ra c te ris tic a  y a  h ab ia  
im p res in o n ad o  a m uchos de los a u to re s  del siglo pasado, p o rq u e  la  m ay o ria  de 
e sta s  8 espécies e ran  descritas b a jo  o tro s  géneros (G raffenrieda. Calycogonium  
y  Pachyanthus), p a ra  los son c a ra c te ris tic o s  los lóbulos ex te rio res  del cáliz 
b ien  desarro llados. B asandom e en u n a  rev ision  co m p ara tiv a  y  cu id ad o sa  llegué 
a la  conclusion, q u e  las espécies l is ta d a s  m as abajo , no pueden  p e rten ece r al 
género  Tetrazygia, sino para ellas h a y  q u e  c rear un género n u ev o , 10 que 
querem os d en o m in ar Tetrazygiopsis, y  que  es de considerar un  género endém ico 
de las A ntillas.

E l género se d iv ide en dos secciones: L a  sección Tetrazygiopsis se d istigue  
p o r sus flores 4-m eras y  ovarios 3-(4 )-locu lares, m ien tras la sección Pachyanthop- 
sis  se reconoce po r sus flores 5-m eras y  ovarios 5-loculares. A la  sección Tetra­
zyg iopsis  pe rten ecen  6 espécies, de las  3 son endém icas en C uba, 1 en Ja m a ic a , 
1 en  P u e rto  R ico, y  una tiene m a y o r d is trib u c ió n  en las A ntillas M ayores y  
M enores. A la sección Pachyanthopsis p e rten ecen  2 espécies; am b as son en d é­
m icas de E spano la .

La descripciôn y  la clave a n a litic a  del género son las sigu ien tes:
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T etrazygiopsis gen . n.

F ru tices  vei a rbo res hum iles A n tillan i, foliis 3— 5-nerv is petio latis vel 
sessilibus, p lerum que s te lla to -p u b eru lis  vel lep ido tis , r a r i te r  g labris, inflores- 
cen tiis te rm in a lib u s p a n ic u la tis , p le rum que  m u ltiflo ris , tu b o  calycino su p ra  
o v ariu m  elongate  e t p ro d u c to , b re v ite r  lo b u la to  vel t ru n c a te , lobis dorso  
append ices subu la to s v e l filiform es, lobos ipsos p le ru m q u e  bene su p eran tes  
geren tib u s, petalis p le ru m q u e  4, r a r ite r  5, ob o v a tis  e t  o b tusis , s tam in ib u s 
8— 10 aequalibus vel in aeq u im ag n is , a n th e ris  lin ea rib u s vel oblongo-lanceolatis, 
apice un ipo ris , connectivo  ex ap p en d icu la to , ovario  3— 5-loculari, calyce sem i- 
co nna to , baccis 3— 5-locu la ribus, carnosis, lim bo calycis co ronatis insignes.

A genere p rox im o , Tetrazygia  L. C. R ich a rd  lobis ex terio rib u s bene evo- 
lu tis  clare  d iffert, e t p e r  banc  ra tio n em  c h a ra c te re  d ic to  a Tetrazygia  rec te  
sep a ra re  posse p e rsu asu s sum . A genere P achyanthus  A. R ichard  calycibus 
am pullifo rm ibus, su p ra  o v ariu m  elongatis e t p ro d u c tis , in florescentiis p a n ic u ­
la tis , p lerum que m u ltiflo ris , flo ribus 4— 5-m eris, ovario  p lerum que 3— 4- 
lo cu la ri sine dubio bene  d isc rep a t.

T ypus generis: Tetrazygiopsis brachycentra (G riseb .) B orh id i

1 a F lores 4-m eri; o v a riu m  3— (4)-loculare; folia m em b ran acea  vel cliar-
tacea  (sect. Tetrazygiopsis) ..................................................................................  2

b Flores 5-m eri; o v a riu m  5-loculare, folia coriacea (sect. Pachyanthopsis)
2 a Folia  sub tu s  g lab ra  vel g la b re s c e n t ia ............................................................. 3

b Folia su b tu s  l i ir su ta  vel s te lla to -to m en to sa  ............................................... 4
3 a Folia  sub tu s  g lab ra , fru c tu s  oblongus (E n d .: C uba: Cam ., Or.) . . . .

1. T. brachycentra
b Folia  su b tu s  ad  nervös sparse s te lla to -p u b e ru la ; fru c tu s  globosus 

(E n d .: Cuba: O r.: S ierra M a e s t r a ) ......................................2. T. ek m anii
4 a Caulis, in flo rescen tia  e t folia su b tu s  strig illoso-h isp ida (E n d .:

Jam aica) .......................................................................................... 3. T. hispida
b P la n ta  non h isp id a , folia su b tu s  dense s te l la to - to m e n to s a ................... 5

5 a Folia sessilia, b a s i co rd a ta , m arg ine c re n a ta  (H ispan io la , P o rto  Rico,
A ntilláé M in o re s ) ..................................................................4. T. crotonifolia

b Folia  longe p e tio la ta , basi o b tu sa  vel ro tu n d a ta ,  m argine in teg ra  
(E nd .: C uba: P R .,  LV., O r . ) ....................................................5. T. lax iflora

6 a F ru ticu lu s  30— 40 cm  a ltu s, fo lia, nerv is  tra n sv e rsa lib u s  sub rec tan -
gu laribus, su b tu s  fe rrug ineo -tom en tosa  (E n d .: H is p a n io la ) ................

6. T. tuerckheim ii
b F ru te x  1— 1.5 m  a ltu s , folia nerv is  tra n sv e rsa lib u s  acu tan g u la rib u s, 

sub tu s  f lav o -to m en to sa , baccae  edibiles, u sq u e  ad 2 cm longae
(E nd .: H is p a n io la ) .................................................................. 7. T. urbaniana
Obs.: Species n o n d u m  satis cogn ita : T. b iflora  e P o rto  Rico verisiini- 
lite r  hue p e r tin e t.
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I. Sectio Tetrazygiopsis

Foliis m em branaceis  vel ch a rtace is , flo rib u s 4-m eris, ovario 3— (4)- 
locu laribus.

1. Tetrazygiopsis braehyeentra (Griseb.) B o rh id i c. n.
B asionym on: Graffenrieda braehyeentra Griseb. P la n ta e  W rig h tian ae , pars I. M ém. A m er. 

A cad. Sei. Nov. Ser. 8 . 1860. p . 186. T y p u s: W r ig h t  191!
S y nonym a: Tetrazygia braehyeentra T rian a  in  T rans. L inn . Soc. 28. 1. 1871. — M icon ia  

braehyeentra M aza. C at. de las P e rian t. C uban. Anal. Soc. E sp . de H ist. N at. 19. 1890. p. 67.
2. Tetrazygiopsis ekmanii (U rb.) B orhid i c. n.

B asionym on: Tetrazygia ekmanii U rb a n  in  F edde’s R e p e rt. 22. 1926. p . 222. T y p u s: 
E km an  14 862!
3. Tetrazygiopsis hispida (Sw.) B orhid i c. n.

B asionym on: M elastom a hispida S w artz  P ro d r. 1788. p . 72.
Synonym on: Tetrazygia hispida M acfadyen  Ja m . I I .  1850. p . 58.

4. Tetrazygiopsis erotonifolia (Desr.) B orh id i c. n.
B asionym on: M elastom a erotonifolia D esr. in  L am arck  E ncycl. 4. 1797. p. 43. 
Synonym on: Tetrazygia erotonifolia DC. P rodr. 3. 1828. p. 172.

5. Tetrazygiopsis laxiflora (N aud.) B orhid i c. n.
B asionym on: Tetrazygia laxiflora N a u d in  in  A nnal. Sei. N a t. Sér. I I I .  15. 1851. p. 343. 
Synonym a: Tetrazygia elaeagnoides G riseb. in  Cat. P la n t. Cub. 1866. p. 98. non  DC. — 

M icon ia  rangeliana W rig h t in  Griseb. l.c. p . 99. T ypus: W r ig h t  2512! Cuba: P in a r del R io: 
R angel.
6. Tetrazygiopsis biflora (Cogn.) B orhidi c. n.

B asionym on: Calycogonium biflorum  Cogniaux in  J a h rb .  B o t. G art. u . Mus. B erlin  4.
1886. p . 276.

S y nonym a: Tetrazygia krugii C ogniaux in  DC. M onogr. 7. 1891. p . 719. — Tetrazygia  
biflora U rb a n  in  F e d d e ’s R ep ert. 17. 1921. p . 405.

II. Sectio P achyan thopsis  B orhidi sect. n.

F ru tices  foliis coriaceis, flo ribus 5-m eris, ovario  5-loculari.

7. Tetrazygiopsis tuerckheimii (Cogn.) B orh id i c. n.
B asionym on: Pachyanthus tuerckheim ii Cogniaux in  U rb a n  Sym b. A nt. 7. 1912. p . 314. 

T y p u s: T ü r c k h e im  3148.
Synonym a: Tetrazygia hum ilis U rb . e t E k m . in  A rk. f. B o tan ik  22 A No. 17. 1929. p . 31. 

— Tetrazygia tuerckheim ii E k m an  ex U rb . in  A rk . f. B o tan ik  23 A No. 11. 1931. p . 16.
8. Tetrazygiopsis urbaniana (Cogn.) B orh id i c. n.

B asionym on: P achyanthus urbanianus Cogniaux in  U rb a n  Sym b. A n t. 7. 1912. p . 313. 
T y p u s: T ü r c k h e im  3196.

S yn o n y m a: Tetrazygia  macrocarpa U rb . e t  E km . in  A rk. f. B o tan ik  22 A No. 17. 1929. 
p . 30. — Tetrazygia urbaniana  Croizat in  M oscoso  Cat. F lor. D om ing . 1943. p. 457.

E l género T etrazygia L. C. R ieh , en  Cuba

A rboles о a rb u s to s  escam osos; ho jas 3— 5-nerv ias; flores p equenas,
4— 6-m eras en p a n o ja s  о corim bos te rm in a les , b lancas о rosadas. E l tu b o  del 
cáliz estrechado  a co n tra id o  a rrib a  del ovario ; el lim bo 4— 6-lobulado о sub- 
tru n c a d o , lóbulos ex terio res del cáliz inconspicuos о ausen tes. P étalos 4— 6, 
obovados, ob tusos. E s tam b res  2 veces ta n to s  с о т о  los pé ta lo s, iguales о sub- 
iguales; filam en to s subu lados, an te ra s  lineales, poro  1, apical, conectivo  sin 
apéndices. O vario  2— 6-locular, sem i-ad h eren te ; estilo  encorvado , filiform e,
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estig m a p u n tifo rm e . B ay a  2— 6-locular, ca rn o sa , coronada por el lim bo del 
cáliz. 15— 20 espécies de las A ntillas y  G u ay an a .

Clave an a lítica  p a ra  las espécies cu b an as:

1 a  F lores 4 -m eras, ovario  2— ( 3 ) - lo c u la r ...........................................................  2
b F lores 5— (6)-m eras, ovario 3— 6 -locu la r .....................................................  3

2 a  H o jas  red o n d ead as  en el á p i c e ...................................... 1. T. e legáns U rb.
a a  H ojas de 3.5— 6 cm ., c u b ie rta s  p o r escam as am arillas, f im b riad as

l /а . var. e legáns
bb H ojas de 2— 4 cm. de largo , c u b ie rta s  por escam as de m argen

entero  ......................................................  1/b. var. cacum in is B orhidi
b H oj as a te n u a d a s  y  agudas en el áp ice  (E n d .: O r.: S ierra M aestra ). . .

2. T. u rceo lata  (U rb .) B orh id i
3 a  In d u m e n to  fe rrug ineo -estre llado , ovario  5— 6-locular (E n d .: LY:

S ierra de E s c a m b r a y ) ............................  3. T. au rea  H ow ard  e t Briggs
b In d u m e n to  b lanco-grisaceo  a p a rd u zco , ovario 3—4 - lo c u la r ................  4

4 a H oj as fu e rtem en te  re ticu lad o -v en o sas  y  estrcllado to m en to sas  en el
envés (C uba: P B ., IP .,  G u ay an a) 4. T. delicatula (A. R ich .) Borhidi 

b H ojas no re ticu lado -venosas, el envés e s c a m o s o ........................................ 5
5 a  L óbulos del cáliz tr ian g u la re s  y  agudos de 2— 3 m m . de largo , hojas

n itid a s , y  re ticu lad as  en el haz, el envés escam oso de escam as p e ltad as
m u ltira d ia d a s  (E n d .: O r.: S ierra  del C r i s t a l ) ...............................................

5. T. crista lensis B orhidi 
b L óbulos del cáliz redondeados a tru n c a d o s  hasta  de 1.5 m m . de largo;

ho jas m ay o rm en te  m ates y  no re tic u la d a s  en el h a z ............................... 6
6 a H ojas de 3.5— 6 cm. de largo, in flo rescencias de 2— 5 c m ..................... 7

b H ojas de 6— 14 cm. de largo , in flo rescencias de 6— 20 c m ................... 8
7 a Hoj as d en sam en te  albo-escam osas en  el envés, a veces callosas о 

b a rb u d as  en las axilas de los n e rv ios (E n d .: M ogotes de P R .) . . . .
6. T. lan ceo la ta  U rb.

aa  H ojas la rg am en te  acu m in ad as , b a y a  oblonga de 7— 8 m m . de
largo (E n d .: P an  de G u a ja ib ó n ) ...........  6 /a. ssp. lanceo lata

bb H ojas a te n u a d a s  en el áp ice, b a y a  globosa de 4 — 6 m m . de largo
(E n d .: S ierra  de la G ü i r a ) .................6/1». ssp. m in o r (U rb .) B orhidi

b H ojas g labrescen tes , sin callos о g rupo  de pelos en las ax ilas del envés 
(E n d .: O r.: Pico T urqu ino) ............................... 7. T. acu n ae  B orhidi

8 a  H ojas ferrug ineo- a pardo-escam osas en el e n v é s .................................... 9
b H ojas b lancuzcas a p la teado -escam osas en el e n v é s ................................. 10

9 a  H ojas coriâceas de 6—9 cm ., no h irsu ta s  en las axilas de los nervios
del envés (E n d .: P R .: C a ja lb a n a ) ............................  8. T. coriacea U rb.

b H ojas ca rtâceas  de 8— 14 cm ., n e rv ios la tera les h irsu to s  a barbudos 
en las ax ilas del envés (E n d .: O r.: M o a ) ..............9. T. b a rb a ta  B orhidi
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10 a H ojas de 6— 9 cm ., nervios p rim arios hund idos en el envés, inflores- 
cencia p au c iflo ra  de 6— 8 cm . (E nd .: P R .: S ierra  del R osario) . . . .

10. T. im pressa U rb.
b H ojas de 8— 14 cm ., nerv ios prim arios poco hund idos en el liaz, 

apenas prom inu los en el envés; inflorescencia m u ltif lo ra  de 10— 20 cm.
de largo (C uba, E spano la , Ja m a ic a , R aham as y  F lo r id a ) .....................

11. T. bicolor (Mill.) Cogn. 
aa  R am itas , peciolos e in florescencia  sin pelos largos ex tend idos . . .

11/a. var. bicolor
bb R am itas, peciolos e in florescencia  con pelos largos ex ten d id o s. . .

11/b. var. p a ten ti-se to sa  B orh id i

T etrazygia elegáns U rb . v a r. cacuniinis B orh id i v a r . n.

A typo  d ifié rt: foliis 2 .5 —4 cm  longis, sub tus lep id ibus m arg ine  in teg ris obsitis , inflo- 
re scen tiis  usque ad  2 cm  longis, fru c tib u s  3 — 3.5 m m  longis.

H olotypus: B uch er  140; Cuba: P rov . O rien te ; S ierra  M aestra , M ogote 
P eak , Pico T urqu ino . Leg.: C. G. B uch er  29. febr. 1930.

T etrazygia  u rceo la ta  (U rb.) B orhidi com b. n.

B asionym on: M iconia  urceolata U rban  in Sym b. A n t. 9. 1923. p. 116.

Adde ad  descrip tionem : lim bus calycis sub an thesi e t in  fru c tu  su p ra  ov ariu m  m anifeste 
e lo n g a tu s e t p ro d u c tu s , superne  am p lia tu s , lobi exteriores calycis tu b e rc u la ti, m in u ti, ovarium  
fru c tu sv e  quasi sem per 2-loculares. Sine dubio  Tetrazygia  ex  a ff in ita te  T. elegantis U rb ., 
a qua  foliis apice a tte n u a tis  e t acu tis , calycibus fru ctibusve  gibberoso-squam osis d iffert.

T etrazygia delicatu la  (A. R ieh.) B orhidi com b. n.

B asionym on: M iconia  delicatula  A. R ichard  in  L a S agra: H istó ria  Fis. 
P o l. N a t. de la  Isla  de Cuba X . 1845. p . 268. — S ynonym a: Tetrazygia elaeagnoi- 
des G riseb. in C at. P la n t. Cub. 1866. p . 98.

Adde ad  descrip tionem : lim bus calycis sub an thesi e t in  f ru c tu  su p ra  o v ariu m  m anifeste 
e lo n g a tu s et p ro d u c tu s , superne in fu n d ib u lifo rm iter e latus. O v ariu m  3-loculare.

Tetrazygia crista lensis Borhidi sp. n.

A rbor pa rv a . R am i h o rn o tin i te n u ite r  4 -angulati, lep id ibus p e lta tis , lanceo latis vel 
lin ea rib u s , m u ltirad ia tis , ferrugineis vel b runnescen tibus densissim e o b tec ti. Fo lia  1 — 2 cm 
longe p e tio la ta , petiolis basi 1.5 — 3 m m  crassis, convexis, supra  an g u ste  su lcatis, dense brunneo- 
lep id o tis  suffu lta , lan ceo la ta  vel ob longo-lanceo lata , basi o b tu sa  vel ro tu n d a ta ,  an tice  longe 
a cu m in a ta , apice ipso o b tu sa , 7 —14 cm  longa e t 2.5 — 4 cm la ta , basi tr in e rv ia  cum  nervis 
2 m arg in a lib u s, tran sv ersa lib u s in te r  sese 4 — 7 m m  rem otis, o m nibus sup ra  im pressis e t re ti- 
cu la to -an asto m o san tib u s, su b tu s te n u ite r  sed m anifeste p ro in inu lis, obsolete re ticu la to - 
venosis, supra  n itid a , in itio  sparse lep id o ta , m ox glabra e t obsolete p u n c ta ta , su b tu s lepidibus 
griseis vel p lerum que flavo-aerug inosis p e rm u ltirad ia tis  densissim e o b tec ta , dom atiis  nullis
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s u f f u l ta ,  m argine in teg ra , p lan a , coriacea . Inflo rescen tiae  te rm in ales  2 — 3 cm  longe pedun- 
c u la ta e ,  p an icu la  anguste  p y ra m id a ta , p au ciflo ra , 4 — 7 cm  longa, pedicellis 4 — 6 m m  longis. 
C a ly x  fru c tife r  9 — 14 m m  longue, lim bo  3 —4 m m  longo, u tr in q u e  lep id o to ; lobi 5, triangu lares, 
a c u ti ,  2 — 3.5 m m  longi, dorso c a r in a t i ,  ex append icu la ti. P e ta la  5, o b o v a ta , 6 — 7 m m  longa, 
b a s i  b re v ite r  s tip ita ta . S tam in a  10. O v a riu m  3-loculare. F ru c tu s  subglobosus non  pleno m atu ru s 
8 m m  longus, 6 m m  in  diam .

H o lo typus: C uba: P ro v . O rien te ; Sierra del C rista l, e n tre  Los Mulos y 
C orea, a it. aprox. 630. m .s .m . L eg.: M. L ópez F ig u e ir a s  (UO 279) 27—28. 
au g . 1958. SV! Iso ty p u s: SV!

T etrazyg ia  acunae  B orhidi sp. n.

F ru te x  vel a rbo r p a rv a . R a m i h o rn o tin i 4 -angu la ti, s tr ia ti , lep id ib u s griseis m inutis 
e t  ad p ress is  obsiti vel g lab rescen tes , v e tu s tio re s  te re te s , s tr ia t i  e t  dense len tice lla ti. Folia 
10 — 15 m m  longe p e tio la ta , lan c eo la ta  vel ob longo-lanceo lata , an tice  longe a cu m in a ta , apice 
ip so  a c u ta ,  basi ob tusa , 3 — 5.5 cm  longa  e t 0 .8—1.5 cm  la ta , e basi t r in e rv ia ,  nervis supra 
p a ru m  im pressis, sub tus p ro m in e n tib u s , la te ra lib u s a m argine 1 — 2 m m  rem o tis , transversa libus 
in te r  sese 2 —4 cm d is tan tib u s , su p ra  obsolete im pressis vel inconsp icu is, su b tu s  conspicuis 
n o n  p ro m in u lis nec re ticu la tis ; lam in a  su p ra  in  sicco nigrescens, ru g u lo sa , in it io  griseo-lepidota, 
m o x  g lab ra , ru g u lo so p u n c ta ta , su b tu s  pallid io r, griseo-lep ido ta  m ox g lab riu scu la , m argine 
in te g ra , ten u ite r  recurva, p e rg am acea . Inflo rescen tiae  0.5 — 1 cm  longe p e d u n cu la ta e , pauci- 
f lo rae , ip sae  1 — 2 cm longae, ped icellis  4 — 5 m m  longis. Calys fru c tife r  7 — 9 m m  longus, lim bus 
2 — 3 m m  longus, lobi 5, b re v ite r  tr ia n g u la re s , 1 — 1.5 m m  longi. S tam in a  10. F ru c tu s  globosus 
5 — 6 m m  in  diam ., 3-locularis.

H olo typus: A c u n a  19 452; Cuba: P rov . O rien te: S ierra  M aestra , Pico 
T u rq u in o . Leg.: J .  A c u n a  ju l. 1936. SV!

O bs.: E x  a ff in ita te  T . lanceolati U rb . e t T . m inoris  U rb . (am bae ex 
m o g o tib u s  prov. P in a r del R io) sed ab illis ram ulis 4 -an g u la tis , foliis nigrescen- 
t ib u s  e t  sub tus g labriuscu lis, non  dom atia tis , pergam aceis vel subchartaceis 
d iffe rt.

T e trazy g ia  ba rb a ta  B orh id i sp. n.

A rbor parva  usque ad  5 — 6 m  a lta . R am i h o rn o tin i crasse 4 -an g u la ti, lep id ibus m inutis, 
e llip tic is  vei lanceolatis, b ru n n e sce n tib u s , m argine f im b ria tis  dense obsiti, v e tu s tio re s  tere tes, 
g la b ri , te n u ite r  s tria ti. F o lia  p e tio lis  1 — 4 cm  longis, basi 2 — 2.5 m m  crassis, sup ra  canalicu- 
la t is ,  lep id o tis  suffu lta , lan c eo la ta  ve i o v a to -lanceo la ta , b asi o b tu sa  vei b re v ite r  an g u sta ta , 
a n tic e  longe acu m in ata , 6 — 11 cm  longa e t  2.5 — 4 cm  la ta , e b asi tr in e rv ia  cum  nerv is 2 m argi- 
n a lib u s  a m argine 0.5 — 1 cm  d is ta n tib u s , transv ersa lib u s in te r  sese 3 — 5 m m  rem otis, supra 
te n u i te r  im pressis, su b tu s b en e  p ro m in en tib u s , lam ina  su p ra  in  sicco obscure  v irid is, m inute  
g ran u lo so -m u rica ta , su b tu s lep id ib u s  ro tu n d is  vel sem iorb icu laribus, ra d ia tis ,  valde  adpressis 
in itio  subdense obsita, m ox g lab rescens, pallide flavo-b ru n n ea , basi in te r  nervös vel p lerum que 
e tia m  in  axillis n e rvorum  tra n sv e rsa liu m  ferru g in eo -d o m atia ta , m arg ine  in te g ra , p lana vel 
te n u i te r  recurva, ch artacea . In flo rescen tiae  term inales 4 — 6 cm  longe p ed u n cu la tae , ipsae 
5 — 8 cm  longae, pedicellis 1 — 2.5 cm  longis. C alyx 6 — 7 m m  longus, u tr in q u e  dense brunneo- 
le p id o tu s ; lim bus 5 -lobatus, lo b i sem iorbiculares, 0.5 — 1 m m  longi. P e ta la  5, a lb a , obovata , 
a n tic e  ro tu n d a ta , excisa vei a p ic u la ta , basi 1 m m  longe s t ip ita ta ,  6 — 8 m m  longa, u trin q u e  
p u lv e ru le n ta . S tam ina 10; f i la m e n ta  3 — 3.5 m m  longa, sub apice pau llo  a rc u a ta ;  an therae  
linea ri-lan ceo la tae , 5 — 5.5 m m  lo n g ae , non ap p en d icu la tae , apice 1-porae. S ty lu s 1 0 - 12 m m  
lo n g u s , apice b rev iter a t te n u a tu s  e t  cu rv a tu s . O varium  3-loculare. F ru c tu s  e llip ticus vel sub­
g lo bosus, usque ad  10 —12 m m  longus e t 6 —8 m m  in  diam .

H olo typus: L e ón  20 286! Cuba: P rov . O rien te ; P la y a  de Moa. Leg.:  
L e ó n , Clemente  e t H o w a r d  25. ju l. 1941. SV!, iso ty p u s: SV!
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Spécim , exam .: P inares de M oa, León 22 506! L eg.: L e ó n , Cl e m e n t e , 
A l a in  e t Cr isó g o ne , 3. aug. 1945; —  M oa, B u c h e r , 11 442 SV!; —  Y am a- 
nigiiey, Taco B ay , Leg.: M. L ópez  F i g u e ir a s , 12. ap r. 1960. UO 778 in  SV! 
— Ib idem  UO 2166 in  SV!

T etrazygia  b icolor (Mill.) Cogn. 
v a r. pa ten ti-se to sa  B orhidi v a r. n.

A typo  d iffert: ram is h o rno tin is, petio lis e t in flo rescen tiis longe p a ten ti-se tu lo s is .

H olo typus: A c u n a  19 461 SV! C uba: P rov . P in a r del R io, Cerro de C abras. 
L eg.: A c u n a  e t T orres  10. oct. 1954. —  Iso ty p u s: SV!

T etrazyg ia  lanceo la ta  U rb . ssp. m inor (U rb.) B orh id i com b. n.

B asionym on: Tetrazygia m inor  U rb an  in F e d d e ’s R ep ert. 22. 1926. 
p . 224.
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THE CELLULOSE SKELETON STRUCTURE IN 
SOME CELL TYPES OF THE GAMETOPHYTON OF 

MARCHANTIA POLYMORPHA L.
I. T H E  A B A X IA L  E P ID E R M IS  C ELLS, T H E  SM OOTH R H IZ O ID S , A N D  R H IZ O ID S  

W IT H  T U B E R C L E D  T H IC K E N IN G S  O F  T H E  C E L L  W A LLS

By

J . D ömötör-S z ilágyi  and  I . W o jn á r o v it s - H r a p k a

MÁTÉ ZALKA PRIM A RY  SCHOOL, BU DA PEST; CENTRAL RESEA RCH  AND D ESIGN  IN STITU TE FOR 
T H E  SILICATE INDUSTRY, BUDAPEST

(R eceived  S eptem ber 4, 1976)

T his s tu d y  p resen ts  th e  resu lts  of light-, p o lariza tio n - an d  scann ing  m icroscopical 
exam in atio n s o f th e  abax ia l ep iderm is cells, o f th e  sm ooth  rh izo ids, an d  of those  w ith  
tu b erc led  th icken ings o f th e  cell w all s tru c tu re  o f th e  g a m e to p h y to n  of M archanda  
polym orpha  L. D a ta  are fu rn ish ed  w hether in  ad d itio n  to  th e  d ifferences in th e ir  shape 
and  size, these  th ree  ty p es o f cells show differences w ith  resp ec t to  th e ir  sub- and light- 
m icroscopical s tru c tu re .

The ex am in atio n s show ed th a t  in the  case of th e  ab ax ia l ep iderm is cells an d  of the 
sm ooth  rh izo ids rem arkab le  differences occur in  th e  s tru c tu re  o f th e  various walls o f the  
sam e ty p e  of cells depending  on th e  side from  w hich  th e y  d e lim it th e  cell. The d a ta  on 
th e  grow th  an d  d iffe ren tia tio n  of th e  cell walls o f th e  basic p a r t  o f th e  ab ax ia l ep iderm is 
cells and  th e  tu b erc led  rh izo ids show th a t  th e  th ick en in g  shapes, w hich  are ch aracte ris tic  
of the  developed  cell wall, a p p ea r fa r before th e  fin a l cell size has been  reached . In  the  
an tic linal cell walls of th e  basic  p a r t  of th e  a b ax ia l ep iderm is cells, a n d  of th e  sm ooth  
an d  tu b erc led  rhizoids, a  m icrofib ril o rien ta tio n  p e rp en d icu la r to  th e  ho rizo n ta l p lane 
of the  th a llu s  is in d ica ted  b y  in d irec t ex am in atio n s . T his fa c t d em o n s tra tes  a m icro­
fib rilla tio n  p e rp end icu lar in re la tio n  to  th e  lo n g itu d in a l g ro w th  of th e  cells and  of the  
thallu s . In  th e  appendage p a r t  o f b o th  rh izoid  ty p es , th e  m icrofib rils app eared  to  be 
nearly  p a ralle l to  th e  lo n g itu d in a l axis of th e  appendage. The d em o n s tra tio n  of pecu liar 
m icrofibril o rien ta tio n s was m ade in the sm ooth  an d  tu b erc led  rh izoid  appendages 
w ith  a sinuous profile  (follow ing a helical course), an d  a t  th e  base of appendage of the 
sm ooth  rh izo ids (concentric), as well as in th e  tu b erc led  th ick en in g s of th e  cell wall 
(radial). T he scanning  e lectronm icroscopical ex am in a tio n s  of th e  y o u n g  sm ooth  rhizoids 
confirm ed th e  resu lts  of th e  in d irec t investigations.

Introduction

T he s tru c tu re  of th e  cell w all, co rrelated  w ith  th e  g row th  process, the  
function ing  o f th e  given cell, an d  w ith  th e  in fluence  of th e  a d ja c e n t cells, all 
o f w hich de te rm ine  th e  sh ap e  of th e  cell, is v e ry  ch a ra c te ris tic  o f th e  various 
typ es of th e  cells. F u rth e rm o re , w ith in  one single cell, th e  s tru c tu re  of th e  cell 
wall can  be d iffe ren t depend ing  on w hether i t  is a d ja c e n t to  a sim ilar, o r to  
a d ifferen t ty p e  of cell, or to  th e  ex te rn a l su rro u n d in g s (S m it h , 1972; F r i d - 
v a l s z k y , N a g y , 1966; F r id v a l s z k y , 1967).

In  th e  case o f  p lan ts  w ith  a cellulose cell w all s tru c tu re , reasonable  and  
v a lu ab le  in fo rm atio n  m ay be p rov ided  b y  th e  p o la riza tio n  m icroscopical ex am ­
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in a tio n  of those s tru c tu re s . T his celllulose cell w all is b iré frin g en t w ith  respect 
b o th  to  shape an d  sp ec ia lity . T he double  re frac tio n  o f th e  shape  o rig inates 
from  th e  a rran g em en t o f  th e  m icro fib rils, recognized also d irec tly  b y  th e  elec- 
tronm icroscope (F r e y - W y s s l i n g , M ü h l e t h a l e r  an d  W y c k o f f , 1948 and  
P r e s t o n , N icolai, R e e d  an d  Mil l a r d , 1948), as w ell as from  th e  a rran g e ­
m e n t o f th e  e lem en ta ry  fib rils  runn in g  along th e  len g th  o f th e  m icrofibrils 
—  period ically  reach ing  even  th e  crysta llic  level (m icell) —  ( F r e y -W y s s l i n g , 
1954; Mü h l e t h a l e r , 1960). T he special b irefringence o f th e  cellulose cell-w all 
on  th e  o th e r h and  o rig in a te s  from  th e  c ry s ta l- la ttic e  s tru c tu re  o f  th e  cellulose 
o f  a m onoclinous sy stem , w ith  tw o op tica l axes, an d  consisting  o f lin ea r  chain  
m olecules and d ecu rren t along th e  e lem en tary  fib rils  (S p o n s l e r  and  D o r e , 
1926; H erczog and  J a n c k e , 1928; Me y e r  and  Ma r k , 1930; Sp o n s l e r , 1931; 
A s t b u r y , 1933; fu r th e r , M e y e r  and Misc h , 1937). T he d irec tio n  o f th e  g rea te s t 
re fra c tiv e  index of th e  cellu lose cell w all skele ton  can  be  d e te rm in ed  by  w ay 
o f po la riza tio n  m icroscope. T hus in fo rm atio n  is p ro v id ed , beyond  th e  micells 
a n d  th e  degree o f m ice lla tio n , also on th e  p a tte rn  o f  cellulose m olecules 
(M e l l o r s , 1955; R u c h , 1956; F r e y -W y s s l i n g , 1957; an d  R o e l o f s e n , 1959). 
T h e  birefringence of th e  cell w alls can be increased  b y  d ichro ic  s ta in in g  ( R u c h , 
1956; R o e l o fs e n . 1959).

T he great v isual f ie ld  d ep th  o f th e  scanning  elec tronm icroscope —- cor­
re sp o n d in g  to  ab o u t h a lf  size of th e  exp erim en ta l o b jec t —  ( K imoto , 1972) 
affo rd s  th e  stereoscopic o b se rv a tio n  o f a large p a r t  o f th e  cell w all o f a given 
cell. A ccordingly th e  s ite  of th e  section  d raw n in to  ex am in a tio n  can  easily 
a n d  w ith  c e rta in ty  be id e n tif ie d . T he exam in a tio n s o f th e  cell w alls o f whole 
cells can  on th e  o th e r h a n d  show  clearly  also th e  m eans o f  co n jo in tm en t of th e  
in d iv id u a l sides. In  th e  case  o f a cellulose skele ton  c leared  o f m a trix  m ateria ls , 
th e  advance  of th e  cellu lose fib rils  in  space, an d  th u s  th e ir  possib le in te r tw in ­
in g , can  w ith c e rta in ty  be  c larified  by  m eans of th e  scann ing  electronm icroscop- 
ica l p ic tu re , to  be tra c e d  w ith  d ifficu lties even in  tran sm issio n  electron- 
m icroscopical p ic tu res.

M archantia  po lym orpha  L . has been  exam ined  b y  severa l researchers 
since  th e  last cen tu ry . T h e  cellulose s tru c tu re  o f th e  ty p e s  of cells occurring  
on  th e  v e n tra l surface o f  th e  lam ella r th a llu s  o f th e  g am eto p h y to n , an d  th e  
fo rm a tio n  process o f th e se  s tru c tu re s , th e ir  co rre la tio n  w ith  th e  course of 
g ro w th , th e  pecu larities o f  th e  d ifferen t functions o f th e  en tire  cells an d  of th e  
in d iv id u a l cell walls h a v e  n o t, how ever, been s tu d ied  so far. T herefo re  th is 
w ork  proposed to  ex p lo re  th e  cellulose skeleton  s tru c tu ra l ch a rac te ris tic s  of 
th e  ep iderm al cells on th e  v e n tra l surface of th e  dioecious g a m e to p h y to n  of 
M archliantia  polym orpha  L ., an d  also th e  ch a rac te ris tic s  o f  its  sm oo th  and 
tu b e rc le d  rhizoids w ith  reg a rd  to  th e  co rre la tions m en tioned  above.
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M ateria l an d  m ethod

The gam eto p h y to n s , irregard ing  th e ir  sex , of M archantia  p o ly m o rp h a  L., co n stitu tin g  
th e  su b jec t of our ex am inations, were co llected  in the  green-house o f th e  B o tan y  G ard en  of 
th e  E ö tv ö s  L oránd  U niv ersity , B u d ap est. I n  o rd e r to  m ake c u ttin g  m ore conven ien t, we fixed 
th e  th allu ses in a m ix tu re  of form alin , g lac ia l acetic  acid, alcohol an d  w a ter (W a r r in g t o n , 
1970), th e n  afte r rem oving these  m ate ria ls  in  w a te r , we processed th e  thallu ses in 40%  alcohol. 
F o r th e  m icroscopical and  po lariza tion  m icroscopical ex am inations o f th e  cell walls o f d iffer­
e n t positions occurring  in  th e  abax ial ep id e rm is , cross-sections a n d  long itu d in a l sections as 
w ell as abax ia l ep iderm is peels w ere p re p a re d  b y  hand . The p o sitio n  of th e  cells occupied  in 
th e  th a llu s  was exam ined  on processed  p re p a ra tio n s . These, p a r tly  s ta in e d  w ith  to lu id in e  blue 
u n d  p a r tly  un sta in ed , w ere coated  w ith  w a te re d  glycerine.

A

F ig . 1. Ske tch  of th e  grow ing apex of M archan tia  polymorpha  L. g a m e to p h y to n ; A =  grow ing 
a p ex ; C =  exam ined  cell: a =  d is tan ce  o f th e  exam ined cell (C ) from  th e  grow ing apex

F rom  th e  cell walls of th e  h a n d -m a d e  cross-sections an d  long itu d in a l sections, the  
p la sm a  and  m a trix  m ate ria ls  were rem o v ed  a t  90 °C by  m eans of a tr ie tan o am in e  tre a tm e n t.

A fter w ashing o u t w ith  w a ter, th e  cellulose skeleton of th e  cells becam e su itab le  for 
p o la riza tio n  op tica l ex am in atio n s (S c o t t  a n d  co-workers, 1956). In  a d d itio n  to th e  u n sta in ed  
p re p a ra tio n s , an d  in o rder to  increase th e  b irefringence of th e  cell w all, p a r t  o f th e  sections 
w ere s ta ined  w ith  chlorine-zinc-iodine ( F r e y , 1927), o thers w ere s ta in ed  w ith  1%  Congo red  
( W ä l c h l i , 1947; B u k o v in s z k y , 1969). T h e  covering of th e  p re p a ra tio n s  was m ade b y  m eans 
of w a te red  glycerine w hich  is o f re la tiv e ly  w eak  refraction .

T he p o lariza tio n  m icroscopic e x am in a tio n s  were carried  o u t b y  m eans of a J e n a  Z e is s - 
m a n u fa c tu re d  p o lariza tio n  m icroscope. F o r  th e  q u a lita tiv e  o b se rv a tio n s, f irs t  ra te  red  sheets 
w ere in serted .

F o r th e  scanning  e lectronm icroscopic  exam inations, s im ilarly  to  th e  po lariza tio n  m icro ­
scopic  p re p a ra tio n  m eth o d , fixed  an d  p u rif ie d  pieces of th e  th a llu s , a b o u t 3 x 3  m m  in  size, 
w ere p laced  on copper lam ellás of 5 X 5 m m  size, and dried  a t  28 °C for 48 hours, th en  th ey  
w ere fix ed  to  th e  copper lam ellás by  m ean s o f liqu id  m eta l-adhesive . In  th e  fu r th e r  p a r t  of 
th e  p re p a ra tio n , th e  m ate ria l u n d e rw en t v acu u m  evap o ra tio n  in  a 2 • 10- 5 hgm m  vacu u m  
an d  w as given a golden co at o f ab o u t 200 Â th ickness. The scan n in g  e lectronm icroscopic  ex­
a m in a tio n s  were m ade by  m eans of a JS M -U -ty p e  scanning e lectronm icroscope.

W hen  exam in ing  th e  ra te  o f grow th  o f th e  cells, th e ir p o sitio n  w as d e te rm in ed  on the  
basis  o f th e ir  d istance  from  th e  g row th  p e a k  of th e  thallu s m easu red  in  a lo n g itu d in a l d irection  
(F ig . 1), by  m eans of a m easu ring  ocu lar. In  p ractice , we m an ag ed  th is  b y  assuring  th a t  the  
po sitio n  of th e  cell d e term ined  during  th e  m easu rem en ts rem ain  in d ep e n d en t of th e  a rc-shaped  
cu rv e  of th e  p eak  region of th e  th a llu s . I n  th e  in te res ts of trac in g  th e  g row th  ra te  o f th e  cells 
an d  for th e  accu rate  d e te rm in a tio n  of th e  cell shape, the  ch a ra c te ris tic  cell w all m easures of 
th e  cells were ta k e n  also b y  m eans of a  m easu rin g  ocular, on  th e  basis o f th e  averages of 20 
m easu rem en ts  in each  case. In  all cases th e  fu lly  developed cell w alls were ex am ined  on sam ­
ples ta k e n  a t  an  appr. 22 m m  distance  fro m  th e  growing apex o f th e  thallu s.
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R esults and discussion

The abaxial ep id e rm is  of th e  g am eto p h y to n  o f M archantia  polym orpha  L. 
(F ig . 2 and 7) is u n ise r ia te . Some of its  cells on th e  tw o sides of the  m idrib , 
developed  in to  m u ltic e llu la r  lam ellae .C ertain  cells occurring  in  th e  areas betw een 
th e  lam ellae form ed in to  tuberc led  rhizoids w ith  in c rassa te  cell walls, while

F ig . 2. Cross-sectional p ic tu re  o f th e  m idrib  region of a M archantia  polym orpha  L. gam eto­
p h y to n ;  ae =  axial e p id e rm is ; cp — p a renchym a lay e r rich  in ch lo ro p las ts ; ap =  layer of 
a n g u la te  parenchym a cells; vc =  vascu lar cells; abe =  ab ax ia l ep iderm is; l =  lam ellae; M  =

=  m idrib-like e lev atio n

som e others in to  so -ca lled  sm ooth  rhizoids w ith o u t a th ick en in g  of th e  cell 
Avails. The la tte r  grow , n e a r ly  perpend icu la rly  to  th e  v e n tra l  surface of th e  
th a llu s , tow ards th e  g ro u n d  from  w hich th e y  absorb  w a te r. T he tuberc led  
rh izo id s  are parallel w ith  th e  tha llu s  (Sm it h , 1955).

The abaxial epiderm is cells

The cellulose cell wall structure o f  abaxial epiderm is cells w ith developed size 
and  cell trail

In  processed p re p a ra tio n s , th e y  are  e longate ly  hexagonal in  a superior 
v iew . T heir longer ax is  is n ea rly  paralle l w ith  th e  m idrib . T h e  long itud inal 
ax is  o f th e  abax ial ep id e rm is  cells covering th e  m idrib  reg ion  w holly corre-
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sponds to  th e  d irec tio n  o f  th e  m idrib . In  th e  d irec tio n  to w ard s  th e  side edges 
of th e  th a llu s , on th e  o th e r  h an d , th is  s itu a tio n  tu rn s  to  its  v e ry  reverse in  th a t  
th e  long itu d in a l axis o f th e  abax ia l ep iderm is cells, in  re la tio n  to  th e  m id rib , 
tu rn s  m ore an d  m ore in  a tran sv e rsa l d irec tion .

On th e  basis of m easures tak en  in  th e  la te ra l  n ea r-m id rib  region, i t  can  
be s ta te d  th a t  th e  av erag e  leng th  o f the  ab ax ia l ep iderm is cells lying in th is  
region is 64 m icro m eter, th e ir  d iam eter 38 m icro m eter. T h e ir sm allest cell 
h e igh t to  be seen in  th e  cross- and  lo n g itu d in a l sections is 10 m icrom eter. 
The ab ax ia l ep iderm is cells covering th e  m id rib  reg ion  betw een  th e  v e n tra l 
lam ellae are  sm aller. T h e ir  leng th  is 46 m ic ro m ete r, th e ir  d iam ete r 15 m ic ro ­
m eter, th e ir  sm aller h e igh t m easured  in th e ir  cross-section  5.5, th e ir  la rger 
height 7 m icrom eter on th e  average. T he m easures tak en  a t  a d istance of ab o u t 
five  cell rows coun ted  from  th e  la te ra l m arg in  o f  th e  th a llu s , th a t  is, th e  m ea­
sures ta k e n  n e a r  th e  e x te rn a l m arg in , gave an  av erag e  o f  79 m icrom eter in  
len g th , and  30 m icro m eter in  d iam eter. T h e  h e ig h t d a ta  w ere in  ag reem ent 
w ith  those  of th e  ep iderm is cells in  th e  la te ra l  region n e a r  th e  m idrib.

The ex am in a tio n  o f th e  cell w all s tru c tu re  was m ad e  on th e  a b a x ia l 
epiderm is cells ly ing  in  th e  la te ra l p a r t, w hich  is n ea re r  th e  m idrib . T he cell 
walls ly ing  in  a cross-sectional p lane, b e tw een  crossed niçois, reveal th a t  p ara lle l 
w ith  th e  h e igh t o f th e  cell th e re  are  th ick en in g s consisting  of fine th read s . 
These rib -lik e  fo rm a tio n s , w hich are  m ore b iré frin g en t, a re  here and  th e re  
free, w hile a t  o th e r  p o in ts  th e y  are  only p a r t ly  se p a ra te d  from  each o th e r. 
These th icken ings show  an add itional colour in  th e  d irec tio n  identical w ith  
th e  g rea t re frac tiv e  in d ex  of th e  f irs t- ra te  red  sheet. T h u s  th e  o rien ta tio n  o f 
th e  m icrofibrils can  also be considered as id e n tic a l w ith  th e  d irection  of th e  
th icken ings. T his m eans th a t  the  m icrofibrils o f th ese  cell walls are perp en d ic ­
u la r to  th e  d irec tion  of th e  long itud inal g ro w th  o f th e  th a llu s . The cell w alls 
of th e  ab ax ia l ep iderm is cells ly ing  in the  p lan e  o f a lo n g itu d in a l section show  
a s tru c tu re  sim ilar to  th e  fo rm er in  th e  p o la riza tio n  m icroscopical exam inations 
(Fig. 3).

I t  occurs occasionally  th a t  th e  jo in t cell w all of th e  abax ia l ep iderm is 
cell and  th e  g rea t p a ren ch y m a  cell above i t  (in a la te ra l th a llu s  pa rt!)  lies in  
th e  p lan e  of th e  cross-section  during  th e  c u ttin g , affo rd ing  good observation . 
This cell wall appears to  be sligh tly  h u t un ifo rm ly  b iré frin g en t betw een crossed 
niçois in  th e  p o la riza tio n  m icroscope. A com ple te  e x tin c tio n  occured in  ag ree­
m en t w ith  th e  lo n g itu d in a l axis o f th e  th a llu s . B y  in se rtin g  a f irs t- ra te  red  
sheet, i t  could be  e stab lish ed  th a t  in  th e se  jo in t  cell w alls th e  m icrofibril 
o rien ta tio n  is also p e rp en d icu la r to  th e  d irec tion  o f g row th  o f th e  tha llus. In  th e  
ep iderm al peel, th e  covering  cell w all of th e  ep iderm is cells an d  th e  cell w alls 
opposite  th em , w hich  w ere described in  th e  foregoing, can  only be s tu d ied  
jo in tly . H ow ever, th e  ex p erim en ta l resu lts  o b ta in e d  in  th e  abax ia l epiderm is 
cells o f M archantia  polym orpha  L. (sum m arized  in  Fig. 4) su p p o rt even so th e
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ob serva tion s  m ade earlier in ex a m in a tio n s  o f  other p lants ,  n a m e ly  th a t  th e  
ce llu lose  structure o f  th e  cell walls  can b e  different also w ith in  th e  sa m e  cell ,  
d ep en d in g  on w eather i t  is ad jacent  to  a s im ilar cell or to an oth er  ty p e ,  th e re b y  
in d ica t in g  also th e  fun ction a l d ifferences o f  the cell w a lls  ( F r i d v a l s z k y , 
N a g y , 1966; F r i d v a l s z k y , 1967).

F ig . 3. L o n g itud inal section  of m a tu re  th a llu s  reg ion , w ith  the  ab ax ia l ep iderm is, be tw een  
crossed  niçois; abe =  cell w all of an  ab ax ia l ep iderm is cell in the  p lane of a  lo n g itu d in a l section; 

its  cell wall th ick en in g s are in a d iagonal position. Congo-red s ta in ing

A

F ig . 4. Stereoscopic p ic tu re  o f th e  skeleton  s tru c tu re  of th e  abax ia l ep iderm is cell in  a M ar- 
chantia  polym orpha  L. g am e to p h y to n ; E  =  cell w all ad jacen t to  th e  e x te rn a l en v iro n m en t; 
A  =  cell walls a d jacen t to  cells o f iden tica l ty p e ; P  =  cell wall com m on w ith  a n g u la te  p a re n ­

ch y m a cells
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The growth and d ifferen tia tion  o f  the cellulose structure o f  the abaxial epiderm is 
cells

T he len g th  o f th e  ab ax ia l ep iderm is cells in a n ea r-m id rib  la te ra l positio n , 
a t  a d istance  o f 145 m icrom eter from  th e  grow ing ap ex  o f  th e  tha llu s , is 12 
m icrom eter. T h e ir len g th  ch a rac te ris tic  th e  developed  s ta te  (64 m icrom eter) 
is a lready  reach ed  a t  a d istance  of 1500 m icrom eter from  th e  grow ing ap ex . 
T hus th e ir  len g th  a t  th is  1355 m icrom eter phase has increased  to  ab o u t f iv e  
tim es of its  o rig inal size. T heir he ight does n o t show  an y  considerable change. 
The increase in  th e ir  d iam ete r of a v a lu e  w hich is t h a t  o f is tw o and  a h a lf  
tim es m ore th a n  th e ir  p rev ious d ia m e te r  (it increased  from  12 to  33 m ic ro ­
m eter) a t th e  ph ase  m en tio n ed  before.

I t  was m ost su itab le  to  s tu d y  th e  d iffe ren tia tio n  of th e  cellulose sk e le ton  
of th e  grow ing cell a t  th e  stage  of dev e lo p m en t show ing th e  m ost rem ark ab le  
p a tte rn  of th ick en in g  o f th e  cell wall, n am e ly  th e  an tic lin a l cell walls d isp lay ing  
rib -like in crassa tio n s. T he rib-like th ick en in g s and  o th e r s tru c tu ra l specialities 
(described in  th e  p rev ious chap ter) c h a ra c te ris tic  o f th e se  cell walls in  th e ir  
developed s ta te , can  a t  th e  earliest b e  observed  w ith  th e  po la riza tion  m i­
croscope a t 1050 m icrom eter from  th e  grow ing apex  o f  th e  th a llu s  (see F ig . 5). 
T he re la tionsh ips b e tw een  th e  lo n g itu d in a l g row th  o f th e  abax ia l ep iderm is

Fig. 5. E p iderm al peel o f a re la tiv e ly  young  ab ax ia l ep iderm is be tw een  crossed niçois. T he 
long itud inal axis o f th e  ep iderm is cells is of a d iagonal position . In  th e  cell walls lying in  th e  
p lane of th e  p re p a ra tio n  th e  m ore strongly  b iré frin g en t w all-th icken ings are a lready observab le .

Congo red  sta in in g
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cells (in a la te ra l positio n ) and  th e  fo rm a tio n  of the  skele ton  s tru c tu re  of th e  
cell w all is show n in a g rap h  in F ig . 6.

A lthough n o t d iscussed  in d e ta il, i t  should  be n o ted  th a t  in  th e  course 
o f  exam inations b y  a p o la riza tio n  m icroscope, the  an tic lin a l cell w alls o f th e  
a b a x ia l epiderm is cells, covering th e  m id rib  region, show a cellulose s tru c tu re  
s im ila r to  th a t  occu rring  in  th e  la te ra l reg ion  (Fig. 7).

distance measured from the apex in pm

F ig . 6. Correlation betw een  th e  long itu d in a l g ro w th  and the  fo rm ation  of cell w all s tru c tu re  
o f th e  la te ra lly -s itu a ted  a b ax ia l ep iderm is cells; circle =  the  appearance of th e  s tru c tu ra l form  

c h a ra c te ris tic  of th e  developed  anticlinal cell walls

F ig . 7. T he zone of orig in  o f th e  sm ooth  rh izo ids, in  th e  longitud inal section  of th e  m idrib  re ­
g ion. betw een  crossed niçois. O n th e  cell walls o f  th e  abax ial epiderm is cells ly in g  in  th is p lane, 
th e  lattice-like  cell w all th ick en in g s (arrow ), w hich  are m ore b iréfrin g en t in  th e ir  d iagonal 

p o sition , can  be observed. C hloro-zinc-iodine s ta in ing

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



CELLULOSE SKELETON STRUCTURE IN MARCHANTIA POLYMORPHA 49

The smooth rhizoids

The cellulose cell wall structure o f  the fu l ly  developed smooth rhizoids

I t  is a generally  accep ted  view th a t ,  th e  rh izoids fu n c tio n  analoguously  
w ith  th e  ro o ts  of th e  h igher p la n ts  th a t  is, th e y  a re  “ o rg an s”  o f th e  n o u rishm en t 
u p ta k e  (H a b e r l a n d t , 1918; Smith , 1972). T h e  difference betw een  th e  fu n c­
tio n  of th e  “ sm o o th ”  rh izo ids and the  su rro u n d in g  ab ax ia l ep iderm is cells in  
th e  g am eto p h y to n  of M archantia  polym orpha  L. is show n also b y  th e ir  s tru c ­
tu re  com posed of tw o p a r ts . T heir basis lies be tw een  in  th e  p lan e  of the  abax ia l 
epiderm is cells, and  its  fo rm  is sim ilar to  th a t  o f th e  ep iderm is cells. A long, 
cha rac teris tic , tube-like  e longation  arises p e rp en d icu la rly  from  the  basis 
(Fig. 7). The basa l p a r t  is s lig h tly  elongated  para lle l w ith  th e  lo ng itud ina l axis 
of th e  th a llu s . In  th is  d irec tio n , th e ir  average  size is 51 m icrom eter, th e ir  
d iam eter p e rp en d icu la r to  th is  p lane 34 m icro m eter, w hile th e ir  he ight is 13 
m icrom eter. In  th e  p o la riza tio n  m icroscopical ex am in a tio n s, th e  s tru c tu re  of 
the  an tic lin a l cell walls o f th e  basic cell p ro v ed  to  be s im ila r to  th a t  o f th e  
cell walls in  a sim ilar positio n  of th e  ab ax ia l ep iderm is cells. This sim ilarity  
was valid  w ith  respect to  b o th  th e  d irec tion  o f th e  m icro fib rils of these cell 
walls and  th e  p a tte rn  of th ick en in g  of these  la t te r  (Figs 7 an d  8).

I t  occasionally  occu rred  in  p rep ara tio n s  o f lo n g itu d in a l sections th a t  the  
cell wall c o n s titu tin g  th e  basis of the  elongation  of th e  sm o o th  rh izo id  happened

Fig. 8. Cell w all of th e  lo n g itu d in a lly  lying basal p a r t  o f a m a tu re  sm o o th  rh izoid  (arrow ), 
betw een  crossed niçois. T he cell w all thickenings are o f a d iagonal position . Congo red  sta in ing
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to  be in  th e  p lane o f th e  sec tion  a n d  so we w ere able to  exam ine  i t  also in  a view  
fro m  above. W hen in se rtin g  f i r s t  r a te  red  sheet in  th e  case o f th e  p o la riza tio n  
m icroscopical ex am in a tio n , an  a d d itio n a l colour ap p ea red  along the  side 
p a ra lle l w ith  th e  gam m a axis o f th e  au x ilia ry  p la te , in  ev e ry  case, w hile in  th e  
d irec tio n  p e rp en d icu la r to  it, a su b tra c tio n  colour ap p eared . C onsequen tly  it  
can  be said  th a t  th e  m icro fib rils  in  th e  rh izoid basic cell a re  o f a concen tric  
a rra n g e m en t (F ig. 9).

F ig . 9. T he zone of origin o f m a tu re  sm o o th  rh izo ids along th e  lo n g itu d in a l sec tion  o f the  
m id rib  reg ion , be tw een  crossed niçois. W ith  th e  app lication  of a f ir s t  ra te  red  shee t. A t th e  
sam e tim e an  ad d itio n a l colour ap p ears  in  th e  b asa l p a r t  of th e  e longations in a  su b tra c tio n a l

p o sition . Congo re d  sta in ing

T he rh izo id  e longation  show ed ex tin c tio n  in  N o rth -S o u th  an d  E ast-  
W e s t s itu a tio n s , while in  a N o r th -E a s t and  S ou th -W est s itu a tio n  i t  show ed 
a m ax im um  birefringence (F ig . 10). In  th e  case of sm oo th  rh izo ids w ith  a 
sinuous profile , th e  ex tin c tio n  w as n o t un iform  even in  th e  case o f o rthogonal 
p o s itio n , on th e  tw o m arg ins o f th e  elongation , along th e  d o tte d  line, illu m in a ­
tio n  w as observed  also la te r  (F ig . 11). On inserting  f ir s t  ra te  red  sh ee t, the  
e lon g a tio n  show ed an  a d d itio n a l co lour in  th e  case of a d iagonal positio n , th a t  
is , in  th a t  para lle l w ith  th e  g am m a axis of th e  au x ilia ry  sheet. T he rh izoids 
w ith  sinuous walls in a positio n  o f N o rth -S o u th  d irection  an d  u n d e r cond itions 
s im ila r to  th e  fo rm er ones show ed a lte rn a tiv e ly  ad d itio n a l an d  su b tra c tio n a l 
co lours on th e  tw o m arg ins o f th e  elongation , in  accordance w ith  th e  a fo rem en ­
tio n e d  d o tte d  line. This is c h a ra c te ris tic  also of th e  o p tica l b eh av io u r o f the  
r ip e  c o tto n  h a ir  ( R o e l o f s e n , 1959). O n th e  basis o f th is , i t  can  be sa id  b y
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inference th a t  in  th e  e longation  of th e  sinuous rh izo ids, th e re  is also a helical 
m icrofibril a rran g em en t.

Sum m arily , i t  can therefo re  be s ta te d  th a t ,  d ep en d in g  on th e ir  position , 
even iden tical rh izo id  cells can  be bo rdered  b y  cell w alls o f d ifferen t skele ton  
s tru c tu res . O bv iously , th ese  cell wall s tru c tu re s  of d iffe ren t p a tte rn  owe th e ir  
ex istence to  th e ir  d iffe ren t functions.

I t  is also w o rth y  of m en tion ing  th a t  th e  m arg in  o f th e  ob tuse ly  ro u n d ed

F ig. 10. Sm ooth rh izo id  e longation  of a sinuous profile , betw een crossed  niçois, in a d iagonal
position

Fig. 11. The sm oo th  rh izo id  e longation  show n in F ig . 10, betw een  crossed  niçois, in  an  o r th o ­
gonal position

ap ica l p a r t  of th e  sm ooth  rh izoid shows a yellow  colour on  th e  app lica tion  
o f  th e  f irs t ra te  red  sheet, there fo re  a su b tra c tio n  colour, in  opposition  to  th e  
b lu e  colour o f th e  m arg ins of th e  d iagonally  s itu a te d  elongation . W hile in  
a situ a tio n  p e rp en d icu la r to  th is  th e  apex  em erges in  a b lue  in te rfe ren ce  colour. 
H ence in  th e  ap ex  p a r t ,  th e  d irec tion  of th e  cu rv a tu re  is follow ed by  th e  inicro- 
fib rils as well. I f  exam in ing  only am ong crossed niçois, th e  b irefringence of 
th e  m argin  o f th e  apex , in  com parison  w ith  th e  e longation  m arg in , is w eaker, 
w hich ind icates th a t  on th is  p a r t  th e  cell-w all is th in n e r  o r a t  le a s t b iré frin g en t 
th a t  is, of an  a rran g ed  ske le ta l s tru c tu re . O ur re su lts  re fe rrin g  to  th e  cell 
w all of th e  sm oo th  rh izo ids are  sum m arized  in  Fig. 12.
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F ig . 12. S patia l p ic tu re  o f th e  sm o o th  rh izo id  cell w all s tru c tu re  in a M archanlia  polym orpha  L. 
g am e to p h y to n ; E  =  e lo ngation ; E B  =  cell w all fo rm ing  th e  basis o f th e  elongation ; A b E  =  
=  cell walls com m on w ith  ab ax ia l ep iderm is cells; P  =  peric linal cell w all occuring to w ard s

th e  in n er side o f th e  th a llu s

The cellulose cell wall structure o f  smooth rhizoids at a relatively young age

T he basal p a r t  an d  th e  e longa tion  of th e  sm ooth  rh izo ids a t  a young  
s tag e  were exam ined  by  m eans of th e  scann ing  elec tronm icroscope. W e suc­
ceeded  in  d irectly  id e n tify in g  a s tru c tu re  in th e  ex te rn a l peric lina l cell w all 
p ro jec tin g  and a t th e  sam e tim e  fo rm ing  th e  basic cell o f th e  elongation , w hich 
w as to  be expected  on th e  basis o f th e  p reced ing  in d irec t p o la riza tio n  ex am in a­
tio n , an d  w hich has a lread y  been described  in  d e ta il w hen d iscussing th is  w all 
o f th e  fu lly  developed cell (F ig . 13). I t  can  be seen in th e  scann ing  electron- 
m icroscopic p ic tu re  th a t  a ro u n d  th e  basic  p a r t  of th e  rem o v ed  rh izo id  elonga­
tio n , th e  cellulose f ila m e n ts  are  co ncen trica lly  arran g ed  in th e  larger h a lf  of 
th e  peric linal cell w all a rea . In  p a r t  o f th e  p ic tu re , a f i la m e n t tran sv erse ly
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in te rw in in g  th e  concen trically  ru n n in g  filam ents an d  p ro b ab ly  o rgan ica lly  
connecting  th e  e longa tion  to  th e  b a s a l p a r t ,  can also be  seen (F ig . 13).

T he elongated  p a r t  of th e  y o u n g  rh izoids, in d ica ted  u n d e r th e  p o la riza ­
tio n  m icroscope, a m icro fib ril o r ie n ta tio n  w hich is s im ila r to  th a t  o f th e  sm ooth  
rh izo ids in th e  developed  p a rts  o f th e  th a llu s , th a t  is an  o r ie n ta tio n  agreeing 
w ith  th a t  of th e  lo ng itud ina l axis o f  th e  elongation. In  th e  case of th e  even tu a l

F ig. 13. B asal p a r t  o f a  young  sm ooth  rh izo id . A round  th e  place o f p ro tru s io n  of th e  e lo n g a­
tio n  (re), th e  fibrils are concentrically  o r ie n te d  in th e  larger h a lf  o f th e  cover; d f  =  f ib r il  in te r­

w oven d iagonally . S can n in g  electronm icroscopical p ic tu re

fissu res of th e  rh izo ids, which o ccu rred  in  th e  course o f p re p a ra tio n , i t  was 
ch a rac te ris tic  th a t  th e ir  d irection  w as in  agreem ent w ith  th e  m icro fib rilla tion  
(F ig . 14). The sp ec ia lity  fine s t ru c tu re  of th e  elongated  p a r t  of th e  sm ooth  
rh izo ids is ind ica ted  b y  th e  fact t h a t  n o t even th e  scann ing  e lec tronm icroscop­
ical m agnification  o f 40.000 X m a d e  an  id en tifica tio n  o f th e  sep a ra ted  f ila ­
m en ts  possible. In  sp ite  of th is  ev en  in  th e  scanning  e lec tronm icroscopical 
p ic tu re , there  can be recognized a k in d  of arranged  s ta te  w hich in  an  ind irec t 
w ay  corresponds to  th e  o rien ta tio n  d e te c te d  ind irec tly  b y  m eans of th e  p o la r­
iza tio n  m icroscope (F ig . 15).

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



54 DÖMÖTÖR-SZILÁGYI, J. WOJNÁROVITS-HRAPKA, I.

F ig . 14. Sm ooth rh izo id  in  a re la tiv e ly  young stage w ith  a lo n g itu d in a lly  ru p tu re d  wall, be­
tween crossed  niçois and  in a  diagonal position . Congo red  s ta in in g

F ig . 15. Scanning e lectronm icroscopica l p ic tu re  o f th e  o u te r  surface of a sm o o th  rhizoid elon­
g a tio n  in the  re la tiv e ly  y o u n g  stage; — =  d irection  of th e  lo n g itu d in a l ax is of the  rhizoid

elongation
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The rhizoids with tubercled cell wall thickenings

The cellulose cell wall structure o f  fu l ly  developed rhizoids 
with tubercled cell wall thickenings

T h e tu b erc led  rh izo ids w ith  v e ry  special th icken ing  o f  th e  cell w all are 
p ro b a b ly  th e  m ost w ell-know n am ong th e  cell typ es o f M archanda  poly- 
morpha  L. Investiga tions w ere m ain ly  co n cen tra ted  upon  th e ir  e longa ted  p a r t ,  
in  th e  course of w hich several au th o rs  estab lished  th a t  th e  tu b erc les , w hich 
follow  a helical course w hile rising  from  th e ir  original positio n , m ay  u n ite  
w ith  each  o th e r u p  to  a len g th  of a h a lf  circle or fo r th ree  q u a rte rs  d u rin g  th e ir  
rise, an d  th is is in d ica ted  ex te rn a lly  b y  th e  sinuous o u tlin e  of th e  rh izo id  
( K ü s t e r , 1956). D i p p e l  (1872) held  th e  v iew  th a t  th e  special d is tr ib u tio n  
o f th e  p ro top lasm  caused  th e  special th ick en in g  of th e  w all, an d  so also th e  
tu b e rc le d  th icken ing  o f th e  cell wall.

T h e  exam in a tio n  of th e  basa l p a r t  in se rted  am ong th e  a b a x ia l ep iderm is 
cells o f  th e  tu b erc led  rh izo ids was on  th e  o th e r h an d  ra th e r  n eg lec ted . T his 
basa l p a r t  is s im ilar in  shape  to  th a t  of th e  abax ia l ep iderm is cells, its  len g th  
is 60 m icrom eter an d  its  d iam ete r 29 m icrom eter. The tu b u la r  p a r t ,  w ith  d ia m ­
e te r  o f  9— 16 m icrom eter and  a len g th  o f som e 2 m m , p ro tru d e s  from  it ,  
a ligned  to  th e  v e n tra l side of th e  th a llu s  (F ig . 16). T he tu b u la r  e long a tio n  
becom es e x tin c t be tw een  crossed niçois in  a position  o f N o rth -S o u th  and  
E a s t-W e s t d irection , w hile a m ax im um  birefringence is p roduced  b y  i t  in  its

Fig. 16. O rigin of tu b erc led  rh izo ids a t  a  d istance of 1200 m icrom eter from  th e  grow ing apex  
of th e  th a llu s . L ong itu d in a l p rep ara tio n , be tw een  crossed niçois, by  in se rtin g  a f ir s t  r a te  red  

shee t. Congo red  sta in in g ; — =  d irection  of th e  gam m a axis of th e  f ir s t  r a te  red  sh ee t
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N o rth -E a s t and  S o u th -W est position  (F ig . 17). B y  in se rtin g  th e  f irs t  ra te  red  
sh ee t i t  could he d e te rm in ed  th a t  th e  d irec tio n  of th e  g re a te s t re frac tiv e  in d ex  
o f  th e  cell w all w as p a ra lle l w ith  th e  lo n g itu d in a l axis o f th e  cell. S im ilarly  
as in  th e  case o f n a tu ra l  f ib re s , i t  was especially  on th e  tw o long itu d in a l m arg ins 
o f  th e  rhizoid th a t  th e  a d d itio n a l colour m an ifested  itse lf  strong ly . C erta in  
tu b erc led  rh izoids, how ever, d id  n o t p ro d u ce  a com ple te  ex tin c tio n  even in  
th e ir  o rthogonal p o s itio n , b u t  s im ilarly  to  th e  sm oo th  rh izo ids of a sinuous

F ig . 17. T ubercled  rh izo id  e lo n g a tio n  in a developed  stag e, betw een  crossed niçois, in a d iagonal
position . Congo ie d  s ta in in g

pro file , th ey  co n tin u ed  to  lum inesce in a b ro k en  line along th e ir  m argins (F ig . 
18). I t  can be in fe rred  from  th is th a t  th e ir  m icro fib rils  m igh t becom e a rran g ed  
in  a helical course. T h is in ference  is su p p o rted  by  th e  fa c t th a t  w hen in se rtin g  
th e  f irs t ra te  red  sh ee t, th e  m argins of th e  cell w all a lte rn a tiv e ly  show  a d d i­
tio n a l and su b tra c tio n a l colours, in  acco rdance  w ith  th e  illu m ina ting  b roken  
lines.

The d e te rm in a tio n  o f th e  m icrofihril o rien ta tio n  occurring  in  th e  tuberc les 
w as carried  ou t in  doub le-w alled  tu b erc led  rh izo ids. B y  app ly ing  a n a rro w  
condensor-opening , b e tw een  crossed niçois, fo u r lum inescen t ligh t-spo ts em erg ­
ed a t  th e  roo t o f  each  tu b e rc le  in  th e  N o rth -S o u th  position  of th e  rh izo ids 
(F ig . 18). On a d iagona l position  of th e  f irs t ra te  red  sh ee t, in  re la tion  to  th e  
m a in  axis of it, th e  yellow  colour of th e  tw o m arg in a l lig h t spots and  a t  th e

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



CELLULOSE SKELETON STRUCTURE IN MARCHANTIA POLYMORPHA 57

sam e tim e  th e  o th e r tw o lig h t sp o ts  on th e  opposite  side in d ica ted  th a t  th e  
m icrofibrils becom e rad ia lly  a rran g ed  in th e  tuberc les (F ig . 19).

The region of th e  rh izoid  w all which is a tra n s it io n  betw een th e  cover 
an d  th e  basa l p a r t  of th e  e longation  was stud ied  sep a ra te ly . T he p o la riza tio n  
m icroscopical ex am in a tio n  in d ica ted  an  arranged  s tru c tu re  also in  th is  p a r t  
o f  th e  cell wall. U nder th e  effect o f th e  f irs t ra te  red  sh ee t, th e  ad d itio n a l colour 
w as in  ag reem ent also in th is  m o u th  o f th e  rhizoid e longa tion  w ith  th a t  o f th e

F ig . 18. M ature  tu b erc led  rhizoid  e longation , betw een  crossed n iço is, in an  o r th o g o n a l p osition  
A t th e  ro o t of th e  tu berc les, lum inescen t lig h t spots, four a t  each , are observab le . Congo red

sta in in g
F ig . 19. Rhizoid e longation  and  its  s i tu a t io n , sam e as in Fig. 18, w ith  th e  ap p lication  of a f irs t 

ra te  red  sheet; — =  th e  d irec tio n  o f th e  gam m a axis o f th e  f irs t  ra te  red  sheet

lo n g itu d in a l axis o f th e  elongation . F ro m  th is  is follows th a t  th e  m icrofibrils 
o f th e  cover are  a rran g ed  p ara lle l w ith  th e  lo n g itu d in a l axis o f th e  rh izo id  
elongation , th e  cover, an d  w ith  th e  d irec tio n  of th e  lo n g itu d in a l g row th  of th e  
th a llu s .

In  p rep ara tio n s of lo n g itu d in a l sections, th e re  a re  tu b erc led  th icken ings, 
s im ila r to  th e  tuberc les of th e  e lo n g a tio n  on the  cell w all o f th e  opened inner 
surface of th e  an tic lin a l cell walls o f  also th e  basal p a r t  an d  also on th e  in n er 
su rface  of th e  cover (F ig . 20). O u r d a ta  on th e  cellulose cell w all skele ton  
o f th e  m a tu red  rh izoids w ith  tu b e rc le d  th ickenings of th e  cell wall are  su m m a­
rized  in  Fig. 21.
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F ig . 20. L ongitud inal sec tio n  o f p a r t  o f th e  m idrib-like e levation , show ing th e  origin of th e  
tubercled  rh izo ids; It =  tuberc led  th ick en in g  of th e  cell walls o f th e  b asa l p a rt

21 A bE

F ig . 21. Spatial p ic tu re  o f th e  s tru c tu re  o f th e  tu b erc led  rh izo id  in a M archantia  polymorpha  
L . gam eto p h y to n ; E  =  e lo n g a tio n ; E B  =  cell wall p a r t  form ing th e  basis o f th e  elongation; 
A b E  =  cell walls in  co m m o n  w ith  abax ia l ep iderm is cells; P  =  peric linal cell wall occuring 

to w ard s th e  inner side of th e  thallu s
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The growth and differentia tion  o f  the cellulose structure o f  the rhizoids 
w ith  tubercled cell wall thickenings

Of th e  tw o rh izo id  ty p es occuring  on th e  th a llu s  of M archantia  po ly- 
morpha  L ., we tra c e d  th e  g row th  an d  d iffe ren tia tion  o f th e  cellulose cell w all 
s tru c tu re  of th e  “ tu b e rc led ”  rh izo ids; since th e  ch a ra c te ris tic  th ickenings 
allow  a b e tte r  o b se rv a tio n  of th e  process developm en t.

E

a

£  2 0 -

° <4— I— I— I— I— I— I— I— I I I г-
£  0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200C7>
* distance measured from the apex in pm

F ig . 22. C orrelation be tw een  th e  lo n g itu d in a l grow th of th e  b asa l p a r t  o f tu b erc led  rh izoids 
a n d  th e  fo rm ation  of th e  cell w all s tru c tu re ; circle w ith  d a sh ed  line =  appearance  of the  
ch aracte ris tic  tubercles o f th e  an tic lin al cell w alls; circle w ith  c o n tin u o u s  line =  [definite presence 

of th e  ch aracte ris tic  tuberc les of the  an tic lin al cell walls

T he basa l p a r t  o f th e  “ tu b e rc le d ”  rh izoid , s i tu a te d  a t  a d is tan ce  o f 450 
m icrom eter from  th e  grow ing ap e x  of th e  th a llu s , has a leng th  of 36 m icro­
m e te r  and  a d iam e te r of 9 m icrom eter; th e  leng th  of its  e longation  is 400—600 
m icrom eter, 9 m icrom eter in  d iam ete r. In  th e  s till undeveloped  rh izoids, 
occurring  a t  th e  afo rem en tioned  p h ase , th e  p rim ord ia  of th e  tu b erc led  th ic k e n ­
ings are  a lready  observab le  b y  m eans of the  p o la riza tio n  m icroscope. A t th e  
sam e tim e, th e  m icro fib rils are  also observab ly  a rran g ed  in th e  cell w all o f  th e  
elongation , in  th e  d irec tion  of its  long itud inal ax is, w hich is ch arac teris tic  
also o f th e  developed rh izo ids (F ig . 16).

T he leng th  o f  th e  basic p a r t  o f th e  tu b erc led  rh izo ids, o rig in a tin g  a t 
a d istance of 1200 m icrom eter from  th e  apex, is 39 m icrom eter, its  d iam eter 
21 m icrom eter; th e  d iam eter o f i ts  elongation  is 9 m icro m eter also here. T he 
tuberc les can  d e fin ite ly  be seen in  th is  region and  even th e ir  rad ia l s tru c tu re  
can  be observed. T he tuberc led  rh izo ids w hich lie a t  a d is tan ce  o f 2000 m icro­
m ete r from  th e  ap ex  reach  sizes ch a rac te ris tic  o f th e ir  m a tu re  s ta te  (the  leng th  
o f  th e  basic p a r t  is 60, its  d iam e te r 29 m icrom eter, th e  d iam e te r of th e  elonga­
tio n  flu c tu a te s  betw een  9— 15 m icrom eter, while its  len g th  is a b o u t 2000 m icro­
m ete r). T herefore, w hile th e  le n g th  of th e  basic p a r t  increases m erely  tw ice 
to  its  original size in  th is  section , th e  increase in  len g th  o f th e  elongations is
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fiv e fo ld . In  Fig. 22 a g ra p h  o f th e  increase in  leng th  of th e  hasa l p a r t , while 
in  F ig . 23 th a t  o f th e  e lo n g a tio n , a re  show n, in  connection  w ith  th e  form ation  
o f  th e  characteristic  tu b e rc le d  th ick en in g  o f the  cell wall.
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F ig . 23. Correlation b e tw een  th e  long itu d in a l g row th of tu b erc led  rh izo id  elongation  and  the 
fo rm a tio n  of the cell w all s tru c tu re : circle w ith  dashed  line =  app earan ce  of th e  tubercled  cell 
w all thickenings; circle w ith  co n tin u o u s line =  definite  presence of th e  tu b erc led  cell wall

th ickenings
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CORRELATION BETWEEN ABOVE-GROUND 
PHYTOMASS PRODUCTION AND THE 

CHLOROPHYLL CONTENT IN THE VEGETATION 
OF A “LÖSZPUSZTARÉT”, IN FIELD 

EXPERIMENTATION AND IN CONDITIONED 
SITUATIONS

By
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W e exam ined  th e  corre lation  betw een th e  above ground p h y to m ass p ro d u c tio n  
an d  th e  chlorophyll c o n te n t in  the  dom inant species o f four s ta n d s  in  th e  p la n t  asso­
cia tion  of th e  loess p u sz ta  m eadow  (“ lö szpusz taré t” , Salvio-Festucetum  rupicolae panno- 
nicum  Zólyom i, 58), in  fie ld  experim ents and  in cond itioned  c ircum stances (in p h o to ­
s ta t) . We p o in ted  ou t a close positive linear regression  re la tio n  be tw een  th e  p h y to b io ­
m ass p ro d u c tio n  and  th e  chlorophyll content of th e  p ro d u c tio n  ca lcu la ted  for d ry  w eight, 
concerning th e  closeness o f th e  correlations, th e re  w as no essen tia l dev ia tio n  be tw een  
th e  values of field  e x p erim en ts  and those of con d itio n ed  circum stances.

Introduction

T h e corre la tion  b e tw een  th e  chlorophyll c o n te n t o f p la n t associations 
and  th e ir  p ro d u c tio n  w as exam ined  by  several au th o rs  (for exam ple  Ge s s n e r , 
1949, 1959; B r a y , 1960, 1962; B rougham , 1960; Me d in a -L ie t h , 1964; 
Ov in g t o n -L a w r e n c e , 1967) —  prim arily  w ith  reg a rd  to  aqueous veg e ta tio n s; 
concern ing  — te rre s tr ia l v eg e ta tio n s , the question  is ra th e r  u n tre a te d ; F e k e t e

(1972) provides a critical su rv ey  of them . W e h av e  a lread y  p u b lished  d a ta  on 
th e  co rre la tion  betw een  o rgan ic  m a tte r  p rod u c tio n , th e  p h o to sy n th e tic  energy 
u tiliz a tio n  and  th e  ch lo rophy ll con ten t in re la tio n  to  p la n t s tan d s  of sa lt soild 
(H o rváth— B odro g k özy , 1973). A t p resen t we exam ine th e  organic m a tte r  
p ro d u c tio n  an d  p h o to sy n th e tic  energy u tiliza tio n  of th e  v e g e ta tio n  of a lösz­
p u sz ta ré t (Salvio-Festucetum  rupicolae p annon icum  Zólyom i, 58), in  fie ld  
exp erim en t (E n d r é d i— H o r v á t h , 1976), an d  in  cond itioned  circum stances. 
T he p resen t p ap e r su b m its  th e  resu lts  re la ted  to  th e  co rre la tions betw een  th e  
d ry  m a tte r  p ro d u c tio n  an d  th e  chlorophyll q u a n t i ty  co rrespond ing  to  i t  for 
above-ground  liv ing p la n t p a r ts  ( =  phy tob iom ass —  P r é c s é n y i , 1975) in  th e  
species occurring  in  th e  g re a te s t q u a n tity  or d o m in a n t in  th e  p la n t s tan d s  of 
th e  lö szp u sz ta ré t.
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M ateria l and  m ethod

T he vegeta tion  exam ined  co n sisted  of th e  follow ing s tan d s o f  th e  Salvio-F estucetum  
rupicolae pannonicum  Zólyom i. 58 (Soó, 1964; 1973) association , w hich occur on th e  w estern  
slopes o f N agyhegy a t  D u n a fö ld v ár (E n d r é d i — H orváth , 1976):

1. S . - F . r .p .  Zólyom i, 58
2. S . - F . r .p .  Zólyom i, 58
3. S . - F . r .p .  Zólyom i, 58
4. S . - F . r .p .  Zólyom i, 58

festucetosum  rupicolae; 
stipetosum  capillatae Soó, 59; 
andropogonetosum  (Boros, 53) Soó, 59; 
poetosum  angustifoliae  Zólyom i, 59.

T he field experim ents o f th e  p la n t  s tan d s were m ade from  th e  beg inn ing  of A pril till 
th e  end  of Septem ber, 1975. T he s ta n d s  of th e  ex p erim en ta l a rea  w ere a t  th e  s ta r t  o f  th e  in ­
v e s tig a tio n s  — April 2, 1975 — m ow ed dow n a n d  th e  p lan t m a te ria l rem oved. S u b seq u en tly  
(till th e  end of the  v egeta tion  p eriod ), th e  above-g round  p h y tob iom ass o f th e  p lan t s ta n d s  which 
w as grow ing un d istu rb ed  was sam p led  b y  th e  m ow ing m eth o d  (O d u m , 1959), a t  th e  p o in ts  of 
tim e  indicated, in Table 1.

W e took  sam ples a t  ra n d o m  from  four a reas of 2 5 x  25 cm each  in th e  sam pling  areas 
a t  a tim e ; in th e  calcu la tions w e w orked  w ith  th e  average of th e  four rep e titions. T he m ate ria l 
o f th e  sam ples was dried  a t  80 °C u p  to  a c o n s tan t w eight, a n d  th e  d ry  m a tte r  q u a n titie s  th u s 
o b ta in e d  were recalcu lated  fo r 1 m 2 a rea  un its .

E ac h  of the  p lan t s ta n d s  w as exam in ed  also am ong cond itioned  c ircum stances, in the 
p h o to s ta t  m ade by us (E n d r é d i — H orvá th , 1975). T hree pieces o f “ grass cubes” , 20 X 20 X 
X 20 cm  each, were cu t from  th e  p la n t s tan d s; a t  the  beginning of th e  in v estiga tion  th e  veg eta ­
tio n  w as cu t back to  th e  su rface  of th e  g round  also in these cases; the  m ate ria l w as placed 
in to  stan d -b o x es and p u t  in to  th e  p h o to s ta t .

The tem p era tu re  in th e  p h o to s ta t  was 18 — 28 °C in a daily  rh y th m , th e  re la tiv e  vapour 
c o n te n t of th e  air v a ried  b e tw een  45 — 80% ; as a resu lt o f con tinuous v e n tila tio n  C 0 2 con­
c e n tra tio n  was p rac tica lly  c o n s ta n t an d  it w as in agreem ent w ith  th e  n a tu ra l co n cen tra tio n  
(0 .03% ). B y daily  w atering  w ith  destilled  w a ter, an  ap p ro x im ate ly  iden tica l w a ter su p p ly  was 
g u a ran tee d  for the  v eg eta tio n  d u rin g  th e  in v estiga tions. L igh t was p ro v id ed  by m eans of 40 kW  
F 33 fluo rescen t tubes, for 12 ho u rs  daily . The ligh t density  was a b o u t 12 000 lux , w hich cor­
resp o n d s to  ab o u t 10.5 cal • c m -2 • h -1 energy. This, during  th e  180 d ay  ex p erim en ta l period, 
am o u n ted  to  to ta l of 22 680 cal • c m -2 energy. A t the  sam e tim e, in  field  conditions, th e  p lan t 
s ta n d s  received ab o u t 69 700 cal • c m -2 global rad ia tio n . (The d a tu m  is o b ta in ed  from  the 
m easu rem en ts  o f the  A grom eteoro log ical O b serv a to ry  a t  M a rto n v ásá r-E rd ó h á t, a s ta tio n  of 
th e  C entra l In s ti tu te  for A erological Physics — s itu a te d  a t  a d istance of ab o u t 50 k m  from  the 
ex p e rim e n ta l area; for k in d  perm ission  of using  th e  d a ta  th an k s  are due to  th e  h ead  of the 
o b se rv a to ry , Dr. Já n o s  P l e t s e r .

T he investiga tions in  co n d itio n ed  c ircum stances were m ade from  A pril 1 to  S ep tem ber 
28, 1975; sam pling tim es are in cluded  in  Table 1. The periods o f in v estiga tions are in agreem ent 
w ith  th o se  of fie ld  ex p erim en t.

Table 1

T im es and periods o f  investigations

Sampling times Time (da\ s) elapsed

No.
Field experiment In the photostat between two 

samplings
from beginning 

of testing

l April 30 A pril 29 28 28
o M ay 31 May 30 31 59

3 Ju n e  30 Ju n e  29 30 89

4 Ju ly  31 Ju ly  30 31 120

5 A ugust 31 A ugust 30 31 151

6 S eptem ber 29 Septem ber 28 29 180
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The tak in g  of sam ples was identical w ith  t h a t  u sed  in  field  experim en ts: th e  v eg eta tio n  
was cu t dow n in h a lf  o f th e  area of the  cu ltu re  boxes (2 dm 2) a t  a tim e . T hus, the  ap p licatio n  
of th ree  cu ltu re  boxes by  s ta n d s  m ade it  possible to  ta k e  sam ples six tim es.

T he chlorophyll c o n te n t o f th e  species w as de te rm in ed  a t  th e  tim e of th e  sam pling  
(Table 1), so th a t  we w ere also able to  observe th e  seasonal changes in  th e  chlorophyll c o n ten t 
du ring  th e  period of investig a tio n s. P h o to sy n th e tic  p ig m en ts were rem oved  from  th e  fresh  
p lan t m a te ria l — re p ea tin g  i t  five tim es — b y  m eans of acetone; fo r rinsing  p e tro le th e r was 
used. T he abso rp tio n  of p ig m en t-ex trac t was m easu red  w ith  Spekol p h o to m e te r a t  647 an d  
664 nm  w ave leng ths th e  q u a n ti ty  of chlorophyll w as d e te rm in ed  according to  Z i e g l e r  and  
E g l e  (1965), by  m eans of th e  following eq u atio n :

C hlorophyll a  -j- b =  7.01 • А ш  -f- 17.76 • A 647 m g - l -1 .
In  our calcu la tions, we used the  average v a lu es o f  th e  re p ea te d  investigations.
The corre lations b e tw een  chlorophyll c o n te n t a n d  p h y to b io m ass p ro d u c tio n  were ex ­

am ined b y  m eans of regression  analysis; besides, significance calcu la tions were also m ade 
(Sváb . 1973).

The species com position  and cover of th e  p la n t  s ta n d s  ex am ined  were nearly  iden tica l 
w ith  respec t to  field ex p erim en ts  and conditioned  c ircum stances. In  o u r s tu d y , we considered 
th e  follow ing species:

— S .-F . r. festucetosum  rupicolae: Festuca rupicola;
— S . - F .r .  stipetosum  capillatae: S tip a  capillata  an d  Salvia  nemorosa;
— S .-F . r. andropogonetosum : Bothriochloa (Andropogon ) ischaem um ;
— S .-F . r. poëtosum  angustifoliae: Poa angustifolia  an d  Achillea  collina.
These species to o k  th e  g reatest share in  th e  above-g round  p h y to b io in ass  p ro d u c tio n  

of our s tan d s  exam ined; th e ir  average shares are  show n in T able  2.
The nu m b er of o th e r  species form ing th e  s ta n d s  was be tw een  10 and  30.

Table 2

Average share o f  the p lan t species exam ined in  the above-ground phytobiomass
production

Species

Average share in the  above- 
ground phytobiom ass 

production (3)

Field experiment In  th e  photostat

Festuca rupicola 65.35 63.78

Stipa  capillata 56.46 43.90

Salvia nemorosa 13.45 26.51

Bothriochloa ischaemum 62.87 72.00

Poa angustifolia 39.26 39.02

Achillea collina 13.90 38.83

R esults

T he seasonal changes in ch lorophyll co n c e n tra tio n  ca lcu la ted  for d ry  
w eight in  th e  p la n t species exam ined o f  th e  lö szp u sz ta ré t a re  show n in
F ig . 1.

C hlorophyll c o n te n t essentially  show ed id en tica l changes in  field ex p eri­
m en ts and  in co n d itio n ed  circum stances d u rin g  th e  period  of in v estiga tions. 
D ifferences in  general arise from  th e  fa c t t h a t  in  th e  g rea t m a jo rity  o f th e  
species s tan d s  grow n in  th e  p h o to s ta t ( Festuca rupicola , S tip a  capillata , Salvia  
nemorosa, Achillea collina) th e  h ighest ch lo rophy ll co n cen tra tio n  developed

5 Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



6 6 ENDRÉDI, L.-HORVÁTH, I.
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Fig. 1. C hlorophyll co n cen tra tio n s a t  th e  sam pling  tim es, ca lcu la ted  for th e  d ry  w e igh t
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n o t a t th e  b eg inn ing  of th e  grow th period , b u t  la te r , w hile  in  th e  case o f fie ld  
experim en ts th is  w as experienced  only w ith  A chillea  collina. C hlorophyll co n ­
te n t  in  general in  th e  low est a t  th e  end of th e  v eg e ta tio n  p erio d , w ith th e  ex cep ­
tio n  of the  fie ld  s ta n d  of Poa angustifolia.

T he ab o v e-g ro u n d  p h y tob iom ass p ro d u c tio n  v a lu es  an d  th e  co rresp o n d ­
ing  ch lo rophy ll q u a n titie s  in  th e  various sam pling  periods are  given in  d e ta il 
in  T ab le  3 an d  d e m o n s tra te d  in  Figs 2, 3.

Table 3
The quantity  o f  the above-ground phytobiom ass production and the chlorophyll 

content o f  the phytobiom ass at the experim ental p o in ts  o f  time

Species
Sampling

tim es

Above-ground phytobio­
mass production (g/m2)

Chlorophyll content o f 
phytobiomass (mg/m2)

In field In  pho tosta t In  field In  p h o to sta t

Festuca rupicola l . 15.84 39.71 121 328
2. 85.75 135.56 433 1246
3. 161.00 207.50 506 1344
4. 112.00 237.58 359 1493
5. 85.75 168.42 274 956
6. 58.75 133.97 157 669

Stipa  capillata 1. 18.55 25.36 129 189
2. 148.62 81.12 980 750
3. 373.00 133.93 2205 1281
4. 341.60 162.53 1733 1304
5. 358.00 132.50 1280 820
6. 163.50 131.52 574 496

Salvia nemorosa l . 13.34 19.24 97 292
2. 31.62 54.70 228 660
3. 63.65 90.69 440 1741
4. 92.80 118.14 267 1426
5. 63.20 87.42 205 714
6 . 16.65 15.63 38 111

Bothriochloa ischaemum 1. 17.20 47.97 169 533
2. 112.75 189.24 780 1098
3. 362.63 257.55 2161 1415
4. 431.80 420.30 1820 2430
5. 190.50 225.42 715 805
6. 42.50 40.53 92 67

Poa angustifolia 1. 18.70 60.75 174 903
2. 150.25 103.59 914 995
3. 261.85 118.44 885 708
4. 197.65 89.98 605 342
5. 137.67 81.20 474 214
6 . 99.82 71.74 365 163

Achillea collina 1. 10.30 27.50 82 361
2. 38.75 79.67 422 1254
3. 55.00 116.26 500 1295
4. 74.88 126.64 520 1094
5. 55.25 98.50 311 805
6. 48.34 94.39 209 728
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in photostat

Fig.

Festuca Stipa Salvia Bothriochtoa Poa Achillea 

2. A bove-ground  p h y to b io m ass p ro d u c tio n s in  the  te s tin g  periods

D iscu ssion

On th e  basis o f o u r resu lts  concern ing  th e  above-ground  liv ing  p a r ts  of 
th e  p la n t  species w hich  are  d o m in an t or sh a re  in  th e  v e g e ta tio n  to  th e  g rea te s t 
p ro p o rtio n  of a lö szp u sz ta ré t, th e  follow ing inferences can  b e  draw n.

T he ch lorophyll co n cen tra tio n  ca lc u la ted  for th e  d ry  w eigh t was h igher 
in  th e  p h o to s ta t th a n  in  fie ld  ex p erim en ts  (F ig. 1) for Botriochloa ischaem um  
a n d  Poa angustifo lia , how ever, no s ig n ifican t differences could  he show n 
(T ab le  4). (S ignificance calcu la tions w ere m ade by  using  th e  d a ta  show n in
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F ig . 3. C hlorophyll q u a n titie s  in th e  above-g round  p h y to b io m ass p ro d u c tio n s a t  th e  te s tin g
tim es
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Table 4

Results o f  the significance tests o f  chlorophyll concentrations calculated fo r  dry
weights

Chlorophyll concentration calculated for the dry weight (н/mg)

Species
Mean values

Difference of 
mean values

Significant
difference

(SD)

P robability
level
(P)In  field In

pho to sta t

Festuca rupicola 4.15 6.81 2.66 1.96 i%
S tip a  capillata 5.09 7.37 2.28 1.65 5%
Salvia nemorosa 4.97 12.29 7.32 5.03

o
''

Bothriochloa ischaemum 5.47 5.57 0.10 — —

Poa angustifolia 4.82 6.53 1.71 — —

A chillea collina 7.48 10.75 3.27 2.38 1%

F ig . 1.). T he s itu a tio n  is th e  sam e in  th e  ch lo rophy ll q u an titie s  co rrespond ing  
to  th e  d ry  m a tte r  p ro d u c tio n  p er u n it o f area  (T ables 3 and  5).

T he h igher ch lo rophy ll c o n te n t in  con d itio n ed  circum stances is th e  con­
sequence of a low er level of lig h t energy . T he d ifferences am ong species are 
p ro b a b ly  ex p la inab le  b y  th e ir  d iffe ren t lig h t dem ands. T he cond itioned  c ir­
cum stances d iffe ren tly  in fluenced  th e  phy to b io m ass p ro d u c tio n  of th e  ex a m in ­
ed p la n t species. T h e  d ry -m a tte r  p ro d u c tio n  p er u n it  o f area  —  w ith  id en tica l 
cover in  Festuca rup ico la , Salvia  nemorosa an d  A chillea  collina, was con sid er­
ab le  m ore in  th e  p h o to s ta t  th a n  in  th e  fie ld  ex p é rim en ta is , w hile in  S tip a  
capillata  and  Poa angustifo lia  th e  p ro d u c tio n  va lu e  in  fie ld  ex perim en ts w as 
s ig n ifican tly  h igher. In  th e  tw o k inds of Bothriochloa ischaem um  s tan d s  th e re  
w as no essen tia l d ifference in  re la tio n  to  th e  q u a n ti ty  of d ry  m a tte r  p ro d u c tio n  
(T ables 3, 6).

Table 5

Results o f  the significance tests related to the chlorophyll content o f  above-ground
phytobiom ass

Species

The chlorophyll content of the above-ground phytobiomass production (mg/m2)

Mean values
Differences 

of mean values

Significant
differences

(SD)
Probab ility

(P)In  field In
pho tosta t

Festuca rupicola 303.33 1006.00 702.67 519.58 i%
S tip a  capillata 1150.14 806.67 343.50 286.63 10%

Salvia  nemorosa 212.50 824.00 611.50 531.14 5%
Bothriochloa ischaem um 956.17 1058.00 101.83 — —

Poa angustifolia 569.50 554.17 — 15.33 — —

Achillea collina 340.67 922.83 582.17 575.93 0.1%
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In  th e  co rre la tio n  analyses, we considered th e  ab o v e-g ro u n d  p h y to b io ­
m ass p roduction  p er u n it  of area , an d  th e  ch lorophyll q u a n titie s  correspond ing  
to  th em  (Table 3). T h e  resu lts of th e  regression analysis  a re  g iven  in  T ab le  7 
an d  in  Figs 4, 5.
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F ig . 4. C orrelations be tw een  above-ground  phy to b io m ass p ro d u c tio n s and  ch lo ro p h y ll q u a n ti­
ties in  the  p la n t s ta n d s  of field experim en ts
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A ccording to  o u r in v es tig a tio n s , th e re  is a close po sitiv e  lin ea r  regression 
re la tio n  betw een th e  d ry -m a tte r  p roduction  and  th e  ch lo rophy ll co n ten t —  
w ith  th e  exception  o f th e  Sa lv ia  nemorosa s ta n d  grow n in fie ld  experim en ts 
an d  th a t  o f Poa angustifo lia  in  conditioned  c ircum stances .

F ig . 5. C orrelations b e tw een  th e  above-g round  p h y to b io m ass  p ro d u c tio n s a n d  th e  ch lorophyl 
c o n te n ts  in  p la n t stan d s g row n in p h o to s ta t
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Table 6

Results o f  significance tests related to above-ground phytobiom ass production

Phytobiom ass production above-ground (g/m 2)

Species
Mean values

Differences Significant Probability

In  field In
photosta t

o f th e  mean 
values

differences
(SD)

level
(p)

Festuca rupicola 86.51 153.79 67.28 58.49 i%
Stipa  capillata 248.88 111.16 — 137.72 — 126.10 5%
Salvia nemorosa 46.88 64.30 17.42 12.47 5%
Bothriochloa ischaemum 192.90 196.83 — 3.93 — —

Poa angustifolia 144.32 87.62 — 56.70 — 53.17 10%
Achillea collina 47.09 90.49 43.40 41.32 0.1%

Table 7

Results o f  the regression analysis o f  above-ground phytobiom ass production and o f  the
chlorophyll content

Correlation between above ground phytobiom ass production and the 
chlorophyll content

Species Correlation coefficient
w

Probab ility  level of significance
(p)

In  field In  pho tosta t In  field In  photostat

Festuca rupicola +  0.8950 + 0 .8995 2% 90 /  
^ /О

Stipa  capillata + 0 .9012 + 0 .7851 2 % 10%
Salvia nemorosa + 0 .6 8 4 7 + 0 .8633 N o t significant 5%
Bothriochloa ischaemum + 0 .9 5 0 7 + 0 .9540 1% 1%
Poa angustifolia +  0.8277 +  0.2765 5% N o t significant

Achillea collina + 0 .7 8 7 5 +  0.7294 10% 10%

M ean values +  0.8411 +  0.7513 — —

Differences in  m ean values 0.0898 N o t significant N o t significant

The close co rre la tio n  be tw een  th e  above-ground  phy to b io m ass p ro d u c tio n  
an d  th e  ch lorophyll co n te n t of th e  p ro d u c tio n  is p ro v en  also by  th e  fac t th a t  
in  our experim en ts, for th e  p la n t species in  w hich th e  considerab ly  less lig h t 
energy in th e  p h o to s ta t  was accom pan ied  by  a large-scale  increase  in  th e  chlo­
rophy ll c o n cen tra tio n  ca lcu la ted  for th e  d ry  m a tte r  w eigh t, th e  o rg an ic -m a tte r 
p roduction  in  general also becam e considerab ly  h ig h er th a n  th a t  in  fie ld  ex p er­
im en ts. An excep tion  to  th is  is, how ever, S tip a  capilla ta , th e  p ro d u c tiv ity  
o f w hich was u n fav o u rab ly  in fluenced  by  th e  co nd itioned  circum stances. 
C oncerning th e  closeness of th e  corre la tion , i t  is w o rth y  of a tte n tio n  th a t  in
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Bothriochloa ischaemum  th e  nearly  id en tica l ch lo rophy ll c o n te n t in  th e  field  
ex p e rim en ts  and  in  co n d itio n ed  c ircum stances re su lted  in  v ir tu a lly  id en tica l 
q u a n tit ie s  of above-ground  p h y tob iom ass p rod u c tio n .

S um m ary

W e exam ined th e  co rre la tio n  betw een  th e  o rganic  m a t te r  p ro d u c tio n  
o f above-ground  liv ing  p a r ts  and  th e  ch lo rophy ll co n ten t in  d o m in a n t species 
w hich  ta k e  th e  g rea te s t sh a re  in  th e  d ry -m a tte r  p ro d u c tio n  o f  fo u r s tan d s  of 
th e  p la n t  association o f  a lö szp u sz ta ré t (Salvio- Festucetum  rupicolae panno- 
nicurti Zólyom i, 58). T h e  in v estig a tio n s w ere m ade fo r 180 d ay s, sam pling  
in  gen era l a t  30 d ay -in te rv a ls , in  fie ld  ex p erim en ts  an d  in  co n d itio n ed  c ircum ­
stan ces . T he la tte r  w ere p rep a red  in  p h o to s ta ts  devised b y  us. T h e  jd a n t  s tands 
w ere lig h t for 12 hours p e r  d ay  a t  12 000 lu x  lig h t in te n s ity  in  th e  p h o to s ta t. 
C h lo rophy ll co n cen tra tio n s w ere de te rm in ed  from  th e  fresh m a te r ia l, th en  
th e y  w ere calcu lated  fo r d ry  w eights. T he species com position  an d  cover of 
th e  p la n t  s tands ex am in ed  in  fie ld  ex p erim en ts  an d  in  co n d itio n ed  c ircum ­
stan ces  w ere v ir tu a lly  id en tica l.

T h e  following inferences can he  d raw n :
1. In  th e  p h o to s ta t , th e  low er energy  level of ligh t re su lted  in  a ch loro­

p h y ll concen tra tion  h ig h e r in  general th a n  th a t  in  fie ld  exp erim en ts .
2. T he above-ground  phy tob iom ass p ro d u c tio n  w as s ig n ifican tly  h igher 

in  th re e  species (Festuca rupicola, Sa lvia  nemorosa an d  A chillea  collina) in 
co n d itio n ed  c ircum stances, and  in  tw o species (S tip a  capillata  an d  Poa angusti- 
fo lia )  in  field  ex p erim en ts , w hile in  Bothriochloa ischaemum  th e re  w as no essen­
tia l dev ia tion .

3. There is in  gen era l a close p o sitiv e  lin ea r regression  re la tio n  betw een  
th e  above-ground p h y to b io m ass  p ro d u c tio n  and  th e  ch lo rophy ll c o n te n t o f th e  
p ro d u c tio n , bo th  in  fie ld  experim en ts and  in  cond itioned  circum stances.

4. Concerning th e  closeness of th e  co rre la tio n  no sig n ifican t differences 
w ere found  betw een  th e  p la n t  s tan d s grow n in  th e  fie ld  and  th o se  in  cond itioned  
circum stances.
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ALGAL SPECIES DIVERSITY IN TWO EUTROPHIC
FISHPONDS
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(R eceived: O ctober 2, 1976)

The S h a n n o n  m easure  o f species d iv ers ity  of th e  p la n k to n  algae ap p ro ach es its  
possible m ax im u m  (log2s) to  a sm aller e x te n t in a m ore eu tro p h  lake th a n  in  a less 
eu tro p h  one, an d  also its  abso lu te  size is sm aller. In  a considerable p a r t  o f th e  year, 
d iv ers ity  is d e te rm in ed  b y  th e  species n u m b er (/"’ =  0.5089), w hich  on th e  o th e r  h a n d  
is h ighly  co rre la ted  w ith  th e  d u ra tio n  o f sunsh ine (r =  + 0 .7 1 3 4  p <  0 .1%  Y  =  5.8912 +  
+  0 .18 Í0X ), b u t  low er w ith  inso lation  (r =  0.6161 p <  1% ). In  a sm aller p a r t  o f th e  
y ear, evenness p lay s a d o m in an t p a r t  in th e  changing of d iversity , if  e <  0.2. T h is 
period  falls to  th e  tim e  of th e  a lg a -m ax im u m  and  th e  n u tr ie n t  lim ita tio n  accom pany ing  
it. T he selective in h ib itin g  influence o f th e  b lue-green algae, w hich  p ro life ra te  a t th a t  
tim e  of y ear an d  decrease th e  evenness, is also p resum able. T he average species nu m b er 
is h igher, th e  average  evenness is low er in  a m ore eu tro p h  lake , an d  b o th  tendencies 
tak e  a stronger course in the  period  o f h igher num ber of algae (above 100 m illions of 
ind . per liter). T he M a r g a l e f  index  is co rre la ted  w ith  th e  S h a n n o n  index . T he p a ra m ­
e te rs  calcu la ted  w ith  a h igher accu racy  (H , R , J )  d id  n o t p rov ide  con sid erab ly  b e tte r  
re su lts , since th e  a lgal d a ta  co un ted  b y  m eans of th e  tra d itio n a l algological m eth o d  
p ro v id ed  a false s ta tis t ic a l  accuracy . T he re su lts  are d e m o n s tra ted  in a n ew -ty p e  colum n 
d iagram .

In  m y article on th e  ex a m in a tio n  o f  th e  tw o  fish p on d s (H a j d ú , 1974)
I  also a tte m p te d  to  ch a rac te rize  th e  s tru c tu re  of th e  co m m u n ity . “ I t  is a very  
ch a ra c te ris tic  phenom enon  th a t  in  sum m er, in  th e  m ore eu tro p h ic  lake , 
a Chlorophyta  a rrives a t  a sa lien tly  h igh  dom inance, w hile  th e  species n u m b er 
o f th e  p o p u la tio n  rem ains th e  sam e, o r i t  increases only  s lig h tly .”  T h is was 
such a conspicuous ch a rac te ris tic  th a t  th e  tre n d  appeared  even from  th e  tab le . 
B y ana ly sin g  th e  s tru c tu re  o f th e  associa tion  w ith  a f in e r  m eth o d  (d iv e rs ity  
ex am in a tio n ), a considerab ly  g rea te r n u m b e r of ch arac teris tics  can  be recogn iz­
ed an d  even th e  possib ility  of re search ing  for co rre la tions w ith  th e  various 
ecological fac to rs arises. I f  th e  tab le  o f d a ta  is regarded  as an  im p lic it fu n c tio n , 
th e n  th e  d iv e rs ity  in d ex  is (one of) th e  exp lic it fu nc tion  form .

A lgologists h av e  fo r a long tim e  endeavoured  to  p rov ide  th e ir  d a ta  in  
a m ore  easily  in te llig ib le , m ore exp lic it, an d  th erefo re  in  an  e x p ec tab ly  m ore 
valued  form .

In  algology, th e re  a re  sign ifican t tra d itio n s  of qua lify ing  on th e  basis of 
th e  so-called b io ind ica to rs. In  th a t ,  th e  ind iv idual species of th e  co m m u n ity  
—  th e  b io ind ica to rs —  are paid  special a tte n tio n , w hen from  th e ir  presence 
inferences are d raw n w ith  respect to  ce rta in  ch arac teris tics  o f th e  en v iro n m en t.
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In  th ese  cases, how ever, m ore  or less of th e  species are  le ft o u t o f  considera tion ; 
species w hich on th e  g iven  level o f our know ledge are n o t considered as in d i­
ca to rs , or, m ore e x a c tly , we h av e  n o t y e t recognized  w h a t th e y  ind ica te . T he 
in d ic a to r  m ethod  h as  sev era l d isad v an tag es an d  one <i f  th e  m ost sign ifican t 
is t h a t  th e  n u m b er o f th e  species w hich a re  considered  as in d ica to rs  is insign if­
ic a n t in  com parison  w ith  th a t  o f th e  o th e r species w hich m ay  em erge. T he 
in d ic a to r  species, in  m o s t o f  th e  cases, w ere “ c a lib ra te d ”  b y  w ay  o f experience 
w hen  th e y  w ere in  co m m u n ity ; i t  w as only  in  th e  ra re s t  cases th a t  th ey  w ere 
superv ised  in axenic  c u ltu re s . T he in d ica to rs  a re  alw ays p a r tic ip a n ts  of a d y ­
n am ic  com m unity ; th e y  re fle c t th e  ch a rac te ris tic s  o f n o t only  th e  anorganic , 
h u t  also of th e  b io tic  en v iro n m en t, th ere fo re , b y  w orking  w ith  ind ica to rs, 
th e  in form ation  can be  o b ta in e d  on th e  level o f th e  co m m u n ity  and  n o t from  
an  “ au tecological”  sou rce . T h e  m ost w idespread  p ro d u c t o f th e  in d ica to r con­
cep tio n  in  hyd ro b io lo g y  is th e  saprobio logical sy stem , w hich b y  m eans of 
a ra th e r  insensitive  sca le  prov ides in fo rm atio n  on th e  level o f th e  saprobe 
c o n te n t. The re s tr ic tio n s  of saprobiology becom e to  a considerab le  e x te n t 
ev id en t by  th e  fa c t th a t  in  b o th  of th e  tw o fish p o n d s exam ined  th e  sap ro b ity  
ind ices calcu lated  on th e  basis of algae w ere b e ta -m esosap rob ic  (H a j d ú , 1974), 
w hereas one of th e  p o n d s  w as co n stan tly  receiv ing  fertilizers from  th e  goosery 
s itu a te d  on its  shore. T h e  tru e  field  of ap p lica tio n  of th e  sap ro b ity  index  is 
in  th e  ind ica tion  o f  th e  organ ic  co n tam in a tio n  w hich rap id ly  changes in  space 
a n d  tim e , or is o f a g re a t q u a n tity . T he lis t of th e  tro p h y  in d ica to rs  is m uch 
m ore  m odest th a n  even  th a t  (cf. H o o per , 1969). T h e  m eth o d  o f com m unity  
s tru c tu re  analysis in c reas in g ly  gains g round  also in  algology. O ne of its  m ost 
w idesp read  kinds is d iv e rs ity  ex am in a tio n . In  opposition  to  th e  sap ro b ity  
in d e x , th e  d iv e rs ity  in d e x  is m uch m ore sen sitive  and  exact, because i t  is m ore 
m ath em atized  an d  in fo rm s us on th e  to ta l  e ffect o f all env iro n m en ta l fac to rs 
in fluenc ing  liv ing b e ings. T his ad v an tag e  is a t  th e  sam e tim e  a d isad v an tag e  
to  a ce rta in  e x te n t, b ecau se  th e  effect o f th e  fac to rs  can  be  sep ara ted  only  if  
th e y  are  m easured  s e p a ra te ly  and  can be  co rre la ted  w ith  th e  d iv e rs ity  in d ex . 
O ne of th e  best m e th o d s  of exam ining  th e  process o f e u tro p h ica tio n  from  th e  
algological side (H o o p e r , 1969) is th e  d iv e rs ity  analysis.

M aterial

I t  was reaso n ab le  to  choose an  eu tro p h ic  w a te r , a fishpond , to  exam ine how tro p h y  
affec ts diversity . In  th is  c o u n try , researches concerning fish p o n d s can , as a re su lt of p rim arily  
th e  w ork  of H o rto bá g y i, look  b ack  to  a fine tra d it io n  (H o rto bá g y i, 1950, 1957, 1958, 1959, 
1963, 1965, 1967). T hese  ex am in a tio n s  can prov ide  a usefu l basis for re ce n t eu tro p h ica tio n  
investiga tions. The d e sc rip tio n  of th e  tw o fishponds ex am in ed  an d  th e  w ay  of sam pling is to  
be  fo u n d  in a p rev ious p a p e r  (H a jd ú , 1974), w here th e  q u a n tita tiv e  d a ta  were published.
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M ethods

I t  is know n (H a ir st o n , 1959, H u r l b e r t , 1971, Sh e l d o n , 1969) th a t  th e  species num ber 
o f  th e  sam ple depends on th e  n u m b er o f in d iv id u a ls  ac tually  c o u n te d  in  th e  sam ple, therefore, 
as fa r  as possible, id en tica l sam ple sizes sho u ld  be used. T his re q u ire m e n t is especially  valid  
fo r th e  B r il l o u in  index  (P ie l o u , 1975, M oss, 1973); the  Sh a n n o n  index  is to  a  g re a t e x te n t 
insensitive  w ith  re sp ec t to  th e  size o f th e  sam ple. W hen processing  th e  m ate ria l o f th e  fish ­
ponds, th e  p r im a ry  aim  is to  o b ta in  q u a n tita tiv e  d a ta ; th e  ex is tin g  d a ta  are su b seq u en tly  
e v a lu a ted  for th e ir  d iversity . In  th e  q u a n ti ta t iv e  work we use th e  to ta l  n u m b er of algae (IV), 
w hich  changes as u sua l, since th e  q u a n tit ie s  of algal density  a n d  of th e  ab ioseston  in th e  in ­
d iv id u a l sam ples are d ifferen t. In  th e  2 m l U th erm ö hl  ch am ber i t  is u su a lly  a d iagonal w hich 
is coun ted  th ro u g h , and  th e n  each  of th e  algae is recorded by  species. F rom  th e  lis t th u s  ob ­
ta in e d . we choose th e  species o f w hich  few er th a n  50 —100 specim ens were fo u n d  an d  for th em  
we con tinue  coun ting  in  a n o th e r d iagonal so th a t  th e  s ta tis tic a l accu racy  can be b ro u g h t to  
a n ear iden tica l level (0.95 confidence l im it  expressed as p e rcen tag e  of co u n t: ^ 4 0 — 20% ). 
W e carry  o u t th is  coun ting  w ith  re sp ec t to  a b o u t 5 — 20 species in  a  sam ple. F o r th e  large-bodied  
ra re  species, w hich , how ever, c o n stitu te  th e  m ajo rity  of th e  b iom ass, as for exam ple  Ceratium  
th e  species on th e  whole b o tto m  of th e  ch am b er are counted. T h is is th e  U th er m ö h l’s (1958) 
e lastic  cham ber m ethod .

T he species w hich h ad  n o t com e to  th e  eye during  th e  q u a n titn tiv e  w ork , b u t  were 
fo u n d  a t  th e  q u a lita tiv e  analysis, w ere m ark e d  w ith  cross in th e  T ab le  (H a jd ú , 1974). W hen 
calcu la tin g  th e  index  these  crosses w ere u n ifo rm ly  changed in to  one. In  th e  in te res ts  of th e  
calcu la tio n  tech n iq u e  described above, th e  in d ex  h ad  to be ca lcu la te d  by  using  a v e ry  high 
to ta l  n u m b er of a lgae (in  an  ex trem e  case 508 000) b ro u g h t to g e th e r in  a  com m on u n it  o f volum e, 
t h a t  is, in one m illiliter. M ultip ly ing  u p w a rd s  is necessary to  d e te rm in e  th e  p ro p o rtio n  of th e  
algae re la te d  to  each  o th e r in  a com m on u n i t  of volum e. T his com m on  volum e m u st be th e  
sm allest possible so th a t  th e  n u m b ers sh o u ld  n o t be too high, th e re fo re  i t  is reasonab le  to  nam e 
i t  as sm allest com m on volum e. T h u s i t  is b e tte r  if  th e  sm allest com m on vo lum e corresponds 
to  th e  larg est a c tu a lly  coun ted  vo lum e of th e  cham ber, in stead  of th e  one l ite r  w hich  is usual 
in th e  case o f q u a n tita tiv e  w orks (for ex am p le  2 ml if the-hole b o tto m  slide is w holly  counted). 
T he d a ta  of th e  infraspecific  ta x a  w ere in te rp re te d  as sep ara te  sources of in fo rm atio n , th ey  
w ere n o t tak e n  to g e th e r w ith  th e  d a ta  o f th e  species; i t  is an y h o w  in freq u e n t th a t  th e  species 
occurs to g e th e r w ith  its  v a r ie ty  or fo rm .

T he basic d a ta  are given in  in d iv id u a l/m illilite r un its  on th e  basis o f th e  sam ples tak e n  
from  th e  two fishponds m o n th ly . F ro m  th is  an d  from  th e  av erage  vo lum e of th e  in d iv idual 
algae, we calcu la ted  th e  to ta l  volum e o f th e  species as well. T he d iv e rs ity  re su lts  ca lcu la ted  on 
th e  basis of th e  volum e d a ta  will be p u b lish ed  in  m y n ex t p ap er. A ccording to  F ogg (1975), 
th e  p ro d u c tio n  shows th e  b es t co rre la tio n  w ith  th e  cell surface, th ere fo re  i t  w ould  hav e  been  
ju s tif ie d  to  calcu la te  th e  cell surface, too . H ow ever, while th e  v o lu m e can  be well m easu red  by  
m eans of p las tilin e  m odels, in  th e  case o f th e  surface a k ind  of e s tim a tio n  has acq u ired  a m uch  
g rea te r role, therefo re  i t  was d isregarded .

W hen  co u n tin g  th e  d iv ers ity , we u se d  th e  logarithm  of b ase  tw o , therefo re  th e  va lue  of 
H "  falling  to one species is to  be u n d e rs to o d  in  b it in d iv id u a l.-1  *

Since no d e fin ite ly  c rysta llized  s ta n d p o in t  has as y e t been  reach ed  in  th e  lite ra tu re  in 
re sp ec t of th e  index  to  be used  for th e  e s tim a tio n  of th e  s tru c tu re  dy n am ism  of th e  a lgal asso­
cia tions, we com posed a  co m p u te r p ro g ram m e  b y  m eans of w hich  all p a ram ete rs  respec tive ly  
s ta tis tic s , ju d g ed  as im p o r ta n t on  th e  basis  o f th e  p relim inary  o rien ta tio n , can  be calcu la ted  
(see below  nu m b ered  from  1 to  20). A  few  o f these  param eters w ill p ro b a b ly  be superfluous and  
can  be  o m itted  from  fu r th e r  ex am in a tio n s . T he equations e n u m e ra te d  below  are p a r tly  tak e n  
from  th e  w ork of Р е е т  (1974) a n d  o f P ie l o u  (1975), and p a r tly  th e  re su lt o f m y ow n consider­
a tions.

XN
Sym bols: H 1 and  H "  are th e  Sh a n n o n  d iversity , p, ■ J4

N
V lie re

N
is th e  re la tiv e

freq u en cy  of th e  i-tli species in th e  sam p le ; s is th e  num ber o f species p e r sam ple; v a r  [H] is th e  
v a r ia n cy  of th e  Sh a n n o n  m easure  o f d iv e rs ity ; H  is th e  B r il l o u in  m easu re  o f d iv ers ity  com ­
p u te d  b y  St ir l in g  a p p ro x im atio n  acco u n ts  to  eq u atio n  (20); R t , B 2, R 3, Д , are th e  red undancies 
c a lcu la ted  w ith  va rio u s accuracies; J u  , / 2, J 3, J 4 are th e  e q u itab ilitie s  calcu la ted  w ith  various 
accuracies; M  is Ma r g a le f’s index  o f species richness; e is th e  L l o y d -Gh e l a r d i m easu re  of

* C onversion m odules: H ",2\ x  0.3010299957 =  ff"(1{l) d e c i t / i n d H " ( 2) X 0.6931471806 =  
=  H '\ e) n it/in d ., H \ w) X 3.321928095 =  H " (2) b it/in d ., H '\e) X 1.442795041 =  H "{2) b it/in d .
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e q u ita b ili ty  (L loyd-Gh e l a r d i, 1964); d  is an  index  of d o m inancy , th e  ra tio  o f  th e  m axim ally  
re p re se n ted  species in th e  sam p le  (S im pso n , 1949).

H ' =  - Z  P i log2 Pi ; H ” =  -  2  - ^ l o g 2
i =1 i = l  1У

var [H"] =
( У  —  log., -n '- 
\ f± x N  s - N

N
s — 1

'  2 Л '2

1 Лг!
я =  л г ’° ^

1
w (log2 IV!) — l°g 2 n,

/'=l

-  У  ~  log , —  H— —  £ x N  82 N  ^  21V

R, =

— 2  log2 n, (s — 1) log2 (2я) +  lo g 2 N
i=l

H "  m ax , -  H "
H "  m ax,

R, =

R, =

H "  m ax , -  H " 
H "  m ax , — H  m in2

H "  m ax 2 — I t

Ri — Г7/,

H "  m ax 2

H "  m ax 2 — H  
H "  m ax 2 — H  m in 3

H "  m axj =  log2 s

It m a x , =  -g ^log, IV! — s log , ! j

H "  mirij =  0

H  m in , =  ™  {log, m  -  log, [IV — (s -  1)] ! }

( 1 )

( 2)

(3)

(4)

(5)

( 6)

(7)

( 8) 

(9)

( 10)

( 11)

H  m in 3 =  [log2 1V +21V  log2 N  — log, (IV +  1 — s) -  

— 2 (N  4  1 - s) log, (TV -j- 1 — s) (1 — s) log, 2 .t ]
( 12)

J i  =  1 -  R i  =  , , H  -H  m ax, (13)

J 2 = 1 R , (14)

Л = 1 R 3 (15)

J i =  1 -  «4 (16)

S —  1
“  Tuât (17)

s '
£ =  ---

s (18)

d  =  (Pi) m ax =  J t j Ê * . (19)

log2 i ï r i  + log, Ÿ N  +  N  log2 N  N (20)
C om putation  b y  a V id eo to n  1010 BM co m puter b y  m eans of ASA F O R T R A N  p ro ­

g ram m e  (available on  re q u es t) .
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Results

O f 108 se t o f d a ta , 14 pa ram ete rs  w ere ca lcu la ted . In  th e  f irs t  p a r t  of 
th e  series of p ap ers , we give here  th e  m ost im p o r ta n t d a ta  ca lcu la ted  on th e  
basis of th e  n u m b e r o f  algal ind iv iduals o f th e  species (T able 1). L a te r  we shall 
describe also th e  changes o f these  p a ram e te rs  a t  th e  level of genus and  d iv ision  
as well as th e  values ca lcu la ted  on th e  basis o f th e  volum e. Ow ing to  lack  of 
space, a few  o f th e  less m ark ed  p a ram e te rs  h a v e  been  le ft o u t o f th e  T ab le , 
b u t  in  th e  d iscussion  we to u ch  th e  conclusions th a t  can  be d raw n  on th e ir  
basis.

Table 1

Yearly  change o f  the m a in  param eters and statistics in  the two fish p o n d s  exam ined

Fertilized, more eutroph fishpond

Mónth N 1000 i./l. s Я ” bit/i. [Я ’*] var Л Я
S -l

In  N d  % e

J 3 602 18 2.1613 0.0017 0.51830 2.1461 2.0759 48.96 0.33

F 3 127 19 3.2329 0.0037 0.76105 3.2098 2.2366 31.47 0.74

M 7 589 21 3.1174 0.0013 0.70970 2.9251 2.2385 34.58 0.66

A 29 016 17 2.2980 0.0003 0.56220 2.2948 1.5571 58.97 0.53

M 40 592 36 4 .2057 0.0005 0.81349 4.2012 3.2984 15.58 0.75

J Y 349 518 72 1.7994 0 . 0 0 0 0 0.29165 1.7990 5.5624 79.82 0.05

A 185 570 68 2.6742 0 . 0 0 0 1 0.43929 2.6726 5.5230 56.12 0.13

S 508 734 53 2.1272 0 . 0 0 0 0 0.37137 2.1266 3.9575 66.21 0.11

0 156 111 67 3.2066 0 . 0 0 0 1 0.52861 3.2336 5.5192 39.80 0.19

M ean 142 651 41 2.7581 0.0009 0.55507 2.7343 3.5520 47.95 0.38

U nfertilized, less eutroph fishpond

J 257 12 2.0294 0.0283 0.56610 1.9223 1.9823 63.42 0.41

F 10 144 16 0.7867 0.0002 0.19667 0.7825 1.6261 84.35 0.25

M 5 250 18 2.9472 0.0018 0.70676 2.9338 1.9846 29.68 0.62

A 4 684 30 4.3587 0.0040 0.88828 4.3321 3.4311 9.63 1.1

M 39 068 44 4.6963 0.0006 0.86022 4.6907 4.0669 9.52 0.86

J Y 24 061 46 3.4889 0.0006 0.63164 3.4824 4.4606 25.51 0.35

A 12 442 61 4 .4589 0.0020 0.75183 4.4549 6.3636 15.82 0.57

S 78 207 53 4 .0006 0.0002 0.69843 3.9974 4.6152 21.17 0.43

0 125 048 39 2.7378 0.0001 0.51799 2.7362 3.2379 48.24 0.23

M ean 33 240 35 3.2783 0.0042 0.64644 3.2591 3.5298 34.15 0.53
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In  co lu m n -d iagram m e N o. 1, a som ew h at m ore illu stra tiv e  w a y  o f  
d em on stration  is in trod u ced  th an  th e  earlier ones: th e  em p ty  part o f  th e  co lum n  
in d ica tes  th e  m a th em a tica l m axim u m  o f  d iv er s ity , w h ile  th e  b lack  p art in d i­
ca tes  th e  actu al va lu e . C om p lem en tarily  to  th is , in d iagram m es N os 2 and 3 
th e  ch an ges in  th e  tw o  com p on en ts o f  d iv ersity , v iz . sp ecies n u m b er and  
ev en n ess as a fu n ction  o f  t im e  are in d ica ted . T he linear broken lin e in  th e  
d iagram m es d en otes th e  y ea r ly  average o f  th e  p aram eter illu stra ted  on  th e  
b asis o f  n ine sam ples.

f e r t i l i z e d
M a x i m u m  a n d  a c t u a l  

d i v e r s i t y  (H*)

u n f e r t i l i z e d

F ig . 1. Y early  course o f th e  S h a n n o n -d iv ers ity  ( i f ” ) and  its  m ax im um  (log2s) in th e  fishponds 
F ig. 2. T h e  m o n th ly  species n u m b er (s) in  th e  fishponds 
Fig. 3. Y e a rly  change of th e  evenness (J ) in  th e  fishponds
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T ab le  2

The values o f  all parameters computed. Note the m inor differences between H ”  and  H , 
and those between R  and J  values

Я ” =  4.2057 v a r H ” =  0.0005

H =  4.2012 M =  3.2984

R, =  0.18651 J t =  0.81349

r 2 =  0.18703 J 2 =  0.81297

« 3 =  0.18652 Л =  0.81348

«4 =  0.18708 ■h =  0.81292

d =  15.58% E =  0.75

On a ran d o m ly  chosen sam ple  (fertilized  fish p o n d , in M ay) we p re se n t 
all th e  fo u rteen  s ta tis tic s  (T able  2), w hen s =  36, N  =  40 592 th o u sa n d  
in d .l i te r -1 .

C olum n d iagram m e N o. 4 show s th e  changes in  th e  to ta l  n u m b e r  of 
algae d u rin g  th e  year, while d iag ram m e N o. 5 th e  dom inance ca lc u la ted  on 
th e  basis o f eq u a tio n  No. 19.

A fte r H utch eso n  (1970) we m ad e  a t- te s t on th e  basis of v a r  i f ” ; all i f ”  
differed  from  one an o th er a t  a v e ry  h igh  degree of freedom .

f e r t i l i z e d u n f e r t i l i z e d

Fig. 4. T he num ber of algae (N ) in  th e  d iffe ren t m o n th s in the  fishponds 
F ig . 5. The change of th e  in d ex  of dom inancy  (d) in th e  fishponds
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D iscussion

T he average  o f  d iv e rs ity  (if n o t o th e rw ise  in d ica ted , b y  d iv e rs ity  we 
alw ays m ean H ” ) is low er in  th e  more eu tro p h ic  pond  th a n  in  th e  less eu tro p h ic  
one, even th o u g h  th e  av e rag e  of the possib le  m ax im u m  (log2 s) is, ow ing to  th e  
g re a te r  species n u m b e r, even  som ew hat h ig h e r in  th e  eu troph ic  pond . In  o th e r 
w ords: th e  ac tu a l d iv e rs ity  a t  th e  average  ap p ro ach es th e  possible one b e tte r  
in  th e  less eu tro p h ic  p o n d .

C onsidering th e  v a rio u s  d iversity  v a lu e s , tw o m inim um  values occur 
d u rin g  th e  y ear: one in  w in te r  and th e  o th e r  in  th e  m iddle of sum m er. In  th e  
ev a lu a tio n  we m u st p a y  a tte n tio n  to th e  d iag ram m es o f evenness and of species 
n u m b er; in th e  w in te r p e rio d  which is poor in  sunsh ine , th e  evenness is also low, 
th e  ac tu a l H "  is h a rd ly  m ore th an  th e  h a lf  o f  th e  possible va lue . Im p ro v in g  
cond itions m ake th e  in c rease  in evenness m u c h  sooner possible th a n  th e y  do 
in  re la tio n  to  species richness. Since evenness rises qu ick ly  an d  stay s  a t  a high 
level even su b seq u en tly , in  th is period a fu r th e r  increase o f H "  depends on 
th e  species nu m b er. T h e  sam e dependence on th e  species n u m b er is ch a ra c ­
te ris tic  o f the. a u tu m n  a n d  w in ter periods as w ell, h u t only w ith  an  opposite  
sign, th a t  is, th e  decrease  o f th e  species n u m b e r  has a decisive effect on th e  
changes in H " . In  th e  m idd le  of sum m er, th e  s itu a tio n  is d ifferen t, th e  species 
n u m b er hard ly  changes, h u t evenness decreases considerab ly , th a t  is, a few 
o f th e  species are  e x tre m e ly  dom inan t. T h e  decrease  in evenness is m uch m ore 
p ronounced  in th e  m ore  eu tro p h ic  pond.

On th e  basis o f th e  preceding analy sis  i t  appears th a t  th e  n u m b e r of 
species determ ines d iv e rs ity  in a considerab le  p a r t  o f th e  year, and  th is  d e te r ­
m in a tio n  p red o m in a tes  to  a sm aller e x te n t  in th e  m ore eu tro p h ic  w ate r; 
in  th e  period of a g rea t n u m b e r of algae, a sm all evenness is th e  decisive form ing

Fig. 6. C o rre la tio n  d ia g ra m  b e tw e e n  H ” a n d  H
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co m p o n en t. To p rove th is , we ca lcu la ted  from  th e  d a ta  of th e  tw o  fish p o n d s 
a lin ea r co rre la tio n  betw een the  v alues o f H "  an d  / / m . T he la t te r  is log., s,
th u s  i t  depends only on th e  species n u m b er. In c id en ta lly , i t  shou ld  be  m en ­
tio n ed  th a t  as a m a tte r  of fact co rre la tions shou ld  be searched fo r on ly  betw een  
m easu red  d a ta  o f know n d is trib u tio n . C orre la tions betw een ca lcu la ted  p a ra m ­
e te rs  —  especially  if  th ey  also h av e  a com m on m em ber — is n o t in te rp re te d . 
I t  is a p p a re n t in  th e  co rrelation  d iag ram m e (F ig . 6) th a t  if th e  enclosed po in ts  
are  le f t ou t o f considera tion  th en  a good co rre la tio n  can be ex p ec ted . Such 
a s tra ta g e m  is allow able in the  case w hen  th e re  is a biological reason  fo r leav ing  
o u t so m eth ing  from  our consideration . In  th is  case, th e  requ irem en t is co m p le te ­
ly  fu lfilled , since th e  four po in ts fa ll indeed  to  th e  sum m er period  o f th e  
fe rtilized  pond , w hen  evenness is low (th e  le tte rs  b y  th e  side of th e  po in ts  
a re  th e  in itia ls  o f th e  m onths).

F ro m  th e  to ta l  18 d a ta  r =  -f~0.3208 N .S . p^>  10%  L eaving  o u t J u ly  
O ctober, r =  +  0,7746 p  <  0,1 %  re =  14, У  (H) =  X (iog2S) — 1,48.

O nly  J u l y -  O ctober r =  -1- 0.0595; th e re  is no assessible co rre la tio n ,
fo r th e  w hole y ear betw een  J  an d  i f ” , r =  J-0 .2636 N .S ., У^Н) =  

=  2.11 +  1.46 X (J).
I t  c learly  ap p ears  th a t  d iv e rs ity  has a section  depending  on s, and  

a n o th e r  one d ep en d in g  on J ,  and th is ./-d ep en d en ce  ( th a t is, th e  low J  decreases 
d iv e rs ity  s tro n g ly ) is m ore p ronounced  a t  th e  tim e  of th e  g rea te r n u m b e r of 
a lgal in d iv id u a ls . T he ./-dependence here  in d ic a te s  th e  m ore eu troph ic  c h a ra c te r , 
it  ap p ea rs  a t  an  of algal density  a b o u t 100 m illion in d iv id u a l/lite r. I t  is 
w o rth y  of a t te n tio n  th a t  H u l b u r t  (1970) also n o ticed  the  ap p earan ce  o f th e  
n u tr ie n t  co m p e titio n  a t a sim ilar o rd er o f m ag n itu d e  in th e  n u m b e r of algal 
in d iv id u a ls ; it  was in  th is  period th a t  th e  spheres lack ing  n u tr ie n t a ro u n d  th e  
a lgae in te rc e p te d  w ith  one ano ther. W e a t te m p te d  to  determ ine in  th e  ponds 
ex am in ed  w hen is i t  th a t  th e  ./-va lue  is c ritica l from  th e  v iew poin t o f fo rm ing  
th e  d iv e rs ity  index . J  =  0.5 appears to  be such  a lim it value, b u t o n ly  w hen  
th e  n u m b e r of th e  species is a t the  sam e tim e  g rea t. In  th e  fertilized  fish p o n d  
it is c ritica l from  J u ly  to  O ctober, it  is n o t c ritica l in  the fertilized  po n d  in 
J a n u a ry , in th e  u n fertilized  one in J a n u a ry , F e b ru a ry  and O ctober because 
in  th e  la t te r  cases a low  s accom panies th e  low  J . A m ore u n am biguous b o rd e r 
line can  be d raw n  on th e  basis of e, since here  th e  values below 0.2 in d ica te  
w ith o u t ex cep tion  th e  critical u n e q u ita b ility . K ir c h e r  (1972) o bserved  in  
b ird s s im ila r s-d ep en d en t and ./-d ep en d en t periods in  d iversity ; J  dependence  
was c h a ra c te ris tic  of th e  u n favourab le  period  even  there .

I tr ie d  to  d e te c t w h a t k ind of en v iro n m en ta l fac to r can be re sponsib le  
for th e  sh a rp  sep a ra tio n  o f th e  tw o periods. A t th e  tim e  of th e  ./-d ep en d en ce  
th e  m ost c h a rac te ris tic  fea tu re  in th e  eu tro p h ic  pond , from  th e  p o in t o f view  
of th e  algae, is th a t  th e  unsatisfied  n u tr ie n t  d em an d  surpasses b y  severa l 
h u n d red s  of th o u sa n d  tim es the  n u tr ie n t su p p ly , fo r exam ple, in p h o sp h o ru s.
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A lth o u g h  th e  a sm alle r e x te n t, a s im ila r sh o rta g e  occurs in o th e r im p o r ta n t 
n u tr ie n t  elem ents as w ell (F ogg , 1975). U n fo rtu n a te ly , I  could n o t coun t 
a co rre la tio n  b e tw een  th e  co n cen tra tio n  of th e  n u tr ie n t and  th e  evenness, 
because  1 h ad  n o t enough  d a ta  from  th is  p e rio d  n o r possibilities to  m easu re  
th e  n u tr ie n t-c o n te n t d a ta  of such  a g rea t sensitiveness. In  th is  case th e o re tic a l 
considera tions m u s t su b s ti tu te  proof. T he n u tr ie n t  shortage  in  su m m er is an  
u n q u estio n ab le  fa c t. S everal algae a re  ab le  to  s to re  phosphorus in  q u a n titie s  
th a t  ex ten d  fa r b ey o n d  th e ir  need. T hese, a t  th e  tim e  o f shortage in phosp h o ru s, 
a re  in  a m ore ad v an tag eo u s  p o sition  th a n  th e ir  fellow  algae, w hile such  an  
a d v a n ta g e  leads in v a ria b ly  to  th e  decrease in  evenness. F uh s  (1969), for 
exam ple , experienced  th a t  th e  rep ro d u c tio n  o f  th e  tw o d iatom s exam ined  
w as m ore decisively in fluenced  b y  th e  q u a n t i ty  of phosphorus w hich  had 
a lread y  been b o u n d  in  th e  cell th a n  b y  th e  one w hich had been so lved  in 
w a te r . In  th e  fou r su m m er m on th s of low evenness, the  p ro p o rtio n  o f th e  
b lue-g reen  algae in creased , an d  in  A ugust even  w a te r  bloom  a p p ea red . T he 
b lue-g reen  algae m a y  secre te  m a te ria ls  in to  th e  w a te r  w hich in h ib it th e  re p ro ­
d u c tio n  of the  o th e r  algae (B o y d , 1973; M u r p h y  e t ah, 1976). T his in h ib itio n  
has also an  effect to w a rd s  th e  decrease in  J .  C oncern ing  th e  sho rtage  in  n u tr ie n t  
d u rin g  th e  critica l fo u r m o n th s, th e re  is an  in d ire c t evidence. F rom  th e  basic 
d a ta  (H a j d ú , 1974), a B rav a is- ty p e  lin ea r  co rre la tio n  is ca lcu la ted  betw een  
th e  to ta l  n u m b er o f b a c te ria  co u n ted  on th e  m em b ran e  filte r  an d  th e  to ta l  
n u m b e r  of algae. T h e  co rre la tion  is p o sitive  fo r th e  unfertilized  p o n d : r =  
— + 0 .6 0 3  p  -+ 5 % , O ctober le ft o u t: r =  + 0 .8 4 3  p  +  1% ; i t  is, on  th e  o th e r  
h a n d , no for th e  fertilized  pond : r =  — 0.016 n =  9 N.S. I f  in th e  fertilized  
p o n d  th e  tim e  in te rv a l is narrow ed  to w ard s  th e  g rea te r algal n u m b e r, th e n  
betw een  M ay and  O c to b er th e  co rre la tio n  is a lre a d y  closer, b u t still n o t a c c e p t­
ab le , r =  — 0.831 p  <  10%  n  =  5, w hile  in  th e  critical sum m er m o n th s , 
be tw een  Ju ly  an d  S ep tem ber, th e  co rre la tio n  is even  closer, r =  — 0.999 J> + 5 %  
n —  3. T he g re a te r  m ass of th e  algae in h ib its  th e  b ac te ria  in  th e  co m p e titio n  
fo r  th e  n u tr ie n t, th a t  is w hy th e  increasing  n eg a tiv e  co rrelation  occurs (cf. 
R h e e , 1971. F it z g e r a l d , 1969 etc .).

T h e  g raph  o f species richness rises u n t i l  th e  sum m er period , th e n  i t  
decreases and  a u to m a tic a lly  offers th e  h y p o th es is  th a t  the  species n u m b e r 
changes in  p ro p o rtio n  w ith  th e  q u a n ti ty  o f  sunsh ine  during  th e  y ea r. T he 
sunsh ine  can be  ch a rac te rized  on th e  one h a n d  b y  th e  inso la tion , its  u n it  is 
K k a l c m -2 m o n th -1 , an d  on th e  o th e r  h a n d  b y  th e  d u ra tio n  of sun sh in e , its  
u n it  is hour m o n th -1 . F o r th e  co rre la tio n  ca lcu la tio n  I used th e  50 y e a rs ’ 
av e rag e  of th e  d a ta  m easured  b y  th e  M eteorological In s t i tu te  in  B u d ap est. 
In so la tio n  an d  species n u m b er show  close co rre la tio n : r =  + 0 .6 1 6 1  p  +  1%  
n  =  18. T he d u ra tio n  of sunsh ine  an d  th e  species n u m b er show  m ore  close 
co rre la tio n : r =  + 0 .7 1 3 4  p  <  0 .1%  n =  18 =  5.8912 +  0 .1810X . T hus
it  is n o t th e  in te n s ity  of sunsh ine  b u t ra th e r  i ts  d u ra tio n  th a t  d e te rm in es th e
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species richness in  th e  ponds; th e  coefficient of d e te rm in a tio n s  r2 =  0.5089. 
th a t  is, th e  d u ra tio n  of sunshine is to  50.89%  th e  cause  of the  g re a t species 
n u m b e r in  sum m er.

S u m m arily  we can say  th a t  in  th e  ponds ex am in ed  th e  com ponen ts of 
d iv e rs ity  —  evenness was decisively in fluenced  b y  th e  n u tr ie n t su p p ly , while 
th a t  of th e  species n u m b er by th e  n u m b er of th e  h o u rs  of sunshine. N a tu ra lly , 
th e  d e te rm in a tio n  here  is n o t d irec t; th e  fac to rs h a v e  effect ev iden tly  b y  th e  
agency o f n iche p ro life ra tion  an d  decrease.

As can  be seen th e  sim pler d iv e rs ity  con cep tio n  (d iversity  =  species 
n u m b er), w ould  n o t have  enabled  us to  recognize an  u n fav o u rab le  effect 
—  so im p o r ta n t for th e  co m m u n ity  —  as in o u r case th e  sum m er n u tr ie n t 
sh o rtag e  w as —  an d  it  even w ould in form  us in  a d iam etrica lly  opposed sense 
reg a rd in g  th e  c ritica l period.

F ro m  th e  d a ta , we ca lcu la ted  th e  index  o f  L l o y d -Gh e l a r d i (1964) 
(see T ab le  1). O ne o f  th e  d a ta  is w o rth y  o f special m en tio n : th e  A pril e o f th e  
u n fe rtilized  pond  is 33; d iv id ing  it  b y  30 produces 1.1, th a t  is, n a tu re  show ed 
a m ore even d is tr ib u tio n  in th is  case th a n  it  would be allow ed by th e  m ax im um  
o f th e  MacA r t h u r  m odel w hich w as used. T he h igh  e ind ica tes a o n e-d im en ­
sional lim ita tio n . T he yearly  course of e follows its  J  well, w hich is n a tu ra l  
o f course, because b o th  of them  re flec t a ra tio  in  re la tio n  to  a m ax im u m , 
e is n u m erica lly  a sm aller value because here  th e  basis  o f com parison is n o t 
th e  m a th e m a tic a l m ax im um , b u t a sm aller one, th e  h y p o th e tica l n a tu ra l 
m ax im u m . As has been m entioned  earlier, e ch a rac te rizes  the  c ritica l p o in ts  
of evenness b e tte r  th a n  J  does.

In  T ab le  2 we p resen ted  th e  va lu es  d e te rm in ed  w ith  v ary ing  accu racy . 
H ere th e  follow ing re la tions of m ag n itu d e  can be o b served :

H  <  H "; J 4 <  J 2 <  J 3 <  J 4; <  R 3 <  R , <  Rл

I t  is n o te w o rth y  how closely H  and  H" a p p e a r to  each o ther (cf. T ab le  1 
and  2), even th o u g h  we did n o t know  th e  d is tr ib u tio n  o f th e  popu la tio n  here  
b u t  e s tim a te d  it  b y  m eans of th e  sam ple. T he B r il l o u in  index can be con­
sidered  a v e ry  sensitive  one (P ie l o u , 1975) to  th e  id en tica l sam ple size (iV); 
we w orked  w ith  v a ry in g  sam ple size and  th is  does n o t  even ap p ear in  th e  
d ifferences I I  an d  H ”. T he various J  an d  R  values did n o t differ con sid erab ly  
from  each  o th e r e ith e r, desp ite  th e  fac t th a t  th e y  w ere ca lcu la ted  w ith  v a ry in g  
accuracies. All th e se  can  p ro b ab ly  be a t tr ib u te d  to  th e  fac t th a t  th e  basic  
d a ta  w ere v e ry  h igh and  therefo re  even th e  in a c c u ra te  S tir lin g  fo rm ula could 
give a sa tis fac to ry  ap p ro x im atio n . W e m u st, how ever, be aw are o f th e  fa c t 
th a t  th is  is only a secu rity  of ap p earan ce , because we h av e  w orked n o t w ith  
th e  a c tu a lly  co u n ted  d a ta  b u t w ith  th e  m uch g re a te r  values re su lting  from  
m u ltip lica tio n  up  to  m illiliter.
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I f  J  is given, th e n  i t  is superfluous to  give also red u n d an cy , because  th e y  
co m p lem en t each o th e r to  one, an d  th u s  one can  be calcu la ted  from  th e  o th er. 
In  en v iro n m en ta l p ro te c tio n  stud ies, ap p ly in g  R  in stead  of J  is to  a ce rta in  
e x te n t  m ore expressive, since th is  changes in  a d irec t p roportion  w ith  pollu tion  
a n d  d e tr im en t. O n th e  o th e r  h an d , J  is an  o p tim istic  p a ra m e te r; i t  increases 
in  a n  env ironm en t w hich  is o p tim al for th e  m a jo rity  of o rgan ism s. In  th e  
in te rp re ta t io n  of P a t t e n  (1962), succession is a phenom enon in  w hich th e  
p la n k to n ic  algal co m m u n ity  develop from  th e  low R  tow ards th e  h igher one, 
t h a t  is , from  the  high J  to w ard s  th e  low one. I f  we accept th is  in te rp re ta tio n , 
th e n  w e can observe tw o  courses of succession in  th e  ponds; one la s ts  up  to  
J u ly ,  th e  o ther begins a t  th is  tim e. T he ex ten sio n  of th e  concep t o f  succession 
in  th is  w ay  is, how ever, n o t  en tire ly  accep ted . In  th e  ex am in a tio n s b y  E m len

(1973), H" decreased to w ard s  th e  end o f succession, while in  o p p o sitio n  to  th is  
I g n a t id e s  (1969) observed  th a t  d iv e rs ity  w as in  increase d u rin g  th e  succes­
s io n ; Odum  (1969) also considers th is  ris ing  tendency  as g en era lly  valid . 
F o tt  (1975) draw s th e  lin e  of succession s tag es  a t  th e  m ain  tra n sfo rm a tio n s  
o f  th e  com m unity , th u s  i t  appears now  a t  low  d iversity , th e n  a t  a high one. 
I n  th e  w ate r, succession alw ays ten d s to w ard  th e  te rre s tria l a ssoc ia tion  (peri­
p h y to n , m acro p h y ta); i t  is d o u b tfu l w h e th e r th e re  is indeed  a succession, 
a lso  w ith in  th e  p la n k to n  associa tion , or if  i t  is m erely a p e rio d ic ity  w ith o u t 
a n y  ten d en cy .

In  T ahié 1 and in  F ig . 5, th e  index  o f dom inance is also in d ic a te d . In  th e  
in te re s ts  of c la rity , p , m a x  is given in  p e rcen tag e . This does n o t  te ll us m ore 
th a n  th e  form er p a ra m e te rs  d id ; i t  rem in d s us m ostly  o f th e  t r e n d  o f  R .  b u t  
th e  essen tia l po in ts  a re  occasionally  even m ore  conspicuous (fertilized  pond , 
J u ly ;  unfertilized  pond , A pril and  M ay).

T h e  correlation  be tw een  th e  Ma r g a l e f  index  (M ) an d  H "  is close; 
r =  + 0 .5 9 4 2  n =  18 p  <C !% • T he Ma r g a l e f  index  can be c a lc u la ted  v e ry  
ea s ily  and , as is clear fro m  th is  close co rre la tio n , i t  reflects th e  changes fa i th ­
fu lly . I t  lias, how ever, o th e r  deficiencies, as fo r exam ple in  th e  lack  of any  
th e o re tic a l background , no  a u x ilia ry  p a ra m e te r  of evenness can  be  coun ted  
to  i t ,  e tc . I t  is by  no m ean s su itab le  for th e  su b s titu tio n  of th e  S h a n n o n  index , 
b u t  fo r  a quick o r ie n ta tio n  i t  can  be used  well.

I t  is a defin itiv e  ch a ra c te ris tic  of th e  d iv e rs ity  index  th a t  i t  ind ica tes 
th e  cond itions d ev ia tin g  from  th e  p e rm a n e n t average: th e  g re a te r  th e  d ev ia ­
t io n  from  th is lon g -te rm  average: th e  m ore  considerab le th e  decrease in  th e  
in d e x  (possibly, its  increase). I f  th e  q u estio n  is w hether tro p h y  can  be in d i­
c a te d  b y  the  d iv e rs ity  in d e x  th e n  th e  answ er to  th is  questio n  is to  be found  
p r im a r ily  in an eu tro p h ic  w a te r. T he tw o fishponds exam ined  gave a good 
e x a m p le  of th e  e x te n t to  w hich d iv e rs ity  decreases a t  th e  t im e  o f a h igher 
n u m b e r  of algal in d iv id u a ls . In  an  o ligo troph ic  w ate r, p resu m ab ly  o th e r fac to rs 
a re  decisive in  th e  fo rm a tio n  of th e  in d ex , an d  n o t eu tro p h y . S uch  an  oligo-
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tro p h ic  lake does n o t ex ist in  th is  co u n try , so I  could  n o t  ex ten d  m y ex am i­
na tio n s in to  th is  d irec tion . T he d a ta  exam ined  in  th e  p re se n t p ap er also in d i­
ca te  th a t  co rre la tion  betw een  H" and th e  n u m b er of a lgal ind iv iduals is only  
possible a t th e  tim e  w hen th e  n u m b er is g rea t, fo r th e re  is no correlation  
betw een  H" an d  N  w hen re la ted  to  th e  whole y ea r (r =  0.3037 N.S., n =  18).
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STUDY OF ASSIMILATION TYPES IN SPECIES 
OF A SAND STEPPE COMMUNITY

By
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D EPA R T M E N T FOR PLANT TAXONOMY AND ECOLOGY AND DEPARTM ENT OF GENETICS, EÖTVÖS
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(R eceived  J a n u a ry  6, 1977)

A ssim ilation  ty p e  of 30 species o f th e  “ K is Тесе” sand  step p e  co m m u n ity  ( Fes- 
tucetum  vaginatae, F . wagneri) n e a r Y á c rá tó t was studied . O f th e  30 observed species 
g row n in  a steppe a rea  w ith  w arm  a n d  d ry  m icroclim ate four ap p ea red  to  be C4, and 
seven  of th e  C3 assim ila tion  ty p e , w hile seven  p roved  to be C3—C4, t h a t  is, o f th e  in te r ­
m ed ia ry  typ e . Twelve species could n o t be eva lu a ted  by  th e  m eth o d  used owing to  its 
h ig h  acid ity .

In trod u ction

In  an  ecosystem , th e  s tream  of energy  can, from  a n y  given p o in t, he 
t r a c e d  b a c k  in  m ost cases to  th e  p r im a ry  energy fix a tio n  process of th e  green 
p la n ts . P h o to sy n th esis , th e  carbon ic  assim ilation , is th e  m ost im p o r ta n t 
p ro b lem  o f th e  en tire  b iosphere. Since th e  p h o to sy n th e tic  ca rbon-assim ila tion  
th e  o n ly  w as o f fo rm atio n  o r organ ic  carbon ic  com pounds from  th e  inorgan ic  
ca rb o n ic  com pound carbon  d iox ide, th ere fo re , in  respect to  p rodu c tio n  of 
o rg an ic  su b stances, its  efficiency d is tr ib u tio n  in  tim e and  space are  eq ua lly  
im p o r ta n t .

I n  th e  la s t te n  years, th e  re search  o f  processes o f C 0 2 assim ila tio n  led 
to  th e  d iscovery  of a new  m echan ism  ( K ortschak  et a l., 1965, H atch  and  
S l a c k , 1970). I t  was proved  th a t  th e  p r im a ry  C 0 2-fix a tio n  o f som e p lan ts  d id  
n o t  ta k e  p lace in  th e  C alvin-cycle (C3 ty p e )  b u t  in  a so-called C4 d icarbox ilic  
ac id  cycle. Several ch a rac teris tic s  o f p h o to sy n th es is  of th e  C4 ty p e  w ere d iffe r­
e n t from  th o se  o f th e  C3 ty p e . T hese ch a rac te ris tic s  are su m m arized  in  T ab le  1 
(S m i t h , 1976).

I t  is in  th e  selective a d v a n ta g e  o f such  a ty p e  of C 0 2 assim ila tio n  th a t  th e  
source  o f  evo lu tion  o f p h o to sy n th es is  shou ld  be searched  for. R esu lts  o f 
en zy m e stu d ies  led to  th e  reco g n itio n  th a t  R u D P -carh o x y lase  could  fu n c tio n  
as an  ox igenase in  th e  p resence of h igh  oxygen  and low ca rb o n  dioxide con­
c e n tra tio n  and  th a t  th e  effic iency  o f pho tosy n th esis  w as s tro n g ly  reduced  
b y  th e  fo rm atio n  of p h o to sp h o g ly co la te  ( B owes  and  Og r e n , 1972).

In  p la n ts  of th e  C4 assim ila tion  ty p e , hav ing  a C 0 2 red u c tio n  p a th w a y  
v ia  th e  CALViN-cycle in  th e  ch lo ro p lasts  o f th e  bundle  sh e a th  p a ren ch y m a 
cells, R u D P -carb o x y lase  can o p era te  a t  a low er oxygen co n cen tra tio n  and  th e
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com petitio n  betw een  0 2 a n d  C 0 2 scarcely  follows. B esides, th e  efficiency o f  
th e  C4 dicarboxylic ac id  cycle o p era tin g  in  th e  m esophy ll cells in increased  
b y  th e  higher a ff in ity  o f P E P -ca rb o x y la se  to  C 0 2 th a n  th a t  o f th e  o th e r CO., 
f ix ing  enzym e (T able 1). T h is  phenom enon is especially  im p o r ta n t in th e  ecolo­
gical conditions o f re d u c e d  w a te r su p p ly  an d  a lim ited  gas exchange ow ing 
to  th e  closed s to m a ta .

Table 1

Some distinctive param eters o f  C3 and C4 types o f  photosynthesis

Param eters C3 Ci

P rim ary  CO., fixing enzym e R uD PC PEPC
Green bundle sheath  p a ren ch y m a absent present
R equ irem en t of CO., co n ce n tra tio n 30 — 150 ppm 10 ppm
L igh t sa tu ratio n 40 klux complete sun ligh t, 

in tensity
O ptim um  tem perature  (lor CO., fixation) 15 20 C 3 3 - 3 5  C
P hotoresp iration active low

I

On th e  basis o f th e se  facts i t  was estab lish ed  th a t  algae, mosses, fe rns, 
gym nosperm s had  exclusively  th e  C3ty p e  o f p h o to s y n th e s is e s  also th e  m a jo r­
i ty  o f A ngiosperm e. Species of th e  C4 assim ila tion  ty p e  can  be found in  som e 
13 fam ilies of flow ering  p la n ts  (S m ith , 1976, D o w to n , 1975). P ro b ab ly  th e  
absence of a close re la tio n sh ip  am ong th ese  fam ilies suggest a p o lyphy le tic  
o rig in  o f th e  C4 ty p e  o f  p h o to sy n th es is  an d  also an  a d a p ta tio n  to  th e  w arm  
an d  a rid  c lim ate  (Mo o r e , 1974).

On th e  basis o f b iochem ical and  an a to m ica l in v estig a tio n s, species w ith  
free cross-pollination  an d  o f  d ifferen t CO., assim ila tion  ty p e s  were found in  th e  
above-m entioned  fam ilies. F or exam ple, th e  presence of specific P E P -c a rb o x ­
y lase  isoenzym es w ere d em o n stra ted  in th e  p a re n t an d  hybrid  p lan ts . Iso ­
enzym es of th e  p a re n t  p la n ts  w ere d iffe ren t, h u t in  th e ir  hyb rid s isoenzym es 
o f b o th  p a ren ts  could  be  d e tec ted  (H atch  e t al., 1972). These resu lts  also 
suggested  th e  absence o f  a c lear-cu t b o u n d a ry  betw een  th e  tw o assim ila tion  
ty p e s , and  th u s th e  o ccu rrence  of in te rm e d ia ry  form s.

Biochem ical o r ana to m ica l ch a rac te ris tic s  of leaves o f th e  in te rm ed ia ry  
form s can be e ith e r  o f  th e  C3 or C4 ty p e  ( K e n n e d y  an d  L e a t sc h , 1974).

T he assim ila tion  ty p e  of a p lan t can  he e stab lish ed  by  d e te rm in a tio n  
o f one of th e  m ost ty p ic a l p a ram ete rs , th e  ra tio  of ca rb o x y la tin g  enzym es 
(R uD P C  and  P E P C ). D e te rm in a tio n  of th e  enzym e ac tiv itie s  is a co m p ara tiv e ly  
sim ple m ethod . A ccord ing  to  th e  lite ra ry  d a ta , th e  ra tio  o f th e  R u D P -carb o x y - 
lase and  P E P -c a rh o x y la se  a c tiv ity  in ty p ic a l C3 species (e.g. Hordeum vulgare, 
Sp inacia  oleracea) is a b o u t 22 and  14, re spec tive ly , w hile  th a t  of ty p ica l C4 
species (e.g. D igitaria  sanguinalis, Zea m ays) is ab o u t 0.2 an d  0.6, re spec tive ly .
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Species w ith  an  a c tiv ity  ra tio  betw een th e  tw o ex trem e values (ab o u t 2) a re  
considered as in te rm ed ia ry  form s (Go l d s t e i n  e t al., 1976). On th e  basis of 
th is  sh o rt su m m ary  i t  is ev id en t th a t  also in  th e  case of species w ith  an  in te r ­
m ed iary  assim ilation  ty p e  th e  possib ility  o f a selective ad v an tag e  in  chang ing  
en v iro n m en ta l cond itions is valid . F o r th is  reason , i t  is in te re s tin g  to  s tu d y  
w h e th e r th e re  ex ist such species in  a g iven phy tocenosis, and  also to  know  
how  env iro n m en ta l conditions in fluence th e  possib ilities o f C 0 2 assim ila tion .

M aterial an d  aim s

F o r th e  o b servation , an  ex p erim en tal a rea  w as chosen w hich was being in v es tig a te d  
from  several p o in ts of view . In  th is area, th e  occurrence of C3 and  C4 p la n t ty p es was s tu d ied . 
T he grassland of th e  “ Kis Тесе” sand  steppe a t  Y á c rá tó t was chosen for th e  collection of p la n t  
sam ples. The v eg e ta tio n  consists of m osaic-like (A lte rn a tin g ) spots o f the  com m unities Festu- 
cetum vaginatae danubiale  and  Festucetum  wagneri. T his area  is u n d is tu rb ed  a n d  th ere  hav e  
been  no ag ricu ltu ra l a c tiv ity  th ere  since 10 —15 y ears . I t  is p robab le  th a t  in  earlier tim es som e 
p a r ts  of th e  a rea  had  been c u ltiv a ted  occasionally . T he succession has now  ad v an ced  so fa r 
t h a t  th ere  is no physiognom ical and  cenological differences betw een th e  fo rm erly  c u ltiv a ted  
an d  th e  original, u n d is tu rb ed  areas. In  ad d itio n  to  th e  tw o co n stitu en t Festuca  species o f th e  
co m m unity , F um a n a  and  Medicago  are locally  d o m in a n t, while sm aller areas covered  by  th e  
m oss-lichen synusium  are th e  m o st conspicuous.

T he w hole area  is covered  by a  qu icksand  — like P leistocene deposit of th e  D an u b e. 
B en ea th  spo ts of th e  d o m in an t Festuca wagneri a n d  Poa angustifolia , a th ic k  lay er o f a b o u t 
15 — 20 cm h u m u s h ad  form ed.

The above m en tioned  com m unities have  a double  v eg eta tio n  period: in spring  an d  in 
au tu m n . T hey hav e  also tw o re s t periods du ring  th e  sum m er a r id ity  an d  in  w in ter. T he area  
s tu d ied  is ch aracterized  by ex trem e  w arm ing up , som etim es m o d era ted  by  w ind. T he lev e l of 
th e  subsoil w a te r is m ore th a n  5 m, and  th u s  im p o r ta n t only for p lan ts (e.g. F u m a n a , E ry n - 
g iu m )  w ith  long roo ts. T his subsoil w ater level c an n o t be reached  by  Gramineae  w hich are 
w holly  seared  by  th e  m iddle o f sum m er. The stocks su rv iv ing  th e  d ro u g h t rev ive  an d  th e y  
com m ence an  increased  v eg e ta tiv e  developm ent b y  th e  effects of th e  au tu m n a l rains.

In  our ex p erim en ta l a rea , th e  occurrence of species of th e  C4 ty p e  w as ex pected  as a 
re su lt  o f th e  m icroclim ate  w hich  is freq u en tly  sim ilar to  sem i desert c ircum stances. To de ­
tec tio n  of these p lan ts  is im p o r ta n t for th e  resea rch  w ork  done in th e  D e p a rtm en t o f Zoology, 
U n iv e rs ity  of A gricu ltu re  (Gödöllő), and  for th e  D e p a rtm en t o f P la n t ecology, B o tan ical R e ­
search  In s t i tu te , H A S (V ácrá tó t), because th e  n u tr it io n  biology of th e  fa u n a  of th e  a rea  is 
also s tud ied . L ite ra ry  d a ta  suggest th a t  species o f th e  C4 ty p e , as food sources, are o f lower 
q u a lity  th a n  th e  C3 ty p e  p lan ts  for th e  herb ivo rous an im als. M ost of th e  o b se rv atio n s were 
carried  o u t w ith  insects feeding m ain ly  on species o f th e  C3 ty p e  th o u g h  no preference was 
found . D istin c tio n  betw een  th e  C3 an d  C4 ty p e  p lan ts  m ay  be sign ifican t, because of th e  assum ed 
effects of in terspecific  com petition . According to  som e hyp o th eses , such a selective p la n t con­
su m p tio n  has an  im p o rta n t ecological role. I t  m ay  occur th a t  an  insect is a p p a re n tly  hu n g ry , 
th o u g h  it  has p len ty  of th e  C4 p la n t  types. The process o f decom position  is also d ifferen t in th e  
tw o  assim ila tion  ty p es , because th e  b reakdow n of C4 species is slower (Ca sw ell  e t ah , 1973).

D etailed  in fo rm atio n  on ecological stud ies an d  lite ra tu re  o f th e  m odel a rea  a t  V á c rá tó t 
can  be found  in th e  p ap er o f F e k e t e —P r é c s é n y i — M olnár  — Melkó  (1977).

T he p la n t m a te ria l for th e  s tu d y  was co llected  on 2 and  13 O ctober, 1976. and  it  was 
p rocessed  im m edia te ly .

E xperim ental m ethods and results

On th e  basis o f th e  above m entioned  d a ta  it  is ev id en t th a t  th e  ra tio  
o f  ac tiv itie s  o f th e  tw o ca rb o x y la tin g  enzym es can  be  used to  d istingu ish  th e  
tw o  assim ila tion  ty p es of p lan ts . F o r th is  reason , f irs t, th e  R u D P - and  P E P -
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carboxy lase  a c tiv ity  o f species co llected  from  th e  given com m unities w as 
m easured . F rom  th e  w eigh ted  sam ples o f green p la n t p a r ts , th e  enzym es w ere 
e x tra c te d  by  B jö r k h a m ’s m ethod  (1968). T h e  enzym e ac tiv ities w ere d e te r ­
m ined by  m easuring  th e  14C in co rp o ra tio n  in  presence o f  D -ribulose-1,5- 
d ip h o sp h a te  and  p h o sp cen o lep y ru v a te , so th a t  H 14CC>7 w as added , as a n o th e r 
su b s tra te , to  th e  sy s tem  (B jö r k m a n  an d  Ga u h l , 1969, N a g y  e t ah , 1973). 
In  species w ith  leaves o f an  acidic c h a ra c te r , th e  a c tiv ity  of th e  tw o enzym es 
can n o t be d e te rm in ed  b y  th is  m eth o d . B esu lts  o f th e  experim en ts a re  p re ­
sen ted  in th e  follow ing ta b le  (Table 2).

Table 2

The e n iym e  activities and assim ila tion  types o f  the species studied

Species
PEP-carboxylase RuD P-carboxylase Assimilation

type(.i mole C0 2/g/hr PEP-carboxylase

CareX praecox 0.14 41.1 c 3

Achillea ochroleuca 0.38 9.1 C3
Andropogon ischaemum 1.87 0.1 C4
Carex liparicarpos 0.54 31.5 C3
Carex praecox 8.05 1.5 c 3- c 4

Carex stenophylla 5.76 2.5 C3- C 4

Centaurea arenaria 1.34 13.0 C3
Cynodon dactylon 5.11 1.4 c 3- c 4

Cytisus ratisbonensis 0.60 14.7 C3
D igitaria sanguinalis 1.89 0.4 C4
Festuca vaginata 0.36 2.9 c 3- c a

Festuca wagneri 2.17 4.8 C3- C 4

Plantago indica 0.05 167.3 C3
Poa angustifolia 3.29 2.9 C3- C 4

Poa bulbosa 2.40 1.6 c 3- c 4

Silene otites 1.50 0.1 C4
Scleranthus annuus 12.03 0.6 C4
Syntrichia ruralis 0.06 75.3 C3

Ow ing to  an  acid ic ch a ra c te r  o f th e  leaves, th e  m ethod  could  n o t be 
used in  th e  follow ing species: Cladonia fo liacea, C. fu rca ta , E rodium  cicu tarium , 
E uphorbia seguieriana, Eragrostis pooides , F um ana  procum bens, Holoschoenus 
rom anus , Medicago m in im a , Polygonum  arenarium , Potentilla arenaria , P . 
argentea, T hym us serpyllum .

T he d a ta  c learly  show th a t ,  in  a d d itio n  to  th e  species excluded  b y  th e  
in ap p licab ility  o f th e  m ethod , only  fo u r o u t o f th e  18 species observed  p roved  
to  be of th e  ty p ic a l C4 assim ila tion  ty p e .
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I t  is rem ark ab le  th a t  th e  P E P -c a rb o x y la se  a c tiv ity  of th e  species co n ­
sidered  as in te rm e d ia te  b y  th e  ra tio s  given in  l i te ra tu re  surpasses t h a t  o f th e  
C3 ty p es  (excep t Festuca vaginata), an d  th a t  th e y  are  n ear th e  C4 ty p e  species.

T h ey  a re  p ro b ab ly  able to  red u ce  C 0 2 b y  b o th  p a th w ay s , an d  in  th e se  
p lan ts  one o f th e  tw o cycles o pera tes d o m in an tly  depending on th e  e n v iro n ­
m en ta l cond itions. On th e  basis o f re p e a te d  m easu rem en t m ade d u rin g  th e  
spring  v eg e ta tio n  period, fu r th e r  conclusions are  expected .

T he s tu d y  w as m ade in  coopera tion  w ith  th e  D e p a rtm en t o f G eo b o tan y , 
B o tan ica l R esearch  In s t i tu te , H as. T he au th o rs  are  in d eb ted  to  I s tv á n  
P r é c s é n y i , D. Sc., H ead  o f th e  com plex s tu d y  for his k ind  help.

R E F E R E N C E S

B o w e s , G .— Og e e n , W . L. (1972): O xygen in h ib itio n  2 nd  o th er p roperties of soybean  ribu lose- 
1,5 -d ip h o sp h a te  carboxylase. J. Biol. Chem. 247, 2171 — 2176.

B j ö b k m a n , О., Ga u h l , E . (1969): C arb o x y d ism u tase  a c tiv ity  in p lan ts  w ith  and  w ith o u t 
/9 -carboxylation  p h o tosyn thesis . P la n ta  £8, 197— 203.

B j ö b k m a n , О. (1968): C arboxyd ism utase  a c tiv ity  in  sh ad e -ad ap ted  and su n -ad ap ted  species 
of h igher p lan ts . Physio l. P la n t. 21, 1 — 1Ô.

Ca sw e l l , H .— R e e d , E. —St e f h e n s o n , S. V .—W e e n e r , P. A. (1973): P h o to sy n th e tic  p a th ­
w ays an d  selective h e rb ivo ry : a hypo thesis . — joiner. N a tu r. 167, 465 — 480.

D o w n t o n , W . J. S. (1975): T he occurrence of C4 p h o to sy n th es is  am ong p lan ts. P h o to sy n th e tic a  
9, 9 6 - 1 0 5 .

F e k e t e , G. —P r é c s é n y i , I. —M oln ár , E . - M e l k ó , E . (1977): N iche stud ies on som e species 
o f a d ry  grassland  co m m u n ity  I .  A c ta  B ot. A cad. Sc. H ung . 22.

Go l d s t e i n , L . D. —R a y , T . B . - K e s t l e r , D. P .— May n e , B. C .—B r o w n , R . H . (1976): 
B iochem ical c h a rac te riza tio n  of P an icu m  species w hich  are in te rm ed ia te  b e tw een  Cr 
an d  C4 p h o to sy n th es is  p lan ts . P la n t. Sei. L e tte rs  6, 85 — 90.

H a tch , M. D. —Sla ck , G. R . (1970): P h o to sy n th e tic  CO.,-fixation p a thw ays. Ann. R ev. P la n t  
Physio l. 21, 1 4 1 -1 6 2 .

H a t c h , M. D .—O smond , C. B .—T ro u g h t o n , T. H .— B j ö r k m a n , О. (1972): Physio log ical 
a n d  b iochem ical ch arac te ris tics  of C3 and  C4 A trip lex  species an d  h y b rid s in  re la tio n  to  
th e  ev o lu tio n  of th e  C4 p a th w ay . C arnegie In s t. Y ear Book 71, 135 —141.

K e n n e d y , R . A. —L a e t s c h , W. M. (1974): P la n t  species in te rm ed ia te  for C3, C4 p h o to sy n th es is . 
Science, 184, 1087 —1089.

K ortschak , H . P . — H a r t t , C. E . — B u r r , G. O. (1965): C arbon d ioxide fix a tio n  in  sug arcan e  
leaves. P la n t  Physio l. 40, 209 — 213.

Mo o r e , P . D. (1974): M isunderstand ing  o v er C4 ca rb o n  fix a tio n . N a tu re  252, 438 — 439.
N a g y , A. H . — Gy u r j á n , I. —Sz é k e l y , S. — D oman , N. G. (1973): A ctiv ities of enzym es re la te d  

to p h o to sy n th es is  an d  14C O .,-fixation p ro d u c ts  in  norm al and  caro teno id  m u ta n t  m aize  
leaves. P h o to sy n th e tic a  7, 87 — 92.

Sm i t h , B. N. (1976): E vo lu tio n  of C4 p h o to sy n th es is  in  response to  changes in  ca rb o n  an d  
oxygen co n cen tra tio n s in  th e  a tm osphere  th ro u g h  tim e. B iosystem s 8, 24 — 32.

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977





Acta Botanica Academiae Scientiarum Hungaricae, Tomus 23 ( 1 —2 ), pp . 97 — 103 (1977)

ELECTRONMICROSCOPICAL EXAMINATIONS OF 
FOSSIL ANGIOSPERMATOPHYTA POLLEN GRAINS 

FROM THE PALEOCENE AND THE MIDDLE
EOCENE

By

M. K e d v e s

(D EPA R T M E N T OF BOTANY, JÓ Z SE F  ATTILA U NIV ERSITY , SZEG ED , HUNGARY)

(R eceived : M ay 7, 1976)

P a leo cen e  and E ocene fossil Angiosperm atophyta  pollen  grains were b ro u g h t 
under SEM  exam inations. T h e  resu lts  show ed ch arac te ris tics  n o t  detectab le  b y  th e  
earlier light-in icroscopical m e th o d . The p re sen t w ork  also su b s ta n tia te s  th e  significance 
of th e  SE M  m eth o d  in the  know ledge of pollen  grains.

I. In troduction

The aim  o f th e  present w o rk  w as th e  assessm ent of th e  scann ing  electron- 
m icroscopical re su lts  re la ted  to  som e Angiosperm atophyta  pollen  grains of 
s tra tig rap h ica l, facies, ecological and  po llen-m orphological im p o rtan ce  in  
com parison  w ith  th e  earlier ligh t-m icroscop ica l descrip tions.

II. M ateria l and m ethod

In  accordance w ith  the  aim  of th e  pap er, th e  follow ing p o llen  gra ins were exam ined:
1. Stephanoporopollenites hexaradiatus  (Thg. 1940) T h. & P f. 1953 subfsp. semitribinae 

W . K r. 1961. L o ca lity : M enât, F ran ce , Paleocene, T h an e tia n  fo rm a tio n  I I .
2. Echimorphomonocolpites echinatus  (M uller 1968) L. R ákosi 1973.
L ocality : O roszlány , H ungary , M iddle E ocene, lig n it deposit sed im en t.
3. K opekipollenites magnus (L. R ák o si 1973) n. com b. L o ca lity  an d  geological age are 

id e n tic a l w ith  th o se  o f th e  preceding.
T he pollen g ra in s  selected while d ry  were p u t  on po ly v y n ilch lo rid  adhesives (cf. L e f - 

f i n g w e l l  & H o d g k i n , 1971). Shading w as carried  o u t b y  gold, th e  p ic tu re s  were tak en  in  th e  
E le  c tronm icroscopic L ab o ra to ry , D e p a rtm e n t of G eneral Zoology, É L T E  b y  an  SM-50A Jeo l 
t y p e  ap p ara tu s . T he a u th o r  is in d eb ted  to  dr. J .  K ovács, senior le c tu re r , for his assistance 
g iv e n  in  th e  la b o ra to ry  exam inations.

I I I . Results

1. Stephanoporopollenites hexaradiatus  (Thg. 1940) T h . & P f. 1953 subfsp. 
sem itribinae  W . K r. 1961 (P la te  I ,  1— 4).

T he w ork o f G óczÁn , Groot , K rutzsch  &  P acltova  (1967) is s ign ifican t 
w ith  respect to  th e  light-m icroscopic tax o n o m y  of th e  species. T he s tu d y  o f
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K e d v e s , H e g e d ű s  & B o h o n y  (1971) m ay  also be m en tioned , concern ing  s t r a t i ­
g ra p h y . By the  form -species, th e  N orm apolles or “ its  tra n s itio n a l reg ion”  
o f  th e  Euro-A sian  c o n tin e n t, th e  P aleocene age can he d e te rm in ed  w ith  cer­
ta in ty .  A finer ta x o n o m y  o f th e  species m akes fu r th e r  d is tin c tio n s  possible. 
I t  is in te restin g  th a t  th is  form -species has n o t y e t been  know n from  th e  
N orm apolles  region o f th e  N o rth  A m erican  co n tin en t; i t  is p ro b ab ly  ab sen t 
from  th a t  area (cf. K e d v e s  & K i r á l y , 1968).

No ТЕМ  d a ta  a re  so fa r know n o f th is  form -genus.
P ic tu res w ere ta k e n  o f  th e  pollen  g ra ins chosen fo r p u b lica tio n  a t  various 

se ttin g s ; change in  th e  se ttin g  w as a rran g ed  a t 45— 60° (see 1, 2 in  P la te  I). 
T h e  ap e rtu res  are  d iffe ren t in th e  v a rious se ttings. T hey  exogerm inalia  are 
som etim es ty p ica lly  c ircu la r, how ever, ap e rtu res  s ligh tly  e longated  tow ards 
th e  poles are m ore g en era l, resem bling  colpi. The size o f th e  exogerm inalia  is 
a ro u n d  0.5— 0.7 p .  T h e su rface  o rn a m e n ta tio n  is ra th e r  v a ry in g  a t  high m agn if­
ica tio n s  (3, 4 in P la te  I). L ocally , sem ispherical fo rm ations can  be observed. 
T h e  m ost general is th e  ru g u la te  o rn a m e n ta tio n ; th e  w id th  o f  its  e lem ents is 
a ro u n d  0.6— 0.8 p .

2. Echimorphomonocolpites echinatus (M uller 1968) L. R ákosi 1973 (1— 3 
in P la te  II) .

Owing to  th e  facies ecological im p o rtan ce  of th e  m icro- and  m acro ­
fossils of th e  genus N y p a ,  severa l s tud ies discuss them . L . R á k o s i ’s w ork  (1973) 
sum m arizes th e  ligh t-m icroscop ica l n o m en cla tu re  of fossil pollen grains. F o r 
th e  tim e  being, no Т Е М  d a ta  a re  know n  on th is  pollen g ra in .

A num ber o f ha lf-po llen  grains, corresponding  to  th e ir  ligh t-m icroscopical 
m orphology , have u n d erg o n e  scann ing  electronm icroscopic exam ina tions. T he 
su rface  o rn am en ta tio n  along  th e  colpus and  of th e  ex trag e rm in a l ex ine are 
id en tica l. The o u te rm o st ectex ine lay e r (th e  tec tu m ) is p e rfo ra ted . T he p e r­
fo ra tio n s  are general c ircu la r. Two ty p es  as to  size can  he d istingu ished , th e  
w id th  of th e  sm aller is 0.2— 0.3 p ,  th a t  o f th e  bigger ones 0.5— 0.7 p .

A fter H a s e l d o n c k x  (1972), d a ta  on recen t and  fossil N y p a  pollens are  
ava ilab le . A lthough  th e  d e ta iled  descrip tions of th e  scann ing  resu lts  h av e  n o t 
been  published , th e  p e rfo ra tio n s of th e  te c tu m  are  observ ab le  on b o th  th e  
re c e n t and the  fossil m a te ria ls . I t  shou ld  he m en tioned  th a t ,  on th e  basis 
o f  H a s e l d o n c k x ’s p ic tu re s , th e  surface of th e  large  sp ines is n o t en tire ly  
sm oo th . This c h a ra c te ris tic  can n o t unam bigously  be s ta te d  from  our own 
p ic tu res.

3. K opekipollenites niagnus (L . R ákosi 1973) n . com b. (1— 3 in P la te  I I I ,  
1— 4 in P la te  IV).

Syn.: 1973, L. R ákosi —  D iporites magnus n. fsp . 1974, K edves —  K ope­
kipollenites transdanubicus  n . fgen. e t fsp.

A very  c h a ra c te ris tic  form  in th e  Eocene deposits o f H u n g ary .
Concerning th e  po llen  g rain , also Т Е М  d a ta  are av a ilab le  (1— 3 in P la t e l l l ) .
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T he exine consists only o f  ec tex ine  (1 in P la te  I I I ) .  T he tec tu m  is locally  
p e rfo ra ted  (1 ,2  in  P la te  I I I ) ,  i t s  su rface  w avy, w ith  sm alle r an d  la rger p ro tu b e r­
ances. The m orphology  of th e  in f ra te c ta l layer e lem en ts in  th e  cross-section  
p ic tu re s  is co lum nar or fu rc a te . T h e  charac ter of th is  lay e r is recognizable in  
th e  tan g en tia l sections (3 in  P la te  I I I ) ,  in essence a lveo lar. T he size and  
m orpho logy  of th e  alveoli a re  v a ry in g . In  com parison  w ith  th e  tw o fo rm er 
lay e rs , th e  ped ium  is th in , T / I /P  =  2— 3/2-—2.5/1.

SEM resu lts : a n u m b er o f  specim ens have been  ex am ined , and  id en tica l 
re su lts  have been o b ta ined . T h e  pores are c ircu lar th e  o rn a m e n ta tio n  o f  th e  
a p e rtu ra l surface an d  of th e  e x tra a p e r tu ra l  exine is id e n tic a l (1— 4 in P la te  IV). 
T h e  te c tu m  is locally  c a n a lic u la te ly  (0-2/x w idth) p e rfo ra te d  (4 in  P la te  IV). 
T h e  surface is ru g u la te , th e  w id th  o f  th e  o rn am en ta l e lem ents is 1.5— 2 p, 
t h a t  o f th e  furrow s is 0.1— 0.15 p .

Sum m ary

1. T he su rface  o f Stephanoporopollenites hexaradiatus sem itribinae  is 
u n ev en , essen tia lly  ru g u la te ; th e  size and  m orphology  o f th e  subm icroscopic 
o rn a m e n ta l elem ents are v a ry in g .

2. T he tec tu m  of th e  fossil N y p a  pollen gra in  is p e rfo ra ted  as opposed 
to  th e  lig h t m icroscopical d a ta .

3. T he subm icroscopic te c ta l  fo rm ations of th e  germ ina l an d  ex trag erm in - 
al exines of K opek ipo llen ites a re  id en tica l. The te c tu m  is p e rfo ra ted .
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Plate I
Stephanoporopollenites hexaradiatus  (Thg. 1940) Th. & P f. 1953 subfsp . semitribinae W. K r. 
1961. (The p ictu res w ere ta k e n  of id en tica l specim ens) 1., 2. A to ta l  p ic tu re  o f  th e  pollen grain 
ex am in ed  in various se ttin g s  X 3000; 3. The u ltra sc u lp tu re  o f th e  germ in al region. X 10 000:

4. T he o rn a m e n ta tio n  of th e  ex trag erin in a l exine. X 10 000
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Plate I I
Echimorphomonocolpites echinatus (M uller 1968) L. R ákosi 1973; 1. A to ta l  p ic tu re  of a h a lf  
pollen grain . X 2000; 2., 3. D etails o f the  subm icroscopic tec tu m . (The p ic tu res  were ta k e n  of

a n o th e r specim en.) X 10 000
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Plate I I I
K opekipolleniles m agnus  (L . R ákosi 1975) n. com b. ТЕМ  exine s tru c tu re . 1. Cross-section of 
th e  ex trag erm in al ex ine . X 25 000; 2. T an g en tia l section  of th e  te c tu m . X25 000; 3. T an g en tia l 
section  of th e  in f ra te c ta l  layer. X25 000; T  =  te c tu m , I =  in fra tec ta l layer, P  =  ped iu m
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Plate I V
Kopekipollenites magnus (L. R ák o si 1973) n. comb. 1. T o ta l p ic tu re  o f a pollen grain. x 2 0 0 0 ; 
2., 3. D etails of th e  germ inal reg ion  of o th er specim ens. X 2000; 4. D e ta il o f th e  o rn am en ta tio n  

su rro u n d in g  th e  pore (p ic tu re  tak e n  of th e  specim en  show n in  F ig . 1). X 10 000
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DER ABBAU VON WALDSTREU, DAS 
FREIWERDEN BIOGENER ELEMENTE UNTER 

LABORVERHÄLTNISSEN*

By

M. K o v á c s

BOTANISCHES FORSCHUNGSINSTITUT D E R  UNG A RISCH EN  AKADEM IE D ER W ISSENSCHAFTEN,
VÁCRÁTÓT

(A ngekom m en 10 F e b ru a r, 1977)

D ecom position  of l it te r , resp . th e  release of biogene e lem ents of s ta n d -b u ild in g  
and  m ore com m on tree  and sh ru b  species o f a tu rk ey  oak-oak  forest h as been in v e s tig a t­
ed  u n d e r lab o ra to ry  conditions.

M ore th a n  50 per cen t o f th e  m ass o f biogene elem ents has been  released , d isso lved  
from  th e  l i t te r  in  3 —4 m onths. T he e lem en t being  released  m ost ra p id ly  and  in  g re a te s t  
a m o u n t is po tassium . Green leaves a re  decom posed m ore rap id ly  th a n  d ry  a u tu m n  
leaves (litte r).

E in fü h ru n g

In  H in s ich t au f die N äh rsto ffv e rso rg u n g  eines W aldökosystem s is t der 
G ang d e r N äh rsto ff-F re ise tzu n g  von  g roßer W ich tigkeit. W ir vers teh en  d a r ­
u n te r , w ie lange  und  in w elchem  M aße die a u f den Boden gefallene S treu  
m in e ra lis ie rt w ird , m it w elcher G eschw ind igkeit u n d  in  w elcher Q u a n ti tä t  die 
versch iedenen  biogenen E lem en te  fre ig ese tz t b efre it, bzw. fü r  die P flan zen  
v e rfü g b a r g em ach t w erden. D iese P rozesse  kön n en  u n te r  n a tü rlic h e n  V er­
h ä ltn issen  u n te rsu c h t w erden, in  dem  v o n  m ir u n te rsu c h te n  Ö kosystem  w ird  
d iese A rb e it von  anderen  F o rschern  d u rc h g e fü h rt (s. T óth— P a p p — L e n k e y ,
1975). Sie k ö n n en  aber auch im  L a b o ra to riu m , u n te r  k ü n stlichen  B ed ingungen  
u n te rsu c h t w erden . B eide A n n äh eru n g sfo rm en  können  w ertvo lle  D a ten  zu r 
K e n n tn is  d er G esetzm äßigkeiten  d e r b iogenen  Zyklen beitragen .

E in  b e s tim m te r Teil der L a u b b lä t te r  (e tw a 10 P rozen t) k o m m t w ährend  
d er V egeta tio n sp erio d e  (bis M itte  S ep tem ber) im  grünen  S tad iu m  a u f  die 
B odenoberfläche . L au t den U n te rsu ch u n g en  von  P a p p — T óth (1973) gelangen 
im  S ik fo k u te r E ichen-Z erre ichenw ald  b is M itte  S ep tem ber e tw a 330 k g /h a  
B lä tte r , zu  E n d e  der V egeta tionszeit dagegen 3381 k g /ha  S treu  a u f  die B o d en ­
fläche . W ä h re n d  der V egeta tionszcit ä n d e r t  sich die chem ische Z usam m en­
se tzung  d e r L a u b b lä tte r  und dem gem äß  kom m en die versch iedenen  biogenen 
E lem en te  in v e rän d erlich en  M aßen a u f  den B oden.

* “ S ík fő k ú t P ro je c t” No. 30.
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U ntersu ch un gsm eth od e

1. D as P ro b en m ate ria l w urde  vom  N o rd u n g arisch en  M A B -F orschungsgeb iet, vom  sog. 
»Sikföküt P ro jek t«  en tn o m m en .

2. E ine  ausführliche B eschreibung  des M u stergeb ie ts s. bei P . J a k u CS (1973).
3. D ie P roben  w u rd en  am  10. O ktober 1973 (S treu ) u n d  am  18. Ju n i 1974 (grüne B lä t­

te r)  von  folgenden A rten  des E ichen-Z erreichenw aldes en tn o m m en : Acer campestre, A . tala- 
ricum , Cornus mas, Crataegus oxyacanlha, E u o n ym u s verrucosa, L igustrum  vulgare, Lonicera  
xylosteum , Quercus cerris, Q. petraea.

V on den lu f ttro ck en en  B lä tte rn  w urden  25 g (in zw eifacher W iederholung) in die sog. 
P e rk o la tio n srö h re  gese tz t (vgl. R a p p , 1976, 1971). Z u einer jed en  P ro b e  w urde zu B eginn des 
A bbaus u n d  nach  dem  V e rlau f von  30 T agen 100 m l destillie rtes W asser gegeben, das nach  
einer S tu n d e  abgesaugt w u rde . D ie Q u a n titä t  de r zu  B eginn des A bbaus h e rausgelösten  E le ­
m en te  is t in  den A bb ildungen  1 —13, am  O -P u n k t der ho rizo n ta len  A chse angegeben.

D ie m it W a tte  g e s to p ften  P erko la tio n srö h re  w u rd en  in e inem  T h e rm o sta t m it 28 °C 
fü r  11 (grüne B lä tte r), bzw . 19 (T rock en b lä tte r, S treu ) M onate au fb ew a h rt. J e  n ach  V erlau f 
von  30 T agen  w urden die M enge der ab gesaug ten  L ösung b e s tim m t u n d  die, in  der Lösung 
befind lichen  folgenden E le m en te  festgeste llt: Ca, K , N a, Mg, N , P , Mn, Fe, Zn.

U ntersu ch un gsergeb nisse

Zu B eginn des E x p e rim en ts  w urde  die chem ische Z usam m ensetzung  der 
B lä t te r  d er einzelnen A rte n  b es tim m t (T abelle  1). D ie chem ische Z usam m en­
se tzu n g  der B lä tte r  ze ig t eine hochgrad ige  Ü b ere in stim m u n g  m it den von  
T óth— P a p p — L e n k e y  (1974) gem essenen W erten . In  g rö ß te r M enge h ä u ft 
sich Ca an , es k o m m t zu 2— 3%  in den  B lä tte rn  von  Acer ta taricum , Lonicera  
xylosteum  und Cornus m as  vor. In  e iner M enge von  e tw a 1 P ro zen t kom m en 
noch in  den B lä tte rn  N , und  in einigen A rten  (Cornus m as, E uonym us verru­
cosa, L igustrum  vulgare, Lonicera xylosteum ) К  vo r. E in e  v e rh ä ltn ism äß ig  
g rößere  Q u a n titä t  von  Mg is t in  den  B lä tte rn  von  Cornus mas, Crataegus 
oxyacantha, E uonym us verrucosa und  Lonicera xylosteum  zu finden . D ie g rössten  
M engen von den u n te rsu c h te n  b iogenen  E lem en ten  w aren in  den B lä tte rn  
e inzelner S tra u c h a rte n  zu m essen, w ie z. B . Cornus m as, Lonicera xy losteum , 
E u o n ym u s verrucosa u n d  Ligustrum  vulgare.

Gewichtsverlust w ährend des Abbaus

D as A usgangsgew icht (25 g) der u n te rsu c h te n  B aum - und S tra u c h a rte n  
m it dem  m eßbaren  Gewdcht nach  dem  A bb au  verg lichen , k o n n ten  n ach  dem  
V erlau f von 11, bzw \ 13 M onaten  fo lgende P ro zen tw erte  im  G ew ich tsverlu st 
fe s tg es te llt w erden:

D er A b b au g an g  der grünen B lä t te r  u n d  u n te r  diesen der G ang d e r 
D ekom position  hei den  S tra u c h a rte n , und  ih r  im  L aufe des A bbaus z u s ta n d e  
gekom m ener G ew ich tsv erlu st is t g rö ß er als der V erlu st der trockenen  B lä tte r . 
E s is t anzunehm en , d a ß  w ährend  eines in ten siv e ren  A bbaus der N -G ehalt 
der B lä tte r  eine b each ten sw erte  R olle sp ie lt, u n d  dieser G ehalt in  den  g rünen  
B lä tte rn  höher is t .
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Tabelle 1

Chemische Zusam m ensetzung der Streu im  Prozentsatz der Trockensubstanz

Lau­
fende
N um ­
m er

Zeichnung Pflanzennahme Zeitpunkt der 
Probeentnahm e

Asche 14
%

P
%

Ca
%

Mg
%

К
%

Na
о//о

Mn
%

Zn
%

Fe
о//о

l . 34/74 campestre 18. 7. 1974. 10.4 1.01 0.12 1.59 0.56 0.98 0.026 0.130 О.0058 0.021

2. 23/73 Acer lalaricum 10. 10. 1973. 7.8 1.41 0.06 2.05 0.58 0.40 0.028 0.090 0.0077 0.0195

3. 24/73 Acer tataricum 10. 10. 1973. 8.2 1.55 0.06 2.00 0.53 0.45 0.026 0.136 0.0085 0.0193

4. 39/74 Acer tataricum 18. 7. 1974. 6.7 1.23 0.14 1.45 0.42 0.55 0.026 0.082 0.0064 0.021

5. 25/73 Cornus mas 10. 10. 1973. 14.1 1.31 0.14 3.41 1.01 1.15 0.027 0.009 0.0055 0.0205

6. 26/73 Cornus mas 10. 10. 1973. 14.1 1.31 0.13 3.15 0.93 1.02 0.026 0.009 0.0051 0.0236

7. 35/74 Cornus mas 18. 7. 1974. 14.3 1.41 0.18 2.42 0.80 0.87 0.028 0.020 0.0037 0.013

8. 38/74 Crataegus oxyacantha 18. 7. 1974. 10.6 1.05 0.11 1.80 0.81 0.55 0.028 0.012 0.0037 0.018

9. 33/74 Euonym us verrucosa 18. 7. 1974. 8.6 1.54 0.25 1.46 0.74 1.13 0.025 0.017 0.0089 0.019

10. 32/74 Ligustrum  vulgare 18. 7. 1974. 7.9 1.90 0.21 0.88 0.47 1.56 0.020 0.023 0.0046 0.019

11. 31/74 Lonicera xylosteum 18. 7. 1974. 12.6 1.37 0.17 2.19 0.94 1.63 0.030 0.017 0.0038 0.027

12. 21/73 Quercus cerris 10. 10. 1973. 6.6 0.98 0.09 1.10 0.24 0.43 0.019 0.080 0.0030 0.021

13. 22/73 Quercus cerris 10. 10. 1973. 6.3 0.96 0.09 1.03 0.21 0.45 0.022 0.080 0.0031 0.021

14. 36/74 Quercus cerris 18. 7. 1974. 6.1 1.72 0.20 0.76 0.33 0.88 0.028 0.087 0.0032 0.021

15. 19/73 Quercus petraea 10. 10. 1973. 7.2 1.01 0.10 1.40 0.39 0.45 0.019 0.192 0.0040 0.0158

16. 20/73 Quercus petraea 10. 10. 1973. 7.1 0.96 0.10 1.42 0.37 0.32 0.021 0.106 0.0036 0.0165

17. 37/74 Quercus petraea 18. 7. 1974. 6.5 1.69 0.21 1.17 0.36 0.49 0.027 0.100 0.0017 0.010
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11 Monate 
grüne B lätter

13 M onate 
trockene B lä tte r

Acer campestre 68 —

A . tataricum 66 76
Cornus mas 68 70

Crataegus oxyacantlui 65 —
E uonym us verrucosa 65 —
Ligustrum  vulgare 66 —
Lonicera xylosteum 68 —
Quercus cerris 65 72
Q. petraea 62 78

Gang des A bbaus, M enge der freigeivordenen biogenen Elemente

In  den A bbildungen  1— 13 h ab en  w ir die Q u a n titä t  d er m onatlich  h e rau s­
g e lösten  biogenen E le m e n te  in  m g u n d  den P ro zen tw ert d er einzelnen E le ­
m e n te  (die Menge der h e rau sg e lö sten  E lem ente gleich 100 gesetzt) darg este llt. 
B ei d e r Ü bersich t der A b b ild u n g en  s te llt es sich h e rau s , d aß  im  L aufe des 
u n te r  L ab o rv erh ä ltn issen  v o n s ta t te n  gehenden A bbaus das F reiw erden  der 
E le m e n te  n ich t g le ichm äß ig  is t u n d  drei P h asen  u n te rsch ied en  w erden 
k ö n n e n .

B ei den B lä tte rn  zah lre ich e r A rten  erfolgt in den  ersten  drei M onaten  
des A b baus (erste P h ase ) das F re iw erden  von einer großen  M enge v ersch ie ­
d en e r E lem ente , so k a n n  bei Lonicera xylosteum  das M axim um  der ausgelösten  
E le m e n te  im ersten  M o n a t, bei E u o n ym u s verrucosa u n d  L igustrum  vulgare im  
zw eiten  M onat, bei Cornus mas u n d  Acer tataricum  dagegen  im  zw eiten  und  
d r i t te n  M onat gem essen w erden . E in  M axim um  der ausgelösten  E lem ente kann  
in  den  ersten  drei M o n a ten  bei jen en  A rten  gem essen w erden , in  denen sich 
d e r K -G eh alt der B lä t te r  um  1 P ro zen t b efin d e t. D ie M axim alw erte  hängen  
m it dem  äu ß erst schnellen  F re iw erd en  von К  zusam m en.

D ie zw eite P h ase  des A b b au s d au e rt 4— 5 M onate  lang , in  d ieser Zeit 
v e rlan g sam t sich das F re iw erd en  der biogenen E lem en te . Bei einigen A rten  
(Acer campestre, Cornus m as, Lonicera xylosteum , L igustrum  vulgare) is t im
5. b is 6. M onat des A b b au s  ein zw eites M axim um  in  d er Q u a n titä t  der fre i­
gew ordenen  E lem en te  nachzuw eisen . In  der ersten  u n d  zw eiten  P hase  w erden 
80— 90 P ro zen t der g e sam ten  M enge von biogenen E lem en ten  frei.

A ufgrund  der Q u a n t i tä t  der freigew ordenen E lem en te  k an n  der rascheste  
A b b au  bei Lonicera xylosteum  und  E uonym us verrucosa w ahrgenom m en w er­
den , w ährend  dieser bei den an d eren  u n te rsu ch ten  S tra u c h a rte n  geringfügig 
lan g sam er ist.

Acta Botanica Academiae Scientiarum Hunearicae 23, 1977
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Abb. 1 — 13. Menge der herausgelösten  K atio n en  in mg (a), V erte ilung  der E lem en te  im  P ro z e n tsa tz  der Menge von herausgelösten
K a tio n en  (b)

Abb. 1. Acer campestre Abb. 2. Acer tataricum
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Abb. 3. Cornus mas
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Monat
b

Abb. 5. E u o n ym u s verrucosa

D en A bbau  d e r  im  grünen und  tro ck en en  S tad iu m  gesam m elten  B lä tte r  
(Acer tataricum , Cornus m as, Quercus cerris, Q. petraea) verg lichen , m ag fe s t­
g este llt w erden, d aß  der A bbau der g rü n en  B lä tte r  schneller v o r sich geh t 
und  in  k ü rzere r Z eit eine größere M enge biogener E lem en te  frei w erden, als 
aus den trockenen  B lä tte rn . N a tü rlich  h ä n g t die Q u a n ti tä t  d er in  abso lu tem  
W ert fre igew ordenen biogenen E lem ente  au ch  von der chem ischen Z usam m en­
se tzung  der B lä tte r  ab .

D ie Menge d er im  L aufe der 11, bzw . 19 M onate d au e rn d en  In k u b a tio n  
freigew ordenen b iogenen  E lem ents is t in  den  einzelnen A rten  folgende:
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11 M onate  an d au ern d e  In k u b a tio n  m it g rü n en  B lä tte rn
Acer campestre 289.3 m g
A . tataricum 268.6 m g
Cornus mas 438,2 m g
Crateagus oxyacantha 293,2 m g
E uonym us verrucosa 375,7 m g
Ligustrum  vulgare 529.6 m g
Lonicera xylosteum 466,9 m g
Quercus cerris 297,4 m g
Q. petraea 213.1 m g

19 M onate  and au ern d e  In k u b a tio n  m it tro ck e n en  B lä tte rn
Acer tataricum  
Cornus mas 
Quercus cerris 
Q. petraea

290.5 m g 
435,9 m g
211.5 m g 
228,1 m g

Abb. 6. L ig u stru m  vulgare

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977
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Abb. 7. Lonicera xylosteum

Bei den einzelnen A rte n  is t die M enge der herau sg e lö sten  biogenen 
E lem ente  v o r allem  von dem  K -G ehalt der B lä tte r  b e s tim m t (vgl. T abelle 1), 
w elche T a tsa c h e  auch d u rch  die D a ten  der vo rgenom m enen  R egressions­
analyse (r: 0 .882, p : 0 .1% ) bew iesen w urde.

In  A n b e tra c h t der M enge der freigew ordenen E lem en te  g e s ta lte te  sich 
die R eihenfolge der A rten  (in R ich tu n g  A bnahm e) fo lgenderm aßen :

8 Acta Botanica Academiae Scienliarum Hungaricae 23, 1977
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b
Abb. 8. Quercus cerris

Abb. 9. Quercus pelraea
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Abb. 10. A cer tataricum

L igustrum  vulgare— Lonicera xylosteum — Cornus m as— E uonym us verru­
cosa— Crataegus oxyacantha— Acer campestre— A . tataricum  — Quercus cerris —
Q. petraea.

D ie q u a n tita tiv e  R eihenfolge d e r aus den grünen  u n d  tro ck en en  B lä tte rn  
d er einzelnen A rten  ausgelösten  b iogenen  E lem ente is t fo lgende:

Acer campestre (grüne B lä tte r)
A . ta taricum  (grüne B lä tte r)  

(trockene  B lä tte r)
Cornus mas (grüne B lä tte r)

(trockene B lä tte r)
Crateagus oxyacantha  (grüne B lä tte r)  
E u o n ym u s verrucosa (g rüne B lä tte r) 
L ig ustrum  vulgare (grüne B lä tte r)  
Lonicera xylosteum  (g rüne B lä tte r)  
Quercus cerris (grüne B lä tte r)  

(trockene  B lä tte r)
Q. petraea  (grüne B lä tte r)

(trockene  B lä tte r)

K > M g >  C a >  N > M n >  P >  N a >  Z n >  Fe 
K > C a > M g > M n  =  N > N a > Z n > F e > P  
K > M g > C a > N > N a > P  =  Z n > M n  =  Fe 
К >  Ca >  M g >  N  >  N  a >  P  >  M n >  Z n >  Fe 
K > M g > C a > N > N a > P  =  Z n > M n > F e  
K > M g > C a > N > N a > P > Z n = M n > F e  
K >  M g>  C a >  N >  Z n >  I \ a >  P >  M n >  Fe 
K > C a > M g > N > N a > M n > P > Z n > F e
K >  M g>  C a >  N >  N a >  Zn >  F e >  P > Л1 u 
K > C a > M g > N > M n > P = N a > Z n > F e  
Iv >  Ca >  M g >  M n >  N >  Xa >  P >  Zn >  Fe 
K > M g  =  C a > N > M n > P > N a > Z n  =  Fe 
K > M g > C a > N > M n > N a > P > Z n > F e

B ei säm tlichen  u n te rsu c h te n  A rte n  is t in g röß te r M enge K aliu m  fre i­
gew orden , ihm  fo lg ten  Ca, bzw . Mg. A us den grünen  B lä tte rn  w erden  in

8* A d a  Bolanica Academiae Scientiarum Hungaricae 23, 1977
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b

Abb. 11. Cornus mas

11 M onaten 80— 90 P ro z e n t des K -G ehalt, aus den  tro ck en en  B lä tte rn  dagegen 
in 19 M onaten 50— 7 0 %  herausgelöst.

D as rap id e  F re iw e rd e n  des K a liu m s w ird  d ad u rch  hervorgerufen , daß  
im  P ro z e n tv e rh ä ltn iß  d e r  herausgelösten  E lem en te  K a liu m  v o rherrsch t. 
D ieses V erhältn is ä n d e r t  sich bei den tro ck en en  B lä tte rn  n ach  einem 10— 15 
M onate  andauernden  A b b au , weil sich w egen der ra sch en  H erauslösung  des 
K a liu m s das K -P ro z e n tv e rh ä ltn is  v e rrin g e rt, der P ro z e n tsa tz  von K alzium  
u n d  M agnesium  d agegen  zu n im m t (A bb. 9— 13).

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977
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Abb. 12. Quercus cerris

a

Monat
b.

Abb. 13. Q uercus petraea
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Z usam m enfassung

D en u n te r  L ab o rv e rh ä ltn issen  d u rch g efü h rten  U n te rsu ch u n g en  des 
A b b a u s  gem äß geht die D ekom position  d er g rünen  B lä tte r  —  au fg ru n d  des 
G ew ich tsverlu stes u n d  d er M enge der fre igew ordenen  biogenen  E lem en te  — 
ra sc h e r  vor sich, als d ie  d e r tro ck en en  B lä tte r . D er raschere  A b b au  s te h t v e r­
m u tlic h  m it dem  höheren  N itro g en g eh a lt d er B lä tte r  im  Z usam m enhang .

Im  Gang des A b b au s  können  3 P h asen  u n te rsch ied en  w erden  in  der 
e rs te n  P hase, d .h . in  den  e rs ten  drei M onaten  des A bbaus w ird eine große 
Q u a n t i tä t  b iogener E lem en te  frei. In  der 4— 5 M onate a n d a u e rn d e n  zw eiten  
P h a se  w ird  das F re iw erden  d er E lem en te  v e rlan g sam t, w äh ren d  in  der d r it te n  
P h a se  in  v e rh ä ltn ism äß ig  g leichm äßiger V erte ilung  m o n a tlich  eine sehr 
geringe  M ange von  E le m e n te n  h e rausge löst w ird.

M ehr als 50 P ro z e n t der biogenen E lem en te  w erden  in  den ers ten  4— 5 
M o n aten  der D ekom position  frei.

D as F reiw erden  e in er großen M enge von biogenen E lem en ten  erfo lg t 
in  den  ersten  drei M o n aten  vor allem  hei solchen A rten , in  deren  B lä tte rn  
sich  d er K -G ehalt u m  1 P ro z e n t bew egt.

D as am  ra sch es ten  u n d  in  g rö ß te r  M enge ausgelöste  E lem en t is t das 
K a liu m .

Die B lä tte r  e in iger S tra u c h a rte n  (Cornus m as, E u o n ym u s verrucosa, 
L ig u stru m  vulgare, Lonicera xylosteum ) »gehen« a n n äh e rn d  zw eim al soviele 
b iogene E lem ente  ab , w ie die B lä tte r  d er B äum e Quercus cerris u n d  Q. petraea.

Die E n ts te h u n g  des a rten re ich en  U nterw uchses in  e iner d ich te  S tra u c h ­
sch ich t aufw eisenden W aldgesellschaft m ag m it dem  raschen  A bb au  der B lä t te r  
d er S trauch  a rten , sowie m it dem F re iw erden  einer g roßen  M enge biogener 
E lem en te  im  Z u sam m en h an g  stehen . D iese A nnahm e k a n n  n a tü r lic h  n u r  
d u rch  die m eh rjäh rig en  E rgebn isse  (s. T óth e t al., 1975) einer au f dem  F elde 
d u rch g efü h rten  ex p erim en ta len  A bbau -F o rsch u n g  b e s tä tig t  w erden.
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PHLEUM STUDIES II
PH L E U M  H U B B A R D II A N E W  S P E C IE S  OF PO A C E A E  (G R A M IN E A E )

By

D. K ováts

BOTANICAL DEPARTM ENT OF T H E  NATURAL HISTORY MUSEUM, BUDAPEST 

(R eceived: N o v em b er 25, 1976)

A new series (Series Pratenses), an d  a new species o f Poaceae (Gramineae  the  
Phleum H ubbardii D. K ov. (dip lo id : 2ra =  14) are rep o rted . T he h o lo types o f L in n a e u s  
Phleum  nodosum- a n d  D e Ca n d o l l e ’s Phleum bertolonii are described. E arlie r, the  
diploid Phleum  pratense  L. was id en tified  w ith  e ither o f these  tw o ty p es . T he m easu re­
m en ts o f th e  tw o ho lo types are co m p ared  w ith  those of th e  here-described  diploid 
(2n =  14) Phleum H ubbardii D. K ov. — and  of the  hexap lo id  (2n =  42) Phleum  p ra ­
tense L. I t  has been s ta te d  th a t  th e  tw o  holotypes m en tio n ed  above are n o t  diploid, 
b u t  are id en tica l w ith  th e  underd ev e lo p ed , “ d ep au p era te”  h exap lo id . Ph. pratense  L. 
of s tu n ted  grow th . B y  com paring  in genera l th e  here-described dip lo id  Ph. H ubbardii 
D. K ov. and th e  hex ap lo id  Ph. pratense  L. w ith  regard  to  som e of th e ir  ch aracte ris tics 
an d  sizes of organs i t  can  be s ta te d  t h a t  th e  differences be tw een  th e  tw o species are  no t 
on ly  q u a n tita tiv e  (th e  difference b e tw een  th e  sm aller d ip lo id  an d  g rea te r hexaplo id  
sizes o f organs), b u t  also q u a lita tiv e  (9 o u t o f the  10 ch arac te ris tics  exam ined  are dif­
fe ren t) in n a tu re .

Introduction

T he a u th o r has been dealing w ith  Phleum pratense  L. fo r a b o u t th ree  
y ea rs . Besides s tu d y in g  th e  p lan ts  co llec ted  from  n a tu ra l  h a b ita ts , o b se rv a ­
tio n s w ere also m ade on th e  sam ples o f  th e  tw o species grow n u n d e r id en tica l 
ecological cond itions in  exp erim en ta l gardens. In  th is  w ay , th e  differences 
caused  b y  h a b ita t  fac to rs  are  e lim in a ted  an d  on th e  o th e r h a n d , th e  dev ia tio n s 
a ris in g  as a re su lt of po lyp lo idy  or d iffe ren t grow th h a b it  becom e m ore  p ro ­
no u n ced .

In  previous p ap e r I tr ied  to  co m p are  th e  ex te rn a l an d  in te rn a l m o rp h o ­
logical ch arac teris tics  o f th e  fertile  culm s of the  d ip lo id  (2n =  14) an d  th e  
h ex ap lo id  (2n =  42) P hleum  (N o r d e n s k iö l d , 1945; D a r l in g t o n— W h y l i e , 
1955), in  o rder to  d istingu ish  th e  tw o species and also to  p o in t ou t th e  d iffer­
ences in  th e ir  grow th ( K o v á t s , 1976).

In  th e  course o f th e se  w orks lig h t has been th ro w n  u p o n  th e  fa c t th a t  
P hleum  nodosum  L innaeus, 1759, and  P hleum  bertolonii D e Candolle, 1813., 
w h ich  used to  be considered  as th e  h o lo ty p es  of the  d ip lo id  2n =  14 P hleum , 
a re  in  fa c t u nderdeveloped  “ d e p a u p e ra te ” , specim ens o f s tu n te d  g ro w th  of 
th e  hexap lo id  2n =  42 P hleum  pratense  L . T h e  earlier a u th o rs  used  to  id en tify  
th e  d ip lo id  phleum  w ith  th e  ho lo type  o f L i n n a e u s  or D e Ca n d o l l e , w ith o u t
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a n y  exam in a tio n  o f th e  h o lo ty p es  m entioned . T herefo re , I  h ad  to  give a new  
n am e  and  descrip tion  to g e th e r  w ith  a new h o lo ty p e , b y  p o in tin g  ou t a t th e  
sam e tim e  th e  g eno typ ic  ch a ra c te rs . On th e  basis o f all th ese , th e  diploid 
P hleum  can  he d is tin g u ish ed  u n am biguously  from  th e  h exap lo id  Phleum . 
I n  th e  lite ra tu re , even in  som e o f th e  w orks w hich consider th e  d iploid Phleum  
as an  in d ep en d en t species a n d  sep a ra te  i t  from  th e  hexap lo id  Ph. pratense  L ., 
th e  su b area l tuberosus in te rn o d e s  o f stem  are  ta k e n  as basis, w hich is a m is­
ju d g e m e n t of th e  d iffe ren tia  specifica (L i n n é , 1759; H o st , 1801— 1809; 
D e  Ca n d o l l e , 1813; B e r t o l o n i , 1833; Gr o s s h e im , 1928; H e r m a n n , 1956; 
B u t s c h e r , 1961), or th e y  consider only th e  d ifferences in sizes as decisive 
w h en  separa ting  th e  tw o  species (Clapham— T u t i n — W a r b u r g , 1959).

In  m y prev ious w o rk  ( K o v a t s , 1976) even  I m yse lf used  th e  Phleum  
berto lin ii DC. desig n a tio n , a f te r  th e  G erm an w o rk er ( H e r m a n n , 1956) and  th e  
E n g lish  w orkers (D a n d y , 1958; Clapham— T u t i n — W a r b u r g , 1959, 1962; 
H u b b a r d , 1968) for th e  desig n a tio n  of th e  d ip lo id  P hleum .

In  m y p resen t w o rk  a new  Phleum  series, a po lyp lo id  line, th e  Series 
Pratenses  D. K ov. has b een  e rec ted . This is n o t new  in th e  Poaceae (Gramineae) 
re sea rch , for J .  Ú j h e l y i  in  th e  course of his e v o lu tio n a ry  s tu d ies  has a lready  
e stab lish ed  ev o lu tio n a ry  p o lyp lo id  lines, in  th e  genera Sesleria  and  Koeleria  
( Ú j h e l y i . 1959, 1961— 1974).

M aterials and m ethods

W e collected th e  ty p e  specim ens together w ith  Jó zse f Ú j h e l y i  an d  Sándor T ó th  in 
H u n g a ry , from  th e  d ry  m ead o w  n ear th e  village H á rsk ú t  in  th e  B ak o n y  M ountains, a t  th e  
e n tra n ce  of the  E sz te rg áli v a lley , a t  an  a ltitu d e  of 4 0 0 —450 m . S ándor T ó th  led us to  th is  
exce llen t h a b ita t. T he sp ec im ens w hich were collected by  us are deposited  in  the  H erbaria  o f 
th e  N a tu ra l H isto ry  M useum  of B u d ap est (HB).

Stem s from  th e  a b o v e  m a te ria ls  were p lan ted  in  ex p erim en ta l ga rd en s together w ith  th e  
sam ples collected from  o th e r  areas, un d er id en tica l cond itions.

F or a com parison b e tw ee n  th e  diploid and  th e  h ex ap lo id  species, th e  new holo type an d  
th e  D e  Ca n d o l l e  h o lo ty p e , sk in  p rep ara tio n s from  culm s (Ú j h e l y i , 1954) and collodium  
rep lica tes  (L o v a s , 1960; S á r k á n y -S z a l a i, 1964) w ere m ade  from  th e  up p erm o st in te rn o d es 
o f  th e  culm s bearing  th e  p an ic le , w here th e  culm  becom es free from  th e  leafsheaths. The p h o to ­
g rap h s  tak en  of th e  ep id e rm is a re  o f iden tical m ag n ifica tion .

A table is given fo r a  com parison  betw een  th e  h o lo types (T able 1, Group A) an d  fo r 
th e  general ch aracte ris tics a n d  sizes o f th e  diploid an d  hex ap lo id  P hleum  (G roup B) (Cl i f f o r d , 
1969; S n e a t h -S o k a l , 1973; S z u j k ó -L a c z a — S e n , 1976). T he m easures are in  general from  
th e  average of ab o u t 50 d a ta  (G roup B). W ith  th e  excep tio n  of th e  ty p es , th e  m in im um  a n d  
th e  m axim um  averages a re  also  given for th e  various o rgans (G roup B , m in im um  x  and  m a x i­
m u m  x). A fter th e  d a ta  o f len g th  and  d iam eter, th e  ra tio s  are also given. T he characters an d  
th e  sizes are given in  se ria l n u m b ers , there  are a lto g e th e r 19 of th em ; th e  characters th a t  ex is t 
a re  given a - f  sign, th e  m issing  ch aracte rs are in d ica ted  w ith  a  — sign. T he non-estab lishab le  
a n d  non-m easurable  c h a ra c te rs  are m arked  & in  ty p es  o f G roup A. T he characters an d  sizes o f 
th e  L in n a e u s  h o lo ty p e , a n d  H u b b a r d ’s d a ta  (1956) a re  given on th e  basis of correspondance 
w ith  H u b b a r d . A fte r th e  c h arac te rs  and th e  m easures, th e  develo p m en t of th e  specim ens 
ex am ined  (it is on ly  d iffe re n t w ith  th e  types), and  th e  phenological stages are m ark ed  a f te r  
S z u j k ó -L acza — F e k e t e  (1973) (Table 1).
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R esu lts and discussion

The an alysis o f  the L in n aeu s and D e Candolle h o lo ty p es

I had  no o p p o rtu n ity  to  see p erso n a lly  the  P hleum  nodosum  ty p e  or 
ty p e s  o f L i n n a e u s  (1759). I, th e re fo re , m ade a personal com m u n ica tio n  w ith  
th e  w orld  fam ous researcher o f g rasses, D r. C. E. H u b b a r d , to  seek his com ­
m en ts  as to  w hy he used  in  th e  second ed ition  of his bo o k  ( H u b b a r d , 1968) 
th e  designation  Phleum  hertolonii a f te r  D e Candolle  (1813), in s tead  o f  Phleum  
nodosum  L. (1759) used in  th e  f i r s t  ed ition  ( H u b b a r d , 1954). H u b b a r d ’s 
re m a rk , for w hich I owe a d eb t o f g ra titu d e  to  him , is rep resen ted  below :

“ T here  are tw o speciem ens u n d e r P hleum  nodosum  in th e  L in n ean  H erb ariu m , L ondon , 
n u m b ered  81.2 and 81.3.

Sheet 81.2 is labelled  a t  th e  base “ nodosum ” in L in n a e u s ’s h a n d w ritin g . T he sheet 
also b ears a  sm all stuck-dow n label on w hich  is w ritte n  “ Gramen typhoides , vol. 3, p . 154, no* 
14” , an d  “ Phleum  nodosum44. T he f irs t p a r t  ( “ Gramen typhoides” ) w as queried  as being  th e  
w ritin g  of S e g m ir , by  Sa v a g e  in his accoun t o f th e  L innean H e rb ariu m , b u t  it does n o t agree 
w ith  th e  e x tra c t of S e g m ir ’s h an d w ritin g  g iven  by  Sa v a g e . I t  resem bles th e  h a n d w ritin g  of 
G. A. M u r r a y  (N o. 38, in Sa v a g e ’s w ork). T he “ P hleum  nodosum44 is in  th e  h a n d  of L in n a e u s . 
O n th is  shee t there  are four sep ara te  pieces o f cu lm , bearing one or tw o  leaves, an d  each  w ith  
an  inflorescence, to g eth e r w ith  one piece of th e  low er p a r t  of the  culm  w ith  th e  basal in te rn o d e  
sw ollen an d  13 m m  long b y  4 m m  wide a t  th e  base. The leaf-blades a re  4.5 — 6 cm long, in ­
vo lved  (a b o u t 2.5 m m  wide w hen opened o u t) . T he spikes are cy lin d rica l, 3.5 — 5.5 cm  long 
b y  5 — 6 m m  wide. The spikelets are 2.7 — 3 m m  long, and w ith  0.5 —1.5 m m  long awns.

T his is the  p la n t I f irs t accep ted  as th e  ty p e  of Phleum nodosum  L. w hich  I s tu d ied  for 
D r. W . B. T u r ill’s t ra n sp la n t experim en ts  (pu b lish ed  in the  J o u rn a l  o f Ecology) w hen  he 
com p ared  th e  grow th of th e  dip lo id  (Ph. nodosum ) and  hexaploid  (P h . pratense) in various 
ty p es  o f soil. I t  was also used  b y  me in th e  f ir s t  ed itio n  of “ Grasses” . L a te r  I found  i t  was n o t 
th e  ty p e , h av ing  been added  to  th e  L in n ean  H e rb a riu m  after 1759.

S h ee t 81.3 is labelled  a t th e  base “ P hleum  nodosum 44 and  “ A” . T h e  “ A ”  and  o th er le tte rs  
o f  th e  a lp h a b e t were given to  new  species d escribed  in th e  “ System a N a tu ra e ”  ed. 10. On th e  
b ack  of th e  sheet has been w ritte n  “Gramen nodosum  spicatum  b. B. P ro d r” . The specim en 
co nsist o f a single culm  doubled  up  on th e  shee t, w ith  th e  upper p a r t  (one lea f  and  spike) b roken  
from  th e  b o tto m  h a lf of th e  p lan t. The b asa l in te rn o d e  is d= bulbous, 17 m m  longX  5 m m  wide 
a t  th e  base. The culm  is very  slender, ab o u t 54 cm  long, geniculate, u n b ra n ch e d , ab o u t 2 m m  
w ide above th e  bulbous zone. T he leaf-b lades a re  u p  to  20 cm long, 2.5 m m  wide. The spike 
18 m m  long X7 m m  wide (including aw ns) i  ovate-ob long , w ith red u ced  sterile  sp ikele ts a t  
th e  base . T he best developed sp ikelets are 3 m m  long, w ith  awns 2 m m  long , w hile th e  o th er 
sp ike le ts (poorly developed) have  sh o rte r awns.

T he specim en agrees v e ry  well w ith  th e  d iagnosis of Phleum nodosum  w hich L in n a e u s  
gave in th e  Syst. N at. (1759), and  m oreover th e  nam e “ Ph. nodosum  A ”  is in  th e  h an d w ritin g  
of L in n a e u s , the  le tte r  “ A” com ing from  th e  “ S y s t. N a t.” , showing th a t  L in n a e u s  h ad  the  
specim en  before  th e  Second E d itio n  of th e  “ Species P la n ta ru m ” , w here  P hleum  nodosum  is 
n u m b ered  “ 2” . This specim en m u st be th e  ty p e  (h o lo type) of Phleum nodosum . U n fo rtu n a te ly  
i t  is a d e p au p e ra te  p la n t of th e  la rger P hleum  pratense  L. I t  is sim ilar to  specim ens from  Sw eden 
an d  S c o tlan d , w hich have  sm all -f- n o rm al large  inflorescences on th e  sam e p la n t” . (C. E . 
H u b b a r d  5. 5. 1956) . . . “ As a re su lt of d iscovering  th a t  th is specim en w as a d ep au p e ra te  
specim en  of Phleum  pratense  L ., i t  becam e a sy n o n y m  of th a t  species. T h e  n e x t nam e for th e  
d ip lo id , p rev iously  nam ed Ph. nodosum  L. p ro v e d  to  be Phleum bertolonii D C .”  . . .

C. E . H u b b a r d  5. X I . 1975

T h e ty p e  specim en of D e Ca n d o l l e ’s Phleum  bertolonii w as o b ta in ed  b y  
th e  C ourtesy  o f th e  C onservato ire  e t J a rd in  B o tan iques V ille  de G eneva. 
U n fo rtu n a te ly  th e  specim en tu rn e d  o u t to  be a s tu n ted  flow ering  form  of th e
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P h o to g r a p h  1 . P h le u m  b e r to lo n ii , the holotype of De Candolle

la rg e  hefty  Phleum  pratense  L .; th e  u p p e r m ost in te rn o d e  having  grown o u t 
on ly  a little  o f th e  le a f  sh ea th  and  th e  u p p e r p a r t  of th e  pan ic le  having sp ikele ts  
s till in  flow ering w hile th e  low er ones h av in g  com pleted  th e ir  blossom ing (T ab le  
1, G roup A. P h o to g ra p h  1).

A t the  beg in n in g  I  had  d o u b t a b o u t th e  o rig in a lity  o f  th e  D e Ca n d o l l e  
ty p e  specim en since th e  tim e  of collection , in  th e  h a n d -w ritin g  of B e rt o l o ni  
th e  collector, could  be  read  e ith er as 1810 or 1820. T h is u n c e rta in ty  was even  
increased  by  th e  c ircu m stan ce  th a t  recen tly  som ebody  w ro te  on th e  lab e l 
w hich held th e  p la n t  to  be o f 1820 (P h o to g rap h  1). In  th is  case th is descrip tion  
should  be re la ted  to  a specim en co llected  a fte r  1813 an d  therefore  could n o t 
be  a ho lo type. M y d o u b ts  w ere e lim in a ted  w hen to  m y  inqu iry  I rece ived  
a rep ly  from  G eneva th a t  th e re  was no m ore P h. bertolonii DC. specim en 
collected by B e r t o l o n i  in D e Ca n d o l l e  H erb a riu m . S everal Phleum  p la n ts
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w ere described  b y  D e  C a n d o l l e , b u t none o f  th em  was from  I ta ly . The sp e ­
cim en exam ined  by  m e corresponded  to  th e  descrip tion  ( D e  C a n d o l l e , 1813, 
p .  132).

I t  is fu r th e r  proved  b y  th e  follow ing fa c ts  th a t ,  only th e  specim en ex a ­
m ined  b y  m e could he th e  h o lo type  of D e  C a n d o l l e . The h a b i ta t  o f the  spe­
cim en is w ritte n  as S arsana  (also accord ing  to  th e  descrip tion , D e  C a n d o l l e , 

1813), an d  th e re  are  a few rem ark s , d a te , an d  th e  h an d -w ritin g  o f th e  collector 
B e r t o l o n i : “P hleum  nodosum  L. A n re c ta ?  S tam in a  a lba , q u an d o  que pu r- 
p u ra sc e n tia  S arsana 1810. CMG. n. B e r t o l o n i ” . Besides, in  th e  h an d -w riting  
o f  D e  C a n d o l l e  th e  follow ing can be read  on th e  ty p e  sh ee t: “ Phleum  Ber- 
to lin ii  DC. (a. P . DC. S c rip sit)”  (P h o to g rap h  1).

As h as  been m en tio n ed  in  th e  fo regoing  p a rag rap h s th e  ho lo type  o f 
D e  C a n d o l l e  (1813) P hleum  bertolinii, on th e  basis of its  m easu res, unfor-
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Table 1

Comparison o f  various characters and sizes ( in  m m ) o f  the L innean  Phleum  nodosum and De Candolle Phleum  bertolonii holotype 
and o f  the dip lo id  Phleum H ubbardii D. K ov. holotype Group A  and in general o f  the dip lo id  Phleum H ubbardii 

D. Kov. and the hexaploid Phleum  pratense L. grown in  the identical habitat — Group В

to

Characters

Group A 
H olotypes Group В

holotype of
L i n n a e u s

holotype of 
D E Candolle

new holotype 
Phleum Hubbardii D. Kov. Phleum Hubbardii D. Kov. Phleum pratense L.

b rea th /
length

breath /
length

breath /
length

m inimum X 
maximum X

brea th /
length

minimum X 
maximum X

breath /
length

1. Basal internode
(usually) tuberous
+  or no t — + +

2. M easurem ent of the  length 17 10 r5 7 - 1 0 0 .7 1 - 1 0 - 2 5 0.80 —
low erm ost tubers and 0.29 1.20 1.40

b re a th 5 12 7 5 - 8 0.80 8 - 1 5 0.60
3. E xtravag ina lis  innovation

presen t -f- or absen t — & & & + —
4. In travag ina lis  innovation

present -f- or absen t — & & & — +
5. Innovation  present -f~

absen t — in upper
internodes of the  stems & & & ___

6 . Shoots often  p a rtly  vege-
ta tiv e  -f- or no t — & & & + —

7. All of th e  shoots usually
fertile -f- or no t — & & & +

8. Shoots usually  p ro stra te
or p rocum bent + —

9. Shoots spreading on the
ground specially in
au tu m n  -f- or no t — & & & + ___

10. Culms (m ostlv) m aintain-
ing u p rig h t grow th -f- 1
or not — 1 — +

11. Culms slender/stou t + + +

K
O

V
Á

T
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540 590
12. M easurem ent of culms

length
and
b rea th

13. N um ber of nodes p resen t
14. L eng th  of th e  leafsheaths
15. M easurem ent of

leafblades length
and 
b rea th

16. L ength  of the  ligules
17. M easurem ent o f length

panicles and
brea th

18. L ength  of th e  spikelets

19. L ength  of th e  awns

E xam ined  p lan t(s) well 
developed +  or not — 

Phenological stages

2
&
&

0.0037

200

2.5
&
18

7
3

(the best 
ed)

2

0.012

0.066

develop'

(the best develop­
ed)

un d er developed 
“ dep au p era te”

&

0.0033
2

6 - 7
2 0 -1 0 5

90

3
5

105

7
3

0.033

0.085

1

stu n ted  grow th
24, 3 2 - 3 3 ,  42

530 3 0 0 -8 0 0 0 .0 0 3 3 - 7 0 0 -1 5 0 0 0 .0 0 2 1 -
0.0028

1.5 1 - 1 .5 0.0018 1 .5 - 3 0.0020
5 - 9 5 - 1 0 6 - 8

2 0 -1 0 0 2 0 -1 7 0 100 — 200

4 0 - 7 0 0 .0 5 0 - 5 0 -1 2 0 0 .0 4 0 - 1 2 0 -3 0 0 0 .0 5 0 -

2 - 2 .5 0.035 2 - 3 0.025 6 - 9 0.03
1 .5 - 3 2 - 4 5 — 6

70 1 0 - 9 0 0.30 - 6 0 -1 5 0 0.116 —
0.085

6 3 - 6 0.066 7 - 1 0 0.066
2 - 2 .5 2 - 2 .5 3 - 3 .5

1 0 .5 - 1 1 - 2

4~ r +
24, 3 2 - 33, 42 24, 33, 42 24, 33, 42

to
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Photographs 3. a n d  4. E p id e rm al s tru c tu re  o f th e  culm  h o lo type  of th e  new species, P hleum  
H ubbardii D . K ov. a n d  D e  Ca n d o l l e ’s h o lo ty p e  Phleum  bertolonii culm , below th e  pan ic les 

(collodium  rep licas, X 200 in  every  case)
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Photographs 5. and  6. E p id e rm al s tru c tu re  of diploid P hleum  H ubbardii D. K ov . and hexaplo id  
Phleum  pratense  L . cu lm s, below  the  panicles (sk in  p re p a ra tio n , X 200 in  every  case)
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tu n a te ly , is id en tica l w ith  a ro b u st b lossom ing  Ph. pratense  L . w hich has n o t 
y e t  reach ed  its  f in a l h e ig h t. T his is in d ica ted  b y  th e  w id th  o f  low erm ost tu b e r , 
th e  th ick n ess  o f  th e  cu lm , th e  len g th  o f th e  ligules, th e  len g th  an d  w id th  of 
th e  p an ic le  and  th e  large  size o f th e  sp ikele ts  (T able 1, G roup A; P h o to g ra p h  1). 
T h e  id en tica l s tru c tu re  o f th e  ep iderm is also te s tifie s  th is , besides th e  ex te rn a l 
m orpho log ica l com parison  ( f irs t o f all th e  w id th s  of th e  costa l an d  in te rco s ta l 
zones are  sim ilar; P h o to g rap h s  3— 6). A n ex cep tion  is th e  sh o rt culm  w hich  is 
a consequence of th e  s tu n te d  g row th . I t  is especially  th e  u p p e rm o s t in te rn o d e  
below  th e  panicle (P h o to g rap h  1) th a t  is sh o rt, 18 cm, in com parison  w ith  th e  
o th e r  p a r ts  of th e  culm . B y  com paring  th e  dip lo id  and  th e  hexap lo id  Phleum  
—  on  th e  basis of th e  averages o f a b o u t 200 d a ta  —  i t  can  be  observed  th a t  
th e  u p p erm o st in te rn o d e  of th e  specim ens o f th e  d ip lo id  species th a t  h av e  
reach ed  its  fu ll h e igh t is 19 cm , w hile th a t  of th e  hexap lo id  Ph. pratense  L. is 
33.4 cm ( K o váts , 1976).

T he ho lo type  o f L i n n a e u s  (1759) P h. nodosum  (th e  one w hich  can  he 
th e  h o lo ty p e  on th e  basis o f th e  tim e  o f co llection) is also an u n d e rd ev e lo p ­
ed, “ d e p au p e ra te”  form  o f a Ph. pra tense  L . (personal com m u n ica tio n  of 
H u b b a r d , 1956); th is  is also show n b y  its  m easures (T able 1, G roup A). T he 
le n g th  m easure  o f th e  tu b e r  is re m a rk a b ly  g rea t, 17 m m  (T able  1, G roup  A, 
2); in  th e  Ph. pratense  L . i t  is 10— 25 m m  (Table 1, G roup  B, 2). T he len g th  
m easu re  of th e  leaf-b lades is also e x tre m e ly  g rea t, 200 m m  (“ up  to  20 cm  long” , 
H u b b a r d , 1956) (T able 1, G roup  A, 15); in  th e  P h. pratense  L. i t  is 120— 130 m m  
(T ab le  1, G roup B, 15). T h e  sp ikele ts a re  long, 3 m m  (“ th e  b es t developed  
sp ikele ts  are 3 m m  long, w ith  aw ns 2 m m  long, while o th e r  sp ikelets (poorly  
developed) have  sh o rte r  aw ns” (T able  1, G roup A, 18); in  th e  Ph. pratense  L. 
i t  is 3— 3.5 m m  (T able 1, G roup B, 18). T h e  shortness o f culm , 540 m m  (T able 
1, G roup A, 12). an d  especia lly  th e  sh o rt size of th e  pan ic le , 18 m m  (T able  1 
G roup  A, 17) is a consequence  of th e  specim en being u n d erd ev e lo p ed , “ d e ­
p a u p e ra te ” .

T he diploid P hleum  species is know n  from  th e  l i te ra tu re  ( N o r d e n s k iö l d , 
1945; H u b b a r d , 1954, 1968; Cl a p h a m — T u t in— W a r b u r g , 1962; H e s s — 
L a n d o l t — H ir z e l , 1967; B o r , 1970), b u t  th e  type-specim ens are hexap lo id  
P h. pratense  L .-s. As a re su lt of th e  in co rrec t analysis o f th e  ho lo ty p es, or of 
th e  lack  of its  know ledge, it  has been  m istak en ly  id en tified  w ith  th e  dip lo id  
species, th ere fo re  th e  nam es app lied  fo r th e  diploid Phleum  (Ph. nodosum  L. 
a n d  Ph. bertolonii DC.) a re  n o t va lid .

P h leu m  H ubbardii D . K ov. Species n ova

Syn.: Ph. nodosum  L . pro . p. L in n aeu s , C. (1759): S y stem a  N a tu re , ed. 10. 871. 
Ph. pratense  ssp. v a r. nodosum  (L .) S R E B . pro . p . Sreber, J .  C. D . (1769): B eschreibung  der 
G räser n eb st ih ren  A b b ildungen  n ach  der N a tu r . 1. 102. Ph. bulbosum  H o st pro . p. H o s t, N. T. 
(1809): Icônes e t D escrip tiones G ram inum  A u striacu m . 4. 12 — 13. Ph. bertolonii DC. pro . p.
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De Candolle, A. P . (1813): C atalogus P la n ta ru m  H o rti B otan ic i M onspeliensis. 151 — 152. 
Ph. pratense  L. va r. (?) stoloniferum  (H o st) B o rbás, pro . p. B o rbás, Y. (1877—78): M at. és 
T erm .-tu d . Köziem . 15. 308. Ph. pratense  ssp. nodosum  (L .) R ieh t, p ro . p. R ich te r, K . (1890): 
P la n ta e  E uropeae. 1. 36. Ph. pratense  v a r . nodosum  B a tt . e t  T ra b u t p ro . p . B a tta n d ie r  e t  T ra b u t  
(1895): F lore de l’Algérie. Monocotylednoes. 144. Ph. pratense  ssp. Ph. vulgare va r. Bertolonii 
A. and  G. pro . p. A scherson, P . — G raebner, P . (1898): Synopsis der M itte leuropäischen  
F lo ra . 2. 142. Ph. pratense  va r. pilisense  B oros p ro . p. Boros, Á. (1964): A grobot. 5. 2 8 7 —295.

P la n ta e  perennes, graciles, usque  30 — 60 cm  longae, lax e  caesp itosae , m u lticau les , re- 
cu m ben tes, in n o v â tionibus e x trav ag in a lib u s , rh izo m atib u s m u lticau lib u s , p ro rep en tib u s  vel 
sto loniferis, bu lboso-incrassatis , usque 6 cm  longis , e t  1,5 — 3 m m  crassis, vagin is v e tu s tis  in- 
teg ris vel p a ru m  m acera tis , b runneo-fuscis, laxe in fla tis . Cormi steriles graciles, u sq u e  20 cm  
longi. Culmi 1,5 m m  crassi, basi usque tr ib u lb o si, in te rn o d ia  in ferio ra  7 m m , superio ra  20 m m  
longa. V aginae fo liorum  usque 3 cm  longae, lam in ae  usque 9 cm longae e t 2 m m  la ta e , lanceo- 
la ta e , ad  apicem  an g u sta tae , m arg in ibus, e t  costis m inutissim e scab riuscu lae . L igulae fo lio rum  
usque  2 m m  longae, in teg rae , ob tusae . Culmi flo riferi usque 53 cm  longi, e t 1,5 m m  crassi, 
b asin  dense bulbose in fla ti usque  ad  3 m m . V ag inae  foliorum  in ferio rum  usque 2,5 cm  longae, 
su perio rum  usque  10 cm longae, lam inae  in ferio ru m  u sq u e  7 cm longae, e t  2 m m  la tae  ad  ap icem  
longe a n g u sta tae , superio rum  u sque  4 cm longae, e t  2,5 m m  la ta e , g ra d a tim  a n g u sta tae , m a r­
g in ibus e t  nervis m inu tissim e scabriusculae . L igu lae  inferiores u sque  3 m m  longae, superio res 
usque  1,5 m m  longae. P an icu lae  spiciform es, u sq u e  7 cm  (8 —9 cm ) longae, e t 0,6 cm crassae , 
dense oblongo —cylindricae, pallide  v irescen tes, a lbescentes, pedicelli sp icu lorum  brev issim i, 
in  rach id e  1 — 5 spiculis. Spiculae p a rv ae , sine a ris tis  2 — 2,5 m m  longae, a ris tis  1 m m  longis, 
e t  sine ciliis 1 m m  la tae , un iflo rae, glum ae ob longae, tru n c a ta e , b re v ite r  a ris ta tae , carin is 
dense c iliatae , ad m arg inem  p a llidae-hyalinae , g lum a inferior 0,6 m m  la ta , a d  m arg inem  alb ide 
h y a lin a , m inutissim e rem ote  sericea, m arg in ibus lax e  longeque ciliatis. superio r 0,8 m m  la ta , 
m arg in ibus glabris, lem m a 1,5 — 2 m m  longa, in  apice m inutissim e d e n tic u la ta , pa lea  1,5 m m  
longa, b ica rin a ta . A n therae  1,5 — 1,8 m m  longae.

H a b ita t  in  gram inosis siccis.
H o lo ty p u s (p h o to g rap h ia  2) ad es t in  H erbario  M usei H isto rico -N a tu ra lis  

H ungaric i B udap estin i (H B ).
H o lo ty p u s: H u n g ária  occidentalis. In  p ra tis  siccis ad  pag. H á rsk ú t, 

m o n tiu m  B akony-hegység , p rope  opp. V eszprém . 30. IX . 1975. Leg. J .  Ú j h e l y i  

S. T óth e t D . K o v á t s .
I  d ed ica te  th e  p la n t to  D r. C. E . H u b b a r d , th e  re tire d  D ep u ty  D irec to r 

of B oyal B o tan ic  G ardens, K ew , a well know n  a u th o rity  o f grass sy stem atic s  
an d  a specialist of th e  flo ra  o f A u stra lia  a n d  tro p ica l A frica.

T he p la n t is a p eren n ia l, s lender herb  30—80 cm h igh , w ith  5— 10 nodes 
(th e  n u m b er o f  nodes u n d e r garden  co n d itions can even b e  16), th e  u p p e r 
in te rn o d es are  14— 19 cm long, th e  low er ones 0.3— 2.3 cm  long (K o v á t s ,
1976).

T he stocks are m u lticu lm ed  —  th e  in n o v a tio n  is e x tra v a g in a l — th e re ­
fore th e y  grow in to  loose tu f ts  of b ran ch  an d  bush  (P h o to g rap h s  7 an d  8). 
T he culm s are  m ostly  gen icu late , d ecu m b en t, loosely sp read , and  especially  
in  a u tu m n  lie on th e  g round  (K o váts , 1976).

T he rhizom es a re  freq u en tly  m u ltilo b ed ; th e ir  e x te rn a l m orphology  
being  generally  of tw o k inds. On th e  one h a n d , as a s tra ig h t co n tin u a tio n  o f  
th e  above-ground  culm s, th e y  are  u n d erg ro u n d  in te rnodes, w hich  have  becom e 
m ore or less th ickened  tu b ero u sly . O n th e  o th e r  h an d , th e se  tu b ero u s in te r ­
nodes co n tin u e  grow ing in  sto lons (sto lon iferous rh izom e). T hese  are  th e  p a r ts  
o f  culm s w hich are  m ostly  th e  p ro s tra te  b ran ch es of th e  u n d erg ro u n d  shoo ts
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Photograph 7. E x tra v a g in a l innovation  of P hleum  H ubbardii D. K ov. th e  new culm s b re ak
th rough  th e  leaf sh ea th s ( X 8)

an d  thu s th e y  co n n ec t th e  old shoots rem ain in g  from  th e  p rev ious years w ith  
th e  new ones o f  th e  yea r, growing above-g round .

The u n d e rg ro u n d  2— 3 in te rn o d es o f  th e  culm s m o stly  becom e th ick en ed ; 
a f te r  th e  w orks o f  T roll  (1937) an d  A r b e r  (1965) I also n am e  these  th icken ings 
tu b e r. T hey  a re  in  general 7— 10 m m  long  and  5—8 m m  w ide. U nder g ard en  
conditions, th e  low er p a r t  of th e ir  u p p e r  in te rn o d es can  also becom e tu b e ro u sly  
th ickened  or new ly  developed la te ra l  shoo ts can  develop also from  u p p e r 
nodes, and  o ften  n o t only one (KovÁTS, 1976). T hese new ly  developed shoo ts 
have  roo ts w hich  a re  m ostly  also tu b e ro u s  and  a lth o u g h  th e  re la tiv e  m ain  
ax is are u sua lly  roo tless, in certa in  cases th e y  also develop roo ts (P h o to g rap h  9). 
In  au tu m n , w ith  th e  re la tiv e  m ain  axes b end ing  dow n on to  th e  soil, th e y  com e 
in to  co n tac t w ith  soil, th en  get in to  soil, easily  becom e de tached  an d  live
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Photograph 8. P hleum  H uhbardii D. K ov. w ith  e x tra v a g in a l innovation , its  loosely  tu f tin g  s to ck ; 
an d  th e  th ic k , n o n -tu ftin g  stock  of Phleum  pratense  L. w ith  in tra v ag in a l in n o v atio n

fu r th e r  as in d ep en d en t stocks. T hus th e  p la n t  reproduces itse lf  in  a v eg e ta tiv e  
w ay  ( K o v á t s , 1976).

As generally  in  grasses o f  m arsh y  la n d , h e re  also cau line shoo ts develop. 
T h ree  q u a rte rs  o f th e  shoots a re  fertile , b e a rin g  panicles, an d  on ly  one q u a r te r  
o f th em  is v eg e ta tiv e . T he la t te r  are 14—45 cm  long and  1— 1.5 m m  w ide.

In  a u tu m n , th e  low er and  m idd le  in te rn o d es  of th e  v e g e ta tiv e  shoots 
a re  genera lly  e longated , w hile th e  le a f  sh ea th s  a n d  lea f blades becom e d iso rgan ­
ized. T h e  u p p e r culm  p a r ts  are  on th e  o th e r  h a n d  short, tu b e ro u s ly  swollen, 
th e  leaves a re  green, and  fresh  (P h o to g rap h s  10 an d  11).

T he dead , old lea f shea th s  s tre tc h  a p a r t  an d  scale off d u rin g  th e  early  
stag e  o f d ev e lopm en t; th e ir  color being d a rk  b row n. The low er le a f  sh ea ths 
o f  th e  fe rtile  shoo ts are  2— 10 cm long, th e  u p p e r  ones 7— 17 cm . T he low er

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



132 KOVÁTS, D.

Photograph 9. N ew  sh o o ts  w ith  tu berously  sw ollen base grow ing from  th e  up p er node o f th e  
culm , bearing  ro o ts  ev en  fa r  above g round  — in  Phleum  H ubbardii D . K ov. grown u n d e r g a rd en

cond itions ( X 7)

le a f  b lades are  6— 12 cm  long, 2— 2.5 m m  w ide; th e  u p p e r  ones 5— 12 cm  long 
an d  2— 3 m m  w ide. T h e  leaves are  lan ceo la te , ta p e rin g  tow ards th e  ap ex  along  
th e  edges and  th e  rib s  are  m inu te ly  ro u g h c ilia te . T h e  low er ligules are  3— 4 m m  
long and  th e  u p p e r  ones 2— 3 m m .

T he le a f  sh e a th s  an d  lea f b lades o f th e  v eg e ta tiv e  shoots are also u su a lly  
sh o rte r  and  o ften  even  narrow er th a n  th o se  of th e  fe rtile  shoots. T h e  low er 
le a f  sheaths a re  2— 4 cm  long, th e  u p p e r  ones are  m o stly  even sh o rte r, 2 —-3 cm  
long. This sh o rtn ess  is especially conspicuous in  a u tu m n  w hen th e  u p p e r 
culm  p a rts  do n o t  e longate  b u t sw ell tu b e ro u s ly  an d  ram ify  (P h o to g rap h s  10 
an d  11). T he low er le a f  blades are  3— 10 cm long, 2— 3 m m  wide, w hile  th e  
u p p er ones 3 — 6 cm  long and  2— 3 m m  w ide, lan ceo la te , narrow ing  to w ard s
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Photograph 10. Two v eg eta tiv e  shoots and a fertile  shoot in th e  m iddle  o f P hleum  H ubbardii
D. Kov.

th e  apex . T he ligules are  1.5— 2 m m  long, m ostly  sp lit b lu n tly , and  m em branous 
(P h o to g rap h  12).

T he panicles a re  1— 9 cm  longer, 3— 6 m m  w ide, co m p ac t, long-cy lindric­
al, lig h t green, often  w h ite , th e  rhach illas are  ex trem ely  sh o rt, o ften  ram ify ing  
(w ith  1— 5 branches) (P h o to g ra p h  13). T he sp ikelets a re  re c ta n g u la r, s tan d in g  
closely (P h o to g rap h s 13 an d  14), w ith o u t aw n th e y  are  2— 2.5 m m  long, 1 m m  
w ide, un iflo rous; th e  aw n is m ostly  1 m m  long. T he glum es a re  long, b lu n t, 
w ith  sh o rt aw n; th e  carin a  is densely  ciliate, o f pa le  co lour a long  th e  edge, 
pe llicu lar, tra n sp a re n t. T h e  in fe rio r glum e is 0.6 m m  w ide, a long  th e  edges 
w h ite , pellicu lar, m in u te ly  h a iry  in  th e  m em branous sides sp a rse ly  along th e  
edges, p rov ided  w ith  long cilias. T he superior glum e is 0.8 m m  w ide an d  sm ooth  
along th e  edges. The lem m as are  1.5— 2 m m  long, fine ly  to o th e d  a t  th e ir  tip
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Photograph 11. V egeta tive  sh o o t end , w ith  tub ero u sly  swollen in te rn o d e  p a r ts , o f Phleum
H ubbardii D. Kov.

(P h o to g rap h  15), th e  p a lea  are  1.5 m m  long ca rin a te ; th e  an th e rs  are  1.5— 1.8 
m m  long.

T he freq u en t occu rrence  o f th e  p resen t species in  H u n g a ry  is te s tified  
b y  th e  collection k e p t in  th e  H e rb a riu m  of th e  N a tu ra l  H is to ry  M useum  of 
B u d ap est. The p la n t is sp read  th ro u g h o u t th e  c o u n try  (J á v o r k a , 1925; 
Soó— J ávo rk a , 1951; S o ó — K á r p á t i , 1968; Soó, 1973), flow ering from  May 
to  Septem ber. In  x e ro th e rm  g rasslands i t  is an im p o r ta n t c o n s titu e n t o f short- 
grasses of hills and  p la in s  a n d  sh o rt rough  g rassland , on a w ide ran g e  of soil 
H u b b a r d , 1954, 1968; Cl a p h a m —T u t in — W a r b u r g , 1962). I t  is a w ide­
sp read  p lan t also in  E u ro p e  ( H e g i , 1927; N o r d e n s k iö l d , 1945; H u b b a r d , 
1954, 1968; H ess— L a n d o l t — H ir z e l , 1967).
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Photograph 12. T he b igger lea f  shea ths of P hleum  pratense  L. a n d  th e  sm aller leaf sh e a th s  o f 
P hleum  H ubbard ii D. K ov. w ith  th e ir  leaf b lades a n d  ligulas ( x 8 )

Series Pratenses D . K o v ., series nova

R h izo m atib u s b u lboso -incrassatis , pan icu lis an g uste  e longato-cylindric is, densis, si 
c u rv an tu r, non lo b atis . C arina  g lum arum  in  m ucronem  g lum a 2 —4-plo breviorem  ab iens.

The low erm ost, m o stly  u nderg round  in te rn o d es o f  th e  shoots are  tu b e r-  
ously th ick en ed . T h e  developed panicles are  e lo n g a ted  cylindrical, dense, 
rem ain ing  so w hen  b e n t;  do no t becom e lo b u la r. T he glum es are e longa ted  
(2— 4 m m  long), b lu n t , w ith  sh o rt awns.

To th is  series be long  th e  so fa r c larified  dip lo id  2n  =  14 Phleum H u b ­
bardii D. K ov . an d  th e  hexaplo id  2n =  42 P hleum  pratense  L.
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Photograph 13. The sp ikelets o f Phleum  H ubbardii D . K ov. on short rhach illa s , these  a re  fre ­
q u en tly  ram ify in g  ( X 20)

Com parison betw een  th e  tw o species

T he hexaplo id  P hleum  pratense  L. is a m ore ro b u st a n d  ta lle r  (70— 150 
cm ) p la n t th a n  th e  d ip lo id  Ph. H ubbardii D . K ov. I ts  fe r tile  shoots m ostly  
h a v e  few er nodes, 6— 8 (T able 1, G roup  B , 13); the  u p p e rm o st in te rn o d es  of 
th e  fe rtile  shoots, below' th e  panicle , a re  also m uch longer, 27— 36 cm , th a n  
in  th e  Ph. H ubbardii D . K ov . ( K o v á t s , 1976).

T he in n o v a tio n  o f th e  m u lti-sh o o ted  stocks of Ph. pratense  L. is in tra -  
v a g in a l, therefo re  it  is o f densely grow n branches and  does n o t grow  th ic k  
(P h o to g rap h s  8 and  16), m ostly  goes u p rig h t, rarely  gen icu la te , b u t does n o t 
lie o n to  th e  ground. T he shoots of Ph. H ubbard ii D. K ov. on  th e  o th e r h an d , 
a re  loosely grow ing th ic k , w ith  e x tra v a g in a l innovation  (P h o to g rap h s  7 an d  8), 
m o stly  geniculate, lie dow n th e  g round in  a u tu m n , thu s th e y  rep roduce  th e m ­
se lv es  v eg e ta tiv e ly  ( K o v á t s , 1976).
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Photograph 14. The b igger sp ikele ts of th e  h o lo ty p e  of D e  Ca nd o lle  P hleum  bertolonii an d  
th e  sm aller sp ikele ts o f th e  holo type of th e  d ip lo id  Phleum  H ubbardii D. K ov. ( x  28)

Photograph 15. An opened sp ik e le t of Phleum H ubbard ii D. K ov. in th e  m iddle th e  lem m as
and the  an th e rs  ( X 23)
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Photograph 16. T he in n o v a tio n  of h ex ap lo id  P hleum  pralense  L. is in tra v ag in a l (X 7 )

T he tu b ero u s g row th  o f th e  cu lm -p a rts  (especially  those  u n d er th e  g round) 
can  be observed  in  b o th  species (T able  1), these  are n o t d istingu ising  ch a ra c te rs . 
T herefo re , th e  tw o species can n o t be sep a ra te d  on th e  basis o f th ese  c h a ra c te rs , 
n o t  even in to  in fraspecific  ta x a  as can  be read  in  th e  w orks of th e  follow ing 
a u th o rs : V i s i a n i . 1842: D eaktn , 1854; H o o k e r —W a l k e r — A r n o t t , 1860; 
B o i s s i e r , 1881; F io ri , 1896—1908; A s c h e r s o n — G r a e b n e r , 1898— 1902; 
S c h in z — K e l l e r , 1900; B e n t h a m — H o o k e r , 1904; F io r i , 1923—25; J á v o r ­
k a , 1925; H e g i , 1927; H a y e k — Ma r k g r a f , 1932; K omarov , 1934; B o r d z i- 
l o w s k io — La v r e n k o , 1940; K l a p p , 1950; S o ó —J á v o r k a , 1951; D o s t á l , 
1954; R o th m al er , 1963; J o r d a n o v , 1963; S o ó — K á r p á t i , 1968; Sa v u l e s c u , 
1972; Soó, 1973). T he au th o rs  m en tio n ed  above consider th e  tu b ero u s, d ip lo id  
P h . H ubbardii D . K ov . o f sm aller b u ilt-u p  as a subspecies, v a r ie ty , or sy n o n y m  
o f th e  hexap lo id  P h. pratense  L. T u b e ro s ity  and  th e  sto lon iferous rh izom e does
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ex ist also in  th e  hexap lo id  Ph. pra tense  L ., only  p ro b ab ly  to  a sm aller e x te n t. 
T u b e ro s ity  is o f  a sm aller e x te n t, p rim arily  in  th e  u p p er nodes, th a n  in  P h. 
H ubbardii D. K o v ., w hich is especia lly  conspicuous in garden cond itions. T h e  
sam e refers to  th e  la te ra l shoots (KovÁTS, 1976).

I  have  n o t y e t m et v eg e ta tiv e  shoo ts in  Ph. pratense  L. A ccording to  m y  
o b se rv a tio n s so fa r , from  each o f th e  su rv iv in g  fe rtile  la te ra l shoo ts, pan ic led  
shoo ts develop, in  opposition  to  P h. H ubbardii D. K ov. w here (th e  d ifference 
is especially  conspicuous in g ard en  conditions) a b o u t a q u a r te r  o f th e  shoo ts 
is v e g e ta tiv e ; th e se  are  especially  re m a rk a b le  in  au tu m n , th e y  b end  dow n o n to  
th e  soil, th e ir  u p p e r  in ternodes a re  sh o rt an d  freq u en tly  develop th e  tu b e rs , 
w ith  green leaves (P h o to g rap h s 10 a n d  11).

T he lea f sh ea th s  of the  h ex ap lo id  Ph. pratense  L. (10—20 cm  long), an d  
its  le a f  b lades (12— 30 cm long a n d  6—9 m m  w ide), as well as its  ligu les 
(5— 6 m m  long) a re  of m uch g re a te r  size th a n  tho se  of Ph. H ubbardii D. K ov . 
(T able  1, G roup B , 14, 15, 16; P h o to g ra p h  12). T his difference in  size ex is ts  
also in  th e  flow ers; th e  panicles a re  6 —15 cm  long, 7— 10 m m  w ide, th e  spi- 
ke le ts are  3— 3.5 m m  long w ith o u t th e ir  aw ns; aw ns are  1— 2 m m  long (T able  1, 
G roup B, 17, 18, 19; P h o to g rap h  14). S im ilarly , th is  difference in  size is m a n i­
fest also in th e  ep iderm al s tru c tu re  o f  th e  tw o species (P h o to g rap h s 3— 6).

B y  co m p arin g  th e  19 se lec ted  ch a rac te rs  an d  organ sizes in  th e  tw o  
Phleum  species (T ab le  1, G roup B ), i t  can  he observed  th a t  th e re  are  d ifferences 
w ith  re sp ec t to  9 ch a rac te rs  (3— 11) w hile th e re  is ag reem ent w ith  re sp ec t to  
one o f th em  (in th e  th icken ing  o f  th e  low erm ost in ternodes). A m ong n ine  size 
ch a rac te rs  th e  n u m b e r o f nodes, th e  sizes of th e  organs of th e  h ex ap lo id  P h . 
pratense  L. are  m uch  larger, an d  th e  n u m b er of nodes in general is sm alle r 
(KovÁTS, 1976). Som etim es th e  h ig h es t sizes of ce rta in  organs of th e  d ip lo id  
P h. H ubbard ii D .K o v .  correspond to  one a n o th e r, o r th e y  a p p ro x im a te  to  
th e  low est sizes o f  th e  hexaploid  P h . pratense  L. (T able 1, G roup B).

T h e  P h. pra tense  L ., as a g a in s t to  Ph. H ubbardii D. K ov., is m o stly  f re ­
q u e n t in  m ezo therm  grasslands, w ater-m eadow s, and  o th e r low -lying g ra ss­
lan d s, fie ld  m arg in s , roadsides a n d  w aste  places ( B ent h a m— H o o k e r , 1904; 
B e w s , 1929; H u b b a r d , 1954, 1968; Claph am— T u t i n — W a r b u r g , 1959,1962). 
I t  is w idely  d is tr ib u te d  in  th e  w hole co u n try , and  flow ers from  M ay to  S ep tem ­
ber (J á v o r k a , 1925; Soó— J á v o r k a , 1951; S o ó —K á r p á t i , 1968; Soó, 1973). 
I ts  fre q u e n t o ccu rrence  in  H u n g a ry  is te s tified  b y  th e  collection o f  th e  H e rb a ­
riu m  in  th e  N a tu ra l  H isto ry  M useum  of B u d ap est. I t  is a w ide-spread  an d  
c u ltiv a te d  p lan t also in  E u ro p e  ( B e n t h a m — H o o ker , 1904; H e g i , 1927; 
K l a p p , 1950; H u b b a r d , 1954, 1968; H e s s — La n d o l t — H ir s e l , 1967; Má t h é —  
H e s z k y , 1972).
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S um m ary

T he diploid P h leum  has generally  been  m isiden tified  w ith  th e  ho lo types 
o f  L i n n a e u s  (1759) an d  D e Ca n d o l l e  (1813) b y  m ost o f th e  w orkers; only 
som e au tho rs p o in te d  o u t  its  ch a ra c te ris tic  fea tu res  (N o r d e n s k iö l d , 1945; 
H u b b a r d , 1954, 1968; Clapham— T u t i n — W a r b u r g , 1962; H e s s— L a n d o l t —  
H i r z e l , 1967; B o r , 1970). In  m ost o f th e  w orks th e  species ch a ra c te rs  are 
m isjudged  and i t  is n o t  th e  diploid Phleum  se p a ra te d  on th e  basis o f differencia 
specifica  w hich is described . In  fac t, th e  tw o ho lo types are  th e  hexap lo id  
P hleum  pratense L . T h e  a u th o r  has, th e re fo re , re in te rp re ted  th e  d ip lo id  Phleum  
species and  nam ed  it P hleum  H ubbardii D . K ov.

T h e  Ph. nodosum  ty p e  o f L i n n a e u s  (1759) ( th e  specim en collected  before 
th e  descrip tion) is an  underdeveloped , “ d e p a u p e ra te ”  Ph. pratense  L . specim en 
( H u b b a r d ’s perso n a l com m unication ); th is  is te s tif ie d  b y  its  sizes given b y  
H u b b a r d , especially  th e  sm all pan icle , a n d  th e  sho rtness of th e  cu lm . In  th e  
sam e w ay, H u b b a r d ’s s ta te m e n t t h a t  th is  ty p e  specim en is a hexap lo id  
P h . pratense  L. is co n firm ed  by  his d a ta  as w ell, i.e. th e  large size of th e  tu b e r, 
th e  le a f  b lade an d  o f th e  spikelets (T able  1, G roup A).

T he Ph. bertolonii ty p e  of D e Ca n d o l l e  (1813) w ith  its  g rea t sizes, is a 
h ex ap lo id  Ph. pratense  L . specim en (T able  1, G roup A, P h o to g rap h s 1 an d  3). 
A n excep tion  is th e  sh o r t  culm , especially  th e  b re v ity  of th e  u p p erm o st in ter- 
n o d e , w hich is a co n seq u en ce  of th e  b lu n t  g row th .

T he th ick en in g  o f  th e  low erm ost in te rn o d es , th e  elongated  cy lind rica l 
fo rm  o f th e  panicles, w h ich  rem ains cy lin d rica l even a fte r  bend ing , a re  c h a r­
a c te rs  ex isting  in b o th  th e  diploid P h. H ubbard ii D . K ov . and  th e  hexap lo id  
P h. pratense  L. T h e  tw o  species d iscussed  so fa r  co n s titu te  an ev o lu tio n ary  
line , th e  Series Pratenses  D . K ov., series no v a .

T h e  dip lo id  P h . H ubbardii D. K o v . an d  th e  hexap lo id  Ph. pratense  L. 
species have  been co m p ared  in d ep en d en t o f  th e  ty p es. T he tw o species differ 
fro m  each o th e r n o t o n ly  in  th e ir  o rgan  sizes (T able  1, G roup B, P h o to g rap h s 
1— 6, 12 and  14), g ro w th  and  v eg e ta tiv e  d is tr ib u tio n  ( K ováts , 1976), b u t  also 
in  th e ir  in n ova tions. T h e  Ph. H ubbardii D . K ov . is o f loose tu f t ,  grow ing th ick , 
its  in n o v a tio n  e x tra v a g in a l (P h o to g rap h s 7 an d  8), w hereas th e  Ph. pratense  L. 
is o f  dense tu f t ,  w ith  i ts  stocks grow ing n o t  th ick , an d  its  in n o v a tio n  in tra -  
v a g in a l (P h o to g rap h s 8 an d  16).

In  m ezophy tic  grasses, in general, so also in  th e  Phleum  species, each of 
th e  la te ra l shoot is tran sfo rm ed  in to  m a tu re  stem . T he larg est p a r t  o f th e  
P h . H ubbardii D . K o v . stocks (in genera l, th re e  q u a rte rs  o f th e  w hole) are 
fe rtile , bearing  pan ic les; only a sm all p a r t  ( th e  rem ain ing  1/4) consists o f vege­
ta t iv e  shoots, w hile in  P h. pratense L . I  h a v e  for th e  tim e  being observed  only 
fe rtile  shoots and  h a v e  n o t  y e t seen v e g e ta tiv e  shoots in  it.
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ECOLOGICAL INVESTIGATIONS ON THE ALGAL 
COMMUNITIES IN THE CATCHMENT AREA OF 

RIVER ZALA. I

By

J .  N é m e t h 1 a n d  E .  V i z k e l e t y 2

1 RESEARCH CEN TRE FOR W A TER RESOURCES D E 7 EL 0 ? ÆSNT, IN ST ITU TE OF HYDROLOGY,
BUDAPEST

2 W EST-TRANSDANUBIA D ISTRICT W ATER AUTHORITY, SZOMBATHELY 

(R eceived: J a n u a ry  20, 1977)

The p h y to p la n k to n  of th e  r iv e r Z ala was exam ined from  q u a lita tiv e  an d  q u a n ti­
ta tiv e  v iew points in  th e  y ears  be tw een  1972 and  1976. In  th e  course of th e  deta iled  
taxonom ical analysis o f th e  p h y to p la n k to n  191 ta x a  were d e te rm in ed  (C yanophyta  11, 
Euglenophyta  8, Xanthophyceae  1, Chrysophyceae 2, Bacillariophyceae  125, Cryptophyceae 1, 
Volvocales 3, Chlorococcales 37, D esm idiales  3). The tax o n  n u m b er re la ted  to  th e  whole 
period of in v estiga tions w as s tud ied . T he num ber of ta x a  increased  along th e  riv er 
to w ard  th e  m ou th . The ta x o n  n u m b er o f d iatom s was th e  h ig h est in all s ta tio n s . The 
num ber of Chlorococcales ta x a  increased  dow n th e  river an d  th e  ta x o n  n u m b er ra tio  of 
Chlorococcales : Bacillariophyceae , as well. In  th e  course of th e  q u a n ti ta t iv e  ex am in atio n  
of th e  p h y to p la n k to n , its percen tag e  com position  and d iv ers ity  as well as th e  to ta l  algal 
counts and th e  q u a n tity  of ch lorophyll-a  in  th e  volum e of a u n i t  of w a ter was de term ined . 
Chrysophyta., w hich characterizes th e  p h y to p la n k to n  an d  w ith in  i t  p rim arily  the  
dom inance of d ia tom s, decreased  in  th e  direction] of th e  Z ala  m o u th . The va lues of 
b o th  th e  p a ram ete rs  o f d iv ers ity  an d  th e  degree of eu tro p h ica tio n  increased  in  th e  di­
rection  of flow  an d  reach  in  general th e ir  m ax im um  value  in  th e  region of th e  m outh .

All these  changes can be re la te d  to th e  considerable loads of p la n t  n u trie n ts  
m ain ly  a t th e  riv er reach  below  Z alaegerszeg and to  th e  decrease  in  th e  flow  velocity  
th ere .

In tro d u c tio n

T he river Zala occupies an o u ts ta n d in g  position  am ong  th e  w a te r  courses 
flow ing  in to  Lake B a la to n , w ith  reg a rd  to  e ith er its  d ischarge or its  being  loaded 
w ith  p la n t n u tr ie n ts . T he Z ala prov ides 3 0 —60%  of th e  su rface  ru n  off flow ing 
in to  L ake B a la to n ; i t  also prov ides a p p ro x im a te ly  th e  20— 50%  o f phosphorus 
an d  th e  30—40%  of n itro g en , t ra n sp o r te d  by  th e  w a te r  stream s flow ing  in to  
th e  lake . T he riv e r d irec tly  exerts  its  effect in  th e  so u th -w este rn  basin  o f th e  
lak e , f ir s t  of all in  th e  K esz th e ly  B ay . I t  has a decisive ro le in  th e  s ilting  up of 
th e  b a y  and  in  its  increasing  eu tro p h ica tio n .

D espite  th e  key ro le o f th e  Z ala  in  th e  fo rm ation  of th e  w a te r  q u a lity  
o f  th e  B ala ton , th e re  are  only few p u b lica tions dealing  w ith  th e  r iv e r  from  
hydrob io log ica l and  w aterchem ica l v iew poin ts. A lgological d a ta  w ere pub lished  
b y  F ran cé  (1897) and  T amás  (1971) based  on ex am in a tio n s  o f th e  low er 
sec tion  of th e  Z a la ; and  on th o se  a t  severa l po in ts of th e  r iv e r  by  U h e r k o v i c h
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(1975). E ntz (1959) m a in ly  an a lysed  th e inorganic ion -com p osition  o f  th e w ater  
on  th e  lower reach o f  th e  river.

W ater chem ical in v e s tig a tio n s , carried  o u t since th e  beg inn ing  of th e  70s, 
c la rified  — am ong o th e r  re su lts  — th e  ro le of th e  riv e r in  th e  tu rn o v e r o f  
n u tr ie n ts  in th e  lake  a n d  th e  effect o f w aste , p rim arily  o f  in d u str ia l origin, 
flo w in g  in to  it  in  th e  reg ion  o f Zalaegerszeg (Tóth e t a l., 1975; T óth , 1976).

T he system atic  h y d ro b io lo g ica l ex am in a tio n  o f th e  r iv e r  Zala and  its  
tr ib u ta r ie s  began in 1970, in  th e  lab o ra to ry  o f th e  W est-T ran sd an u b ia  D istric t 
W a te r  A u th o rity . B e tw een  1970 and  1972, saprob io log ical exam ina tions w ere 
m a d e ; in  the  years b e tw een  1972 and  1976, th e  in v es tig a tio n s  w ere ex ten d ed  
to  m easuring  o th e r p a ra m e te rs  (to ta l algal co u n ts , ch lo rophy ll-a) o f th e  b io log­
ica l q u a lity  of w a te r  (V i z k e l e t y , 1973; V i z k e l e t y  an d  L e n t i , 1976). In  th a t  
p e rio d  th e  fu n d am en ta l q u a lita tiv e  exp lo ra tio n  of th e  p h y to p la n k to n  of th e  
r iv e r  w as also carried  o u t .

In  our p resen t s tu d y , w e in v estig a ted  th e  changes in  p h y to p la n k to n  
com position  a t four c h a ra c te r is tic  po in ts o f  th e  Z ala , in  1973 an d  1975. In  th e  
co u rse  of tax o n o m ica l d a ta  processing, w hich  ren d ered  th e  foundations o f 
q u a n ti ta t iv e  e x am in a tio n s , w e took  in to  considera tion  th e  d a ta  of also o th e r 
sites an d  tim es o f  sam p lin g .

M ateria l and m ethod

The sam pling sites (F ig . 1) a n d  th e  sam pling tim es are sum m arized  in  Table 1. In  o rder 
to  en su re  the  accu rate  m easu rin g  of th e  d ischarge, sim u ltan eo u sly  w ith  th e  sam pling, th e  
sam p lin g  site from  F e n é k p u sz ta  was tran s lo ca ted  in to  th e  hydro log ical m easuring  section b u ilt 
a t  345 m  above th e  r iv e r m o u th  in 1974. The ex am in atio n s , m ade s im u ltan eo u s ly  a t  th e  tw o 
p o in ts , d id  no t show sig n ific a n t d ev ia tio n s in  the  m easu red  w ater-ch em ica l and  hydrobiological 
p a ram e te rs , therefore th e y  a re  m ark e d  w ith  one sym bol (F ) an d  e v a lu a te d  jo in tly . W ith  regard  
to  th e  sam ples from  w hich  q u a n ti ta t iv e  analyses w ere also m ade th e re  is an  asterisk  a t  th e  
sam p lin g  tim e in  T able  1.

F o r the  tax o n o m ica l ana ly sis  of th e  p h y to p la n k to n , b o th  sp o t sam ples and filte red  
( th ro u g h  p lank ton  n e t N o. 25.) ones were used. The m icroscopical ex am in a tio n  of th e  sam ples 
w as m ad e  on living, c e n trifu g e d  m ate ria l and on fixed , sed im en ta ted  one as well; m ostly  w ith  
p h ase  c o n tra s t m ethod , by  m ean s o f A m plival (Zeiss) an d  P e ra v a l-In te rp h ak o  (Zeiss) m icro­
scopes. The conservation  o f th e  p h y to p la n k to n  was carried  o u t by  L ugol’s so lu tion  con tain ing  
a c e ta te  and after i t  b y  fo rm alin . T he d iatom s were exam in ed  from  m ate ria ls  destru c ted  by  
su lp h u ric  acid, in p re p a ra tio n s  em bed d ed  in C anada b a lsam  or S ty rax . Scaled draw ings an d  
m icroscopic  p h o to g rap h s w ere  ta k e n  of th e  g rea t m a jo r ity  of th e  algae observed during  the  
an a ly sis . The works o f B r u n n t h a l e r  (1915), Cl e v e -E u l e r  (1951 — 1955), F elfö ld y  (1972), 
F ő tt  (1971), Go jd ic s  (1953), H ortobágyi (1973), H u b e r -P estalozzi (1955), H u st ed t  
(1930), P ascher (1927), Sta rm a ch  (1966). and of U h er k o v ic h  (1966) form ed the  basis of th e  
d e te rm in a tio n .

The total algal counts were determined in fixed samples previously described. The 
algae was densed on SARTORIUS-Membranfilters of 0.45 [Л pore diameter; after drying it was 
made transparent by means o f  Cellosolv (F e l fö ld y , 1974).

The q u a n tity  o f ch lo ro p h y ll-a  con ta ined  in  a u n it  of w a te r  vo lum e w as determ ined  from  
sp o t sam ples, after th e  h o t  m e th a n o l ex tractio n  of th e  m ate ria l densified  on  m em brán  filte rs , 
ph o to m etrica lly , using  a S peko l p h o to m e ter (F e l f ö l d y , 1974).

The d iversity  in d ex  a n d  eq u ita b ility  were calcu la ted  on th e  basis o f th e  following eq u a ­
tio n s  (Shannon  and  W e a v e r , 1963; E d d e n , 1971; Cl if f o r d  and  St e p h e n s o n , 1975).

H n,
\
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here

H "  is th e  Sh a n n o n —W ea v er  d iv e rs ity ,
s is th e  nu m b er o f ta x a  occurring  in  th e  sam ple,
ni is th e  n u m b er o f ind iv iduals be long ing  to  th e  i-th  tax o n ,
JV is th e  to ta l  n u m b er o f ind iv iduals ,

T able  1

Localities and tim es o f  sam pling

Locality Symbol
R iver

s ta tio n  (km) Time

O riszentpéter ő 115.350 1972. IX . 11.
1973. V. 2.* 

V. 5.
IX . 17.
X . 24.

1974. V I. 25.
1975. IV. 7.* 

V II. 28.* 
X . 28.*

A ndráshida A 81.960 1973. V. 2.* 
V. 5.
IX . 17.*

1974. V I. 25.
1975. IV. 7.* 

V II. 28.*
X . 28.*

Pókaszepetk P 63.300 1976. V. 16.

Z alaapáti Z 22.810 1972. V. 26. 
X . 16.

1973. V. 7.*
IX .  19.*
X . 24.

1974. V I. 25.
1975. IV. 8.*

V II.  28.*
V III .  25. 
X . 29.*

F enékpuszta F 0.000

0.345

1972. V. 26. 
X . 16.

1973. V. 7.*
IX .  21.*
X . 24.

1974. V I. 25.
1975. IV. 8.*

V II.  29.*
V III .  25. 
X . 29.*

1976. I I I .  15. 
V II. 5. 
X . 4.

* Quantitative analyses .
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J  =
H "

loft2 s

w here

J  is th e  e q u ita b ili ty ,
H "  is the  Sh a n n o n  —W ea v er  d iv ers ity , 
s is the  n u m b er o f ta x a  occurring in  th e  sam ple.

W e presented  d iv e rs ity , log2s, e q u ita b ili ty  a n d  nu m b er of ta x a  to g e th e r, according to  
H a jd u ’s m ethod (1976).

------ limit of the catchment areo
?  = stations 
ö = öriszentpéter 
A = Andráshida 
Z = Zalaapdti 
F = Fenékpuszta

Fig. 1. М ар of th e  Zala R iv er w ith  locations o f sam p lin g
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R esu lts and discussion

E num eration  o f  taxa exam ined

CYANOPHYTA

C h r o o c o c c a l e s

1. M icrocystis aeruginosa  K ütz .
D iam eter o f cells: 3.0 — 5.0 //.
F : 1975. IY. 8., V II . 29.

H o r m o g o n a l e s

2. A phanizom enon flos-aquae (L .) R a l f s  
F: 1972. V. 26. '

3. Lyngbya epiphytica  H ie r o n .
Ő: 1975. X . 28.
Z: 1975. V II. 28.

4. Lyngbya lim netica  L em m .
Z: 1972. V. 26., 1975. X . 29.

5. Oscillatoria lim netica  L em m .
W id th  of trich o m es: 1.5 — 2.0 p . L en g th  
of cells: 5.0 p.
F: 1972. X . 16.

6. Oscillatoria lim osa  A G .
W id th  of trichom es: 12.5 — 22.5 p . L en g th  
of cells: 2.0 — 7.0 p.
Ő: 1973. IX . 17., 1975. IV . 7.
F : 1972. V. 26., 1975. IV . 8.

7. Oscillatoria p lanctonica  W ol.
W id th  of trich o m es: 2.0 — 2.5 p . L en g th  
of cells: 2.5 — 3.0 p.
Ő: 1975. X . 28.
Z: 1975. X . 29.
F: 1975. V II. 29.

8. Oscillatoria raciborskii W o l .
W id th  of trich o m es: 8.0 p . L en g th  of 
cells: 2.5 p.
Z: 1972. V. 26.

9. Oscillatoria sancta  (K ütz.) G om .
W id th  of trich o m es : 15.0 p . L en g th  of 
cells: 2.5 — 3.8 p .
Z: 1972. V. 26.

10. Oscillatoria ten u is  A g .
W id th  of tr ich o m es : 7.5 —12.5 p . L e n g th  
of cells: 1.8 — 5.0 p .
Ő: 1973. IX . 17.. 1975. IV. 7.
Z: 1972. V. 26.
F : 1972. V. 26., 1973. IX . 21.

11. Romeria elegáns (K o czw .) W o l . 
D im ensions o f cells: 4.0 X 1.5 p.
A: 1973. IX . 17.

EUGLENOPHYTA

E u g l e n a l e s

12. Euglena acus E h r .
D im ensions o f cells: 130 — 1 3 2 .5 x  10.0 — 
12.0 p. P a ra m y lu m : rodlike b o d ies , com ­
m only ten , 8.5 — 14.0 X 2.0 — 3.0 p  in  size.

A: 1973. V. 5.
Z: 1975. V II . 28.
F : 1972. X . 16., 1975. V II. 29.

13. Euglena tripteris  (D u j.)  K lehs 
F : 1975. V II. 29.

14. Phacus caudatus HÜBN.
F : 1973. IX . 21.

15. Phacus longicauda  (E h r .) D u j .
Z: 1973. IX . 19.
F : 1972. V. 26.

16. Phacus p y ru m  (E h r .) St e in  
D im ension of cell: 3 0 .0 x 1 5 .0  p.
F: 1973. V. 7.

17. Phacus tortus (L em m .) Sk v .
F : 1975. V II . 29.

18. Trachelomonas s im ilis  Stokes 
D im ensions o f lorica  w ith  th e  cu rv ed  
collar: 30.0 — 3 1 .0 x 1 7 .0  —19.0 p. D iam ­
eter of pore: 2.0 p.
F: 1972. X . 16.

19. Trachelomonas volvocina E h r .
A: 1973. IX . 17.
Z: 1973. V. 7., 1975. X . 29.
F : 1973. IX . 21., 1975. X . 29.

C H R Y SO PH Y TA

X a n t h o p h y c e a e

20. P lanctonema lauterbornii Sch m id le  
F : 1975. X . 29.

C h r y s o p h y c e a e

21. A nthophysa  vegetans (O .F .M .) St e in
Ő: 1972. IX . 11., 1973. V. 2., V. 5., IX .

17., X . 24., 1974. V I. 25., 1975. IV. 7., 
V II . 28., X . 28.

A: 1973. V. 5., IX . 17., 1974. V I. 25., 
1975. IV . 7„  V II . 28.

P : 1976. V I. 16.
Z: 1972. V. 26., X . 16., 1973. V. 7., IX .

19., X . 24., 1974. V I. 25., 1975. IV. 8., 
V II . 28., V I I I .  25., X . 29.

F : 1972. V. 26., X . 16.. 1973. V. 7., IX .
21., X . 24., 1974. V I. 25., 1975. IV. 8., 
V II . 29., V I I I .  25., X . 29.

22. D inobryon divergens I m h o f  
Ő: 1975. IV . 7.
F : 1975. V II . 29.

B a c i l l a r i o p h y c e a e

C e n t r a l e s

23. Cyclolella bodanica E u l e n s t .
Z: 1975. V II . 28.

24. Cyclotella comla (E h r .) K ü tz . 
D iam eter o f v a lv e : 22.0 — 23.0 p.
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P : 1976. VI. 16.
Z: 1973. V. 7.
F : 1972. X . 16., 1973. X . 24.

25. Cyclotella glomerata B a c h m .
D iam eter of v a lv e : 10.0 fi. S triae :
10/10 fi .
A: 1973. V. 2.
Z: 1973. V. 7.
F :  1973. V. 7., IX . 21.

26. Cyclotella m eneghiniana  KÜTZ. (F ig .
1 7  2)
D iam eter of valve: 13.0 — 30.0 f l .  S triae :
9 - 1 0 /1 0  fi.
Ő: 1973. V. 2.
Z: 1973. V. 7.. 1975. V II . 28., X . 29.
F : 1972. V. 26., 1973. V. 7., IX . 21.,

1974. VI. 25., 1975. IV . 8., V II . 29., 
1976. V II. 5.

27. Cyclotella ocellata P a n t .
D iam eter of valve: 19.0 — 22.5 fl. S tr iae : 
9 - 1 0 /1 0  fi.
Ő: 1973. V. 2.
A : 1973. IX . 17., 1975. V II . 28., X . 28. 
Z: 1973. IX . 19., 1975. X . 29.
F : 1973. V. 7., IX . 21.

28. M elosira granulala  (E h r .) R alfs 
A : 1973. IX . 17., 1974. V I. 25.
Z: 1973. X. 24., 1974. V I. 25., 1975. V II.

28., X . 29.
F : 1972. X . 16., 1973. V . 7., 1974. V I. 25.

29. M elosira granulata (E h r .) R alfs 
v a r . anguslissima  MÜLL.
D iam e ter of valve: 4.0 — 4.5 ft. L en g th :
22.5 ft.
Ő: 1974. VI. 25.
A : 1975. X . 28.
Z: 1972. X. 16.. 1975. X . 29.
F : 1973. V. 7., X . 24.

30. M elosira granulata  (E h r .) R alfs
v a r . angustissima  MÜLL. f. sp iralis MÜLL. 
D iam eter of valve: 4.0 fi.
Z: 1975. X . 29.
F : 1975. V II. 29.

31. M elosira italica (E h r .) KÜTZ.
Z: 1975. V II. 28.
F : 1973. IX . 21., 1975. V II .  29.

32. M elosira islandica O. MÜLL, 
ssp. helvetica 0 .  MÜLL.
D iam e te r of valve: 5.0 fi. L eng th : 5.5 fi. 
A : 1973. V. 2., IX . 17.
F :  1973. IX . 21.

33. M elosira variáns C.A. A g .
D iam e te r of valve: 15.0 — 29.0 (i.
Ő: 1973. X . 24., 1974. V I. 25., 1975. V II.

28., X . 28.
A : 1974. V I. 25., 1975. V I I .  28., X . 28.
Z: 1972. V. 26., X . 16., 1974. V I. 25.,

1975. V II. 28., X . 29.
F : 1973. V. 7., IX . 21., 1974. V I. 25., 

1975. V II. 29.
34. Stephanodiscus hantzschii G r i n . 

D iam e te r of valve: 17.5 fi.
Z: 1973. V. 7., X . 24., 1975. V I I I .  25.

P e n n a l e s

35. Achnanthes gibberula  G r u n .
Z: 1973. V. 7.

36. Achnanthes lanceolata B r é b .
L eng th : 20.0 — 21.0 fi. W id th : 5.5 —7.5 fi. 
S triae : 13/10 fi.
Ő: 1973. V. 2., 1975. V II . 28.
A: 1973. V. 5., IX . 17.
Z: 1972. V. 26., 1973. V. 7., IX . 19., X .

24.
F : 1973. V. 7., 1975. IV. 8., V II . 29., X .

29., 1976. I I I .  15.
37. Achnanthes lanceolata B r é b . 

var. rostrata H ú st .
Z: 1972. V. 26., 1973. X . 24.

38. Achnanthes m in u tiss im a  KÜTZ.
L eng th : 12.5 fi. W id th : 2.5 fi.
Ő: 1973. V. 5., X . 24., 1975. IV. 7.
Z: 1973. V. 7., X . 24.
F : 1973. V. 7.

39. A m phora ovális KÜTZ.
L eng th : 37.5 — 38.0 fi. W id th : 17.0 —
18.8 ft.
Ő: 1973. X . 24.
A: 1975. IV . 7., X . 28.
P : 1976. V I. 16.
F : 1972. V. 26., 1974. V I. 25.

40. Anomoeoneis sphaerophora (KÜTZ.) P fit z . 
F : 1973. X . 24.

41. Aslerionella form osa  H a s s .
L eng th : 47.5 fi. W id th : 3.0 ft.
Z: 1975. X . 29.
F : 1972. X . 16., 1975. X . 29.

42. Caloneis am phisbaena  (B o r y ) Cl e v e  
( f 'g -  ?)
L ength : 69.0 — 80.0 ft. W id th : 24.0 —
30.0 fi. S triae : 14 — 16/10 fi.
Ő: 1974. V I. 25.
A: 1973. V. 5., 1975. X . 28.
Z: 1972. X . 16.
F: 1976. I I I .  15.

43. Caloneis bacillum  (G r u n .) M e r e s c h k . 
L eng th : 24.0 fi. W id th : 6.0 fi. S triae:
22/10 fi.
Ő: 1973. V. 5.

44. Caloneis silicula  ( E h r .) Cl e v e  (Fig. 6) 
L eng th : 57.7 — 68.0 fi. W id th : 14.0 —
15.0 p . S triae : 16 —18/10 p.
Z: 1972. X . 16.
F : 1973. V. 7., 1976. I I I .  15.

45. Ceratoneis arcus KÜTZ.
L eng th : 47.5 p. W id th : 7.0 fi.
Ő: 1973. V. 5.

46. Cocconeis ped icu lus  E h r .
L eng th : 26.5 — 50.0 p . W id th : 17.5 —
36.0 fi.
A: 1973. V. 5.
Z: 1972. V. 26., 1973. X . 24.
F : 1973. IX . 21., X . 24.

47. Cocconeis placentula  E h r .
L eng th : 25.0 — 32.5 p. W id th : 15.0 — 
22.5 p .
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Ő: 1973. У. 5.
A: 1975. V II . 28.. X . 28.
Z: 1972. У. 26., X . 16., 1973. V . 7., IX .

19., X . 24., 1974. V I. 25., 1975. V II. 
28.

F : 1972. V. 26., X . 16., 1973. V. 7., IX .
21., 1975. IV . 8., V II . 29.

48. Cocconeis p lacentula  E h r . 
v a r .  euglypta ( E h r .) Cl e v e
L eng th : 2 6 .0—40.0 p . W id th : 16.0 —
25.0 p. P u n c tae : 14/10 p.
Z: 1972. V. 26., 1975. V I I I .  25.

49. Cymatopleura elliptica  (B r é b .) W . S m it h  
v a r .  nobilis ( H a n t z s c h ) H ú s t .
A: 1975. V II . 28.

50. Cymatopleura solea (B r é b .) W . S m it h  
L eng th : 90.0 —156 p . W id th : 22.5 —
42.0 p. Costae: 7 — 8/10 p.
Ő: 1973. V. 5., 1974. V I. 25.
A: 1973. V. 5., 1974. V I. 25.
Z: 1975. V II . 28., X . 29.
F : 1972. V. 26., 1973. V. 7., X . 24., 1974. 

V I. 25., 1975. V II . 29., 1976. I I I .  15.
51. Cymatopleura solea (B r é b .) W . S m it h  

v a r .  regula ( E h r .) G r u n .
L eng th : 34.0 p . W id th : 9.0 p . Costae: 
7/10 p.

Ő : 1973. V. 5.
F : 1972. X . 16.

52. Cvmbella cistula  ( H e m p r .) G r u n .
F": 1972. X . 16.

53. Cymbella delicatula  K Ü t z .
L eng th : 21.0 p . W id th : 5.0 p . S triae :
16/10 p.
Ő: 1972. IX . 11.

54. Cymbella lanceolata ( E h r .) v . I I e u r c k  
L eng th : 144 —175 p . W id th : 25.6 — 44 .0 /î . 
F : 1972. V. 26., 1975. IV. 8.

55. Cymbella naviculiform is  A u e r s w . 
L eng th : 35.0 p . W id th : 10.0 p . S triae:
16/10 p.
Ő: 1973. V. 2., V . 5

56. Cymbella prostrata  (B e r k .) Cl e v e  
L en g th : 22.5 — 85.0 p . W id th : 17.5 —
30.0 p. S triae : 10/10 p.
A: 1973. V. 5., IX . 17., 1975. IV . 7., 

X . 28.
Z: 1973. V. 7., IX . 19., X . 24., 1974.

V I. 25., 1975. IV . 8., V II . 28.
F : 1975. IV. 8.

57. Cymbella sin u a ta  G r e g .
Z: 1975. V II . 28.

58. Cymbella ventricosa  KÜTZ.
L eng th : 22.0 — 30.0 p . W id th : 6 . 0 -
10.0 p. S triae : 12 —13/10 p.
Ő: 1972. IX . 11., 1975. V II. 28., X . 28. 
A: 1973. V. 5., 1975. IV. 7., V II . 28., 

X  28
Z: 1972. V. 26., 1973. IX . 19.
F : 1972. X . 16., 1973. IX . 21.

59. Diatoma elongatum  A g .
L eng th : 77.5 p . W id th : 5.0 p . Costae: 
7/10 p.

Z: 1975. X . 29.
F : 1975. IV. 8.

60. D iatom a vulgare B o r y
L en g th : 47.5 p . W id th : 12.5 p. Costae: 
7/10 p.
F : 1972. V. 26., X . 16.

61. D iploneis ovális ( H il s e ) Cl e v e  
Z: 1972. V. 26.

62. E pithem ia  sorex K ü rz .
L en g th : 24.0 — 30.0 p . W id th : 9 .0 — 10.0//. 
A reolae: 14/10 p .
F: 1973. V. 7.

63. E pithem ia  zebra ( E h r .) K Ü t z . 
v a r .  porcellus (K Ü t z .) G r u n .
L eng th : 43.8 p. W id th : 10.0 p.
F : 1973. V. 7.

64. E unolia  lunaris  ( E h r .) G r u n .
L en g th : 57.5 p . W id th : 5.0 p.
F : 1973. V. 7.

65. Fragilaria capucina  D e s m .
L en g th : 37.5 p . W id th : 5.0 p.
Ő: 1975. IV. 7.
A: 1973. V. 5.
F : 1972. V. 26., 1974. V I. 25., 1975. IV . 8.

66. F ragilaria construens (E h r .) G r u n . 
L en g th : 31.0 p . W id th : 7.0 — 13.0 p . 
S triae : 14/10 p.
A: 1975. IV. 7.
F : 1972. X . 16., 1973. X . 24., 1975. V II. 29.

67. F ragilaria crotonensis K it t o n  
L en g th : 150 p . W id th : 7.5 p.
F : 1973. V. 7.

68. Gomphonema acum inatum  E h r .
Ő: 1975. V II. 28.

69. Gomphonema acum inatum  E h r . 
v a r. coronata ( E h r .) W . Sm it h  
L eng th : 50.0 — 84.0 p . W id th : 13.0 —
22.5 p. S triae : 6 — 7/10 p.
Ő: 1973. V. 5., 1975. V II. 28.
A: 1975. X . 28.
Z: 1972. V. 26.
F : 1972. X . 16.

70. Gomphonema angustalum  (KÜTZ.) 
R a b e n h .
v a r .  producta  G r u n .
L en g th : 22.5 — 31.0 p. W id th : 5.5 — 8.0 p . 
S triae : 10/10 p.
Ő: 1973. V. 5., 1975. V II. 28.
A: 1975. V II. 28.
F : 1974. V I. 25., 1975. V II. 29.

71. Gomphonema augur E h r .
L en g th : 30.0 p . W id th : 15.0 p.
A: 1973. V. 2., IX . 17.
Z: 1975. V II. 28.
F : 1973. IX . 21., 1974. V I. 25., 1975. 

V II. 29.
72. Gomphonema constrictum  E h r .

L en g th : 30.0 — 55.0 p . W id th : 12.0 —
20.0 p . S triae : 8 —10/10 p.
Ő: 1973. V. 5., IX . 17., X . 24., 1975. 

V II . 28.
A : 1973. IX . 17., 1974. V I. 25., 1975. 

X . 28.
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P late I .  1 — 2: Cyclotella m eneghiniana  KÜTZ; 3 —4: Nitzschia am phib ia  Gr u n .; 5: N avicula  
gracilis  E h r .; 6: Caloneis silicu la  (E h r .) Cl e v e ; 7: Caloneis am phisbaena  (B o ry ) Cleve  

8: Rhopalodia  g ibba (E h r .) О. Mü l l .; 9: Gomphonema olivaceum  (L y n g b .) K ü tz .
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Z: 1972. y .  26., 1973. X. 24., 1975. V II. 
28.

F : 1972. V. 26., 1973. IX . 21., 1975. 
IV . 8„ V II. 29.

73. Gomphonema in tricatum  KÜTZ.
Ő: 1973. V. 2.

74. Gomphonema in tricatum  KÜTZ. 
v a r .  vibrio ( E h r .) C l e v e
F : 1975. V II . 29.

75. Gomphonema olivaceum  (L y n g b .) K ü t z . 
(F ig . 9)
L en g th : 23.4 — 35.0 ft. W id th : 7.4 — 10.0 II. 
S triae : 10 —12/10 p.
Ő: 1973. V. 5.
A: 1973. IX . 17., 1975. V II. 28.
Z: 1972. V. 26.. 1973. V. 7., IX . 19., 

1975. IV. 8.
F : 1973. V. 7., IX . 21., X . 24., 1975. 

IV. 8„  V II. 29., 1976. I I I .  15.
76. Gomphonema p a rvu lum  K ü t z .

L en g th : 17.0—25.0 il. W id th : 5.0 —
10.0 il. S triae : 12 —16/10 //.
Ő: 1972. IX . 11., 1973. IX . 17., X . 24., 

1975. IV. 7., X . 28.
A: 1975. X . 28.
Z: 1973. IX . 19.
F : 1976. I I I .  15.

77. Gyrosigma acum inatum  (K ütz.) R a b e n h . 
L en g th : 110 —115 // . W id th : 15.0 p.
Ő: 1973. X . 24.
Z: 1972. V. 26.

78. Gyrosigma attenuatum  (K ütz .) R a b e n h . 
L eng th : 2 2 2 - 3 3 0  p . W id th : 2 5 .0 -2 7 .5  p. 
Ő: 1973. V. 5.
Z: 1973. X . 24., 1975. IV. 8.
F : 1972. V. 26., 1973. X . 24.

79. Gyrosigma scalproides (R a b e n h .) Cl e v e  
L en g th : 47.5 p. W id th : 10.0 p.
Ő: 1975. V II. 28.
A: 1975. V II. 28., X . 28.
Z: 1972. X . 16., 1973. IX . 19., 1975. 

X . 29.
F : 1975. IV. 8.

80. H antzschia am phioxys  (E h r  ) G r u n . 
L en g th : 35.0 — 37.5 p. W id th : 7.5 p. 
K eel p u n c tae : 8/10 p.
Ő: 1975. IV. 7., X . 28.
A: 1973. V. 5., 1974 .V I. 25., 1975.V II . 28. 
Z: 1972. V. 26., 1973. X . 24.
F : 1975. V I I I .  25.

81. Mas'.ogloia sm ith ii T h w a it .
L en g th : 62.5 p . W id th : 13.7 p.
Z: 1972. V. 26.

82. M érid ien  circulare Ag .
L en g th : 2 7 .5 -3 3 .0  p. W id th : 6 .5 -1 2 .5  
p . S triae : 13 — 15/10 p.
Ő: 1975. IV. 7.
A: 1973. V. 2., 1975. IV. 7.
Z: 1973. V. 7.
F : 1973. V. 7.. 1976. I I I .  15.

83. N avicu la  cryptocephala  K ü t z .
L en g th : 25.0 — 57.5 p. W id th : 8.0 —
15.0 p.

Ő: 1972. IX . I L ,  1973. V. 2., V. 5., 1975.
IV. 7., V II . 28., X . 28.

A: 1973. V. 2., V. 5., IX . 17., 1974. V I.
25., 1975. IV. 7., V II. 28., X . 28.

Z: 1972. V. 26., X . 16., 1973. V. 7., 
IX . 19., X . 24., 1974. V I. 25., 1975. 
V IL  28., V II I .  25.. X . 29.

F : 1972. V. 26., X . 16., 1973. V. 7., IX .
21., 1975. IV. 8.

84. N avicula  cryptocephala KÜTZ. 
va r. veneta  (K ü tz .) Gr u n .
Ő: 1973. V. 2.
Z: 1973. IX . 19.
F : 1973. IX . 21.

85. N avicula cuspidata  K ütz.
L en g th : 27.5 p . W id th : 12.5 p . S triae : 
13/10 p.
A: 1975. V II . 28.
Z: 1972. V. 26., X . 16.
F : 1972. V. 26.

86. N avicu la  dicephala  (E h r .) W . Sm ith  
F : 1973. X . 24.

87. N avicu la  gastrum  E h r .
L en g th : 32.0 p. W id th : 15.0 p 
A: 1973. IX . 17.
Z: 1974. V I. 25.
F : 1973. X . 24., 1974. V I. 25.

88. N avicula  gracilis Ehr. (Fig. 5)
L en g th : 46.0 — 52.5 p. W id th : 9.0 —
12.5 p . S tr ia e : 1 1 -1 2 /1 0  p.
Ő: 1972. IX . 11.
A: 1973. V. 5., IX . 17., 1974. V I. 25.,

1975. IV . 7., V IL  28.. X . 28.
Z: 1972. V. 26., X . 16., 1973. V. 7.,

IX . 19., X . 24., 1975. V I I I .  25.,
X . 29.

F : 1972. X . 16., 1973. V. 7., X . 24.,
1976. I I I .  15.

89. N avicula  hungarica  Gr u n . 
va r. capitata  (E h r .) Cleve
L en g th : 25.0 — 37.5 p. W id th : 10.0 —
12.5 p . S tr iae : 5 — 7/10 p.
Ő: 1975. X . 28.
A: 1973. IX . 17., 1974. V I. 25., 1975.

V II. 28., X . 28.
Z: 1973. IX . 19., 1975. X . 29.
F : 1972. X . 16.. 1973. V. 7., IX . 21., 

X . 24., 1975. IV. 8.
90. N avicu la  m enisculus Schum .

A: 1975. IV. 7.
91. N avicu la  placentula  (E h r .) Gr u n .

A: 1975. IV . 7., X . 28.
92. N avicula  radiosa  K ütz .

L en g th : 37.5 p. W id th : 10.0 p . S tr iae :
1 0 -1 2 /1 0  p.
Ő: 1973. V. 2.
A: 1973. V. 5., 1974. V I. 25., 1975. IV . 7., 

X . 28.
Z: 1972. V. 26., 1973. V. 7., X . 24.
F : 1972. V. 26., X . 16., 1973. IX . 21.

93. N avicu la  rhynchocephala  KÜTZ.
L en g th : 50 .0—70.0 p. W id th : 12.5 —
15.0 p . S triae : 8 —9/10 p.
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Ő: 1973. V. 2., Y. 5., IX . 17., X . 24., 
1975. IV. 7.

A: 1973. Y. 5., IX . 17., 1975. V II . 28.
Z: 1973. V. 7., IX . 19., X . 24.
F : 1972. V. 26., 1973. V. 7.

94. N avicula tuscula  (E h r .) Gr u n .
Ő: 1973. V. 5 .

95. N avicula v iridula  K ü t z .
L en g th : 41.0 — 50.0 fi. W id th : 10.0 —
11.0 fi. S triae : 11 — 13/10 fi.
Ö : 1972. IX . 11., 1973. V. 2., V. 5., 

IX . 17., X . 24., 1974. V I. 25., 1975. 
IV . 7., X . 28.

A: 1973. V. 2., V. 5., IX . 17., 1974. V I.
25., 1975. IV . 7., V I I .  28., X . 28.

Z: 1972. V. 26., X . 16., 1973. V. 7., IX .
19., X . 24., 1974. V I. 25., 1975. IV. 8., 
V II . 28., V I I I .  25., X . 29.

F : 1972. V. 26., X . 16., 1973. V. 7., 
IX . 21., 1974. V I. 25., 1975. IV. 8., 
V II . 29., 1976. I I I .  15.

96. N e id iu m  dubium  (E h r .) Clev e  
f. constricta H ú st .
Ő: 1972. IX . 11.

97. N e id iu m  productum  (W . Sm ith ) Cle v e  
Z: 1973. X . 24.

98. N itzschia acicularis W . Sm ith  
L en g th : 65.0 —128 fi. W id th : 3.7 — 5.0 fi. 
Ő: 1973. V. 2., V. 5., 1975. IV. 7., V II .

28., X . 28.
A: 1973. V. 2., V. 5., IX . 17., 1975. IV .

7., V II . 28., X . 28.
P : 1976. V I. 16.
Z: 1972. V. 26., X . 16., 1973. V. 7.,

IX . 19., 1975. V II . 28., V I I I .  25.,
X . 29.

F : 1972. X . 16., 1973. V . 7., 1974. V I.
25., 1975. IV . 8., V II . 29., X . 29.

99. N itzschia  acuta H antzsch  
L en g th : 87.0 fi. W id th : 5.0 fi.
Ő: 1973. V. 5.
Z: 1973. V. 7.

100. N itzschia  am phibia  Gr u n . (Fig. 3 — 1)
A: 1973. V. 5.
Z: 1972. V. 26.
F : 1976. I I I .  15.

101. N itzschia anguslata  (W . Sm ith ) Gr u n . 
Z: 1972. X . 16., 1973. V. 7.

102. N itzsch ia  capitellata  H ú s t .
L en g th : 66.0 — 70.0 fi. W id th : 6.0 —8.0 fi. 
K eel p u n c tae : 11/10 fi.
Ő: 1975. X . 28.
A: 1975. X . 28.
Z: 1973. V. 7., IX . 19.
F : 1973. IX . 21.

103. N itzschia commutata  Gr u n .
L en g th : 85.0 p . W id th : 10.0 fi. K eel 
p u n c tae : 6/10 fi.
F : 1975. V II. 29.

104. N itzschia  d issipata  (K ü t z .) Gr u n . 
L en g th : 1 6 .5 -3 5 .0  fi. W id th : 3 .7 - 7 .5  fi. 
K eel p u n c tae : 5 —6/10 fi.
Ő: 1973. V. 5.

A: 1975. X . 28.
Z: 1973. IX . 19.
F : 1973. V. 7., 1975. IV . 8.

105. N itzschia fru s tu lu m  ( K ü t z .) G r u n . 
L en g th : 47.0 fi. W id th : 5.0 fi. K eel 
p u n c ta e : 12/10 fi.
Ő: 1972. IX . 11.
Z: 1972. V. 26.

106. N itzschia  holsatica H ú s t .
L en g th : 52.5 fi. W id th : 3.7 fi.
F: 1972. X . 16.

107. N itzschia  k iitzingiana  H il s e
L en g th : 26.0 fi. W id th : 3.5 fi. K eel 
p u n c tae : 14/10 fi.
Z: 1972. V. 26., 1973. IX . 19.

108. N itzsch ia  linearis W . S m it h
L en g th : 100 — 160 fi. W id th : 7.5 —8.5 fi. 
K eel p u n c tae : 8 —12/10 fi.
Ő: 1972. IX . 11, 1973. V. 2., IX . 17., 

1975. IV. 7., V II . 28., X . 28.
A: 1973. V. 5., IX . 17., 1974. V I. 25., 

1975. IV. 7., V II . 28., X . 28.
Z: 1972. V. 26., X . 16., 1973. V. 7., 

IX . 19., X . 24., 1975. V II . 28., X . 29. 
F : 1972. V. 26., X . 16., 1973. V. 7.,

IX . 21., X . 24., 1974. V I. 25., 1975. 
IV. 8., V II . 29., V I I I .  25., X . 29.

109. N itzschia microcephala G r u n .
L en g th : 22.5 fi. W id th : 5.0 fi.
Z: 1975. IV. 8.

110. N itzschia  palea  ( K ü t z .) W . S m it h  
L en g th : 30.0 — 58.0 /1. W id th : 5.0 — 7.0 fi. 
K eel p u n ctae: 10 — 12/10 fi.
Ő: 1973. V. 2., V. 5., IX . 17., 1974. V I.

25., 1975. IV. 7., V II . 28., X . 28.
A: 1973. V. 2., V. 5., IX . 17., 1974. VI.

25., 1975. IV. 7., V II . 28., X . 28.
P : 1976. V I. 16.
Z: 1972. V. 26., X . 16., 1973. V. 7., IX .

19., X . 24., 1975. IV. 8., V II . 28.,
X . 29.

F : 1972. X . 16., 1973. V. 7., IX . 21., 
1974. V I. 25., 1975. IV . 8.. V II . 29., 
X . 29.

111. N itzschia parvula  L e v .
Ő: 1975. IV. 7.
Z: 1972. V. 26.
F : 1972. V. 26., X . 16.

112. N itzschia recta H a n t z s c h  
L en g th : 60.0 fi. W id th : 5.0 fi.
Z: 1973. V. 7.
F : 1972. X . 16.

113. N itzschia romana  G r u n .
L en g th : 37.5 fi. W id th : 5.0 fi.
Ő: 1973. IX . 17.

114. N itzschia  sigmoidea  ( E h r .) W . S m it h  
L en g th : 320 — 480 fi. W id th : 9.6 — 30.0 fi. 
K eel p u n c tae : 5 — 7/10 fi.
A: 1973. V. 5., 1975. X . 28.
Z: 1972. V. 26., 1975. IV . 8., V II . 28.
F : 1972. V. 26., 1973. V. 7., X . 24., 1974. 

V I. 25., 1975. IV. 8.
115. N itzschia  slagnorum  R a b e n h .
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L eng th : 90.0 p . W id th : 10.0 p . K eel 
p u n c tae : 6 — 7/10 p .
A: 1975. X . 28.
Z: 1973. IX . 19., 1975. X . 29.
F : 1973. IX . 21., 1975. V II . 29.

116. N itzschia sublinearis H u st .
Ő: 1975. IV. 7.
Z: 1972. V. 26.
F : 1973. IX . 21.

117. N itzschia tryblionella  H antzsch  
va r. victoriae Gr u n .
L ength : 2 9 .0 -4 8 .0  p . W id th : 16.0 —
24.0 fi. K eel p u n c ta e : 7 —8/10 p.
F: 1973. IX . 21., 1975. V I I I .  25.

118. N itzschia verm icularis (KÜTZ.) Gr u n . 
L eng th : 130 p . W id th : 6.5 — 7.5 p. K eel 
p u n c tae : 8/10 p.
A: 1973. IX . 17.
F : 1972. V. 26.

119. P innularia  borealis E h r .
A: 1973. V. 2.

120. P innularia  in terrupta  W . Sm ith  
A: 1975. IV. 7.

121. P innularia  maior KÜTZ.
F : 1973. V. 7.

122. P innularia  m icrostauron  (E h r .) Clev e  
Ő: 1973. V. 2., V. 5., 1975. IV. 7.

123. P innularia  m icrostauron  (E h r .) Clev e  
var. brébissonii (KÜTZ.) H ú s t .
L eng th : 41.0 p . W id th : 10.0 p. S triae : 
13/10 p.
A: 1973. V. 5.

124. P innu laria  m icrostauron  (E h r .) Cl e v e  
f. biundulata  О. MÜLL.
Ő: 1973. V. 5.

125. P innu laria  molaris Gr ü n .
F : 1975. V II . 29.

126. Rhoicosphaenia curvala  (K ü t z .) Gr u n . 
L eng th : 30.0 — 37.0 p . W id th : 12.5 p . 
S triae: 6/10 p.
A: 1973. V. 5.
Z: 1975. X . 29.
F : 1972. X . 16., 1975. V II .  29.

127. Rhopalodia gibba (E h r .) O. Mü l l . (Fig. 8) 
L eng th : 64.8 p . W id th : 8.5 p. Costae: 
7 - 8 /1 0  p.
F : 1976. I I I .  15.

128. Rhopalodia gibba (E h r .) O. M ü ll . 
va r. ventricosa (E h r .) Gr u n .
F : 1975. V II. 29.

129. Stauroneis anceps E h r .
Z: 1972. V. 26.

130. Stauroneis anceps E h r . 
f. gracilis (E h r .) Cl e v e  
L eng th : 53.7 p . W id th : 10.0 p.
Ő: 1973. V. 5.

131. Stauroneis phoenicenteron  E h r .
Ő: 1973. V. 5.

132. Stauroneis sm ith ii Gr u n .
L eng th : 22.5 p . W id th : 7.5 p.
Ő: 1975. IV. 7.

133. Surirella angustata  KÜTZ.
L eng th : 37.5 p . W id th : 7.5 p.

Ő: 1973. V. 5.
A: 1975. V II . 28., X . 28.

134. Surirella  biseriata  B r e b .
L en g th : 250 p . W id th : 80.0 p.
F: 1972. V. 26.

135. Surirella  linearis  W . Sm it h  
L en g th : 90.0 p . W id th : 37.5 p.
Z: 1972. V. 26.
F : 1973. X . 24.

136. Surirella  ovális B r Éb .
Z: 1972. V. 26., 1973. V. 7.

137. Surirella  ovata K ü t z .
L en g th : 23.5 — 25.0 p . W id th : 11.0 —
12.5 p.
Ő: 1972. IX . 11., 1973. V. 2., V. 5., 1975.

IV. 7., V II . 28., X . 28.
A: 1973. V. 2., V. 5., 1974. V I. 25., 1975.

IV. 7., V II . 28., X . 28.
Z: 1973. V. 7., IX . 19., 1975. IV . 8., 

V I I I .  25., X . 29.
F : 1973. V. 7., IX . 21., X . 24.

138. Surirella  ovata KÜTZ.
v a r .  p in n a ta  (W . S m it h ) H u s t .
L en g th : 28.0 p . W id th : 9.0 p.
Ő: 1973. V. 5., 1975. IV. ! ..  V II. 28.
A : 1975. X . 28.
Z: 1972. V. 26.

139. Surirella  robusta E h r .
v a r .  splendida  ( E h r .) v . H e u r c k  
L en g th : 100 — 125 p . W id th : 60.0
70.0 p.
Ő: 1973. V. 5.
A : 1973. IX . 17.
Z: 1972. V. 26.
F : 1972. V. 26 ., 1975. V II. 29.

140. Synedra acus KÜTZ.
L en g th : 180 p . W id th : 4.5 p.
Z: 1975. X . 29.
F : 1972. V. 26., X . 16., 1973. V. 7., 1975. 

X . 29.
141. Synedra acus KÜTZ. 

v a r .  angustissim a  G r u n .
Z: 1973. V. 7.

142. Synedra capitata  E h r .
F : 1972. V. 26., 1973. V. 7.

143. Synedra u lna  (N it z s c h ) E h r .
L en g th : 100 — 318 p. W id th : 4.5 — 8.0 p. 
S triae : 8/10 p.
Ö: 1972. IX . 11.. 1973. V. 2., V. 5.. IX .

17., X . 24., 1974. V I. 25., 1975. IV . 7., 
V II . 28.

A : 1973. V. 2., V. 5., 1974. V I. 25., 1975. 
IV. 7., V II . 28.

Z: 1972. V. 26., X . 16., 1973. V. 7., IX .
19., X . 24., 1975. IV. 8., V II . 28.

F : 1972. V. 26., 1973. V. 7., X . 24., 1974. 
V I. 25., 1975. IV. 8., V II. 29.

144. Synedra u lna  (N it z s c h ) E h r . 
v a r .  biceps ( K ü t z .) S c h ö n f .
L en g th : 202 p . W id th : 7.5 p.
Z: 1975. IV . 8.

145. Synedra u lna  (N it z s c h ) E h r .
v a r .  oxyrhynchus  ( K ü t z .) v . H e u r c k
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L en g th : 50.0 — 68.8 fi. W id th : 4.5 — 8.7 fi. 
Ő: 1975. V II. 28.
A: 1975. V II. 28.
Z: 1973. V. 7.
F : 1973. V. 7., 1974. V I. 25.

146. Tabellaria fenestrata  (L y n g b .) K Ü t z . 
L eng th : 72.5 fi.
Ő: 1975. IV. 7.
A: 1973. V. 5.

147. Tabellaria flocculosa  ( R o t h ) K ü t z . 
L eng th : 25.0 — 28.0 fi. W id th : 3.0 — 5.0 fi. 
S triae : 18/10 fi.
Ő: 1975. IV. 7., V II . 28.
A: 1973. V. 5.

PYRROPHYTA

C r y p l o p h y c e a e

148. Cryptomonas erosa E h b .
F: 1975. V II. 29., X . 29.

CHLOROPHYTA

C h l o r o p h y c e a e

V o l v o c a l e s

149. Chlamydomonas sim plex  P a s c h . 
F : 1973. IX . 21.

150. E udorina elegáns E h r .
Ő: 1973. IX . 17.

151. Pandorina m orum  (MÜLL.) B ory 
6 :  1973. IX . 17.
A: 1973. IX . 17.
Z: 1972. X . 16.

C h l o r o c o c c a l e s

152. A ctinastrum  hantzschii L a c e r h . 
D im ensions o f cells: 1 2 .5 x 2 .5  ft.
Z: 1975. V II . 28.
F : 1975. V II . 29.

153. A nkistrodem us convolutus Co r d a  
Z: 1972. X . 16., 1975. V I I I .  25.
F : 1972. X . 16., 1975. V II . 29., X . 29.

154. Ankistrodesm us fa lca tu s  (C o r d a ) R a l f s  
F : 1974. V I. 25.

155. Ankistrodesm us fa lca tu s  (C o r d a ) R a l f s  
v a r .  acicularis (A . B R .)  G. S. W e s t
F : 1972. X . 16.

156. A nkistrodesm us fa lca tu s  (C o r d a ) R a l f s  
v a r .  sp irilliform is  G. S. W e s t
A: 1973. IX . 17.. 1975. V II. 28.
Z: 1975. V II. 28.
F : 1975. V II. 29., X . 29.

157. A nkistrodesm us setigerus (S c h r ô d .) G . S. 
W e s t
F: 1972. X . 16., 1973. V. 7., 1975. V II. 

29.
158. Chodatella quadriseta L emm.

F : 1975. V II. 29.

159. Coelastrum m icroporum  N a e g .
A: 1973. IX . 17.
Z: 1972. X . 16., 1975. V II . 28., X . 29. 
F : 1972. X . 16., 1975. V I I I .  25., X . 29.

160. Crucigenia apiculata  (L em m .) S ch m id le  
(F ig. 10)
Coenobia o f fo u r cells. D im ensions of 
cells: 5.5 —7.0 X4.5 f i .
Ő: 1974. V I. 25.
F : 1974. V I. 25.

161. Crucigenia fenestra ta  Sc h m id le  
A: 1973. IX . 17.
Z: 1972. X . 16., 1973. IX . 19., 1975.

V II. 28., V I I I .  25., X . 29.
F : 1972. X . 16., 1973. V. 7., 1975. V II.

29., X . 29.
162. Crucigenia quadrata  M o r r en  (F ig . 11) 

Coenobia o f fo u r cells. D im ensions of 
cells: 5.5 — 6.5 x 5 .0  f i .
Z: 1973. IX . 19.
F : 1972. X . 16., 1974. V I. 25., 1975. X . 

29.
163. Crucigenia tetrapedia  (K ir c h n .) W . e t W. 

(Fig. 12)
Coenobia of fo u r cells. D im ensions of 
cells: 7.5 —7.7 x 5 . 0 fi .
А: 1973. IX . 17.
Z: 1975. V II. 28.
F : 1973. IX . 17., 1974. V I. 25.

164. Dictyosphaerium  pulchellum  W ood 
Z: 1975. V II. 28.
F : 1972. X . 16., 1975. X . 29.

165. K irchneriella lunaris  (K ir c h n .) Mo eb . 
A: 1973. IX . 17.
Z: 1975. V II. 28.
F : 1972. X . 16., 1973. V. 7., IX . 21., 

1975. X . 29.
166. Kirchneriella obesa (W . W e s t ) Sch m id le  

A: 1973. IX . 17., 1975. X . 28.
Z: 1973. IX . 19., 1975. V I I I .  25.
F : 1975. X . 29.

167. Nephrochlamys subsolitaria  (G. S. W e st .) 
K orsh .
Z: 1973. IX . 19.

168. Pediastrum  boryanum  (T u r p .) M e n e g h . 
Z: 1972. V. 26., X . 16.. 1975. V II . 28. 
F : 1972. X . 16., 1974. V I. 25.

169. Pediastrum  duplex  M e y e n  
F : 1972. X . 16.

170. Pediastrum tétras (E h r .) R alfs 
F : 1972. X . 16.

171. Scenedesmus acum inatus  (L a g e r h .) 
Ch o d . C oenobia o f  fo u r cells. D im en­
sions o f cells: 25 — 3 0 .5 x 5  — 6.5 f t .
A: 1974. V I. 25.
Z: 1975. V II. 28.
F : 1972. X . 16., 1975. V II . 29., X . 29.

172. Scenedesmus acum ina tus  (L a g e r h .) 
Ch o d .
va r. elongatus G. M. Sm it h .
F : 1975. X . 29.

173. Scenedesmus anom alus  (G. M. Sm ith ) 
T if f . (Fig. 14)
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Plate I I .  10: Crucigenia apiculata  (L emm .) Sc h m id l e ; 11: Crucigenia quadrata  Mo r r e n : 12: Cru- 
cigenia tetrapedia  (K ir c h n .) W . e t W .: 13: Tetrastrum  glabrum  ( R oll) Ah lstr . e t T i f f .: 
14: Scenedesmus anom alus  (G. M. Sm ith ) T i f f .; 15: Closterium m oniliferum  (B ory) E h r .: 
16: Scenedesmus rostrato-spinosus Ch od . var. serrato-pectinatus Ch o d .; 17: Tetraëdron m uticum

(A. B r .) H a n s g .
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P late I I I .  18: Scenedesmus interm edius Ch o d .; 19: Scenedesmus spinosus  Ch o d .; 20: Scenedes­
m us ecornis (R a l f s ) Ch o d . v a r .  disciform is Ch o d .; 21: Scenedesmus coartatus H o r t o b .; 22 — 
23: Scenedesmus opoliensis P . R ic h t .; 24: Scenedesm us denticulatus L a g e r h .; 25: Scenedesmus 

denticulatus L a g e r h . v a r .  linearis H a n s g .
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Coenobia of e ig h t cells. D im ensions of 
cells: 12.5 — 1 3 .0 x 2 .5  — 3.0 p . T here  are  
s tra ig h t spines on ly  on th e  free poles of 
o u ter cells, th e ir  len g th s varies from  13.0 
to  14.0 p.
F : 1976. X . 4.

174. Scenedesmus coartatus H o r t o b . (F ig. 21) 
Coenobia of fo u r cells. D im ensions o f 
cells: 1 2 .5 - 1 5 .0 x 3 .0 - 3 .5  p.
F: 1972. X . 16., 1975. V II . 29.

175. Scenedesmus denticulatus L a g e r h .
(F ig. 24)
C oenobia of four cells. D im ensions o f 
cells: 10.0 — 1 2 .0 x 4 .5  — 6.0 p.
F : 1972. X . 16., 1975. V II . 29.. X . 29.

176. Scenedesmus denticulatus L a g e r h . 
v a r. linearis H a n s g . (F ig. 25)
Coenobia of four cells. D im ensions o f 
cells: 1 4 .0 - 1 5 .0 x 3 .5 - 4 .0  p.
F : 1972. X . 16.

177. Scenedesmus ecornis ( R a l f s ) Ch o d .
Z: 1973. IX . 19., 1975. X . 29.
F : 1972. X . 16., 1975. X . 29.

178. Scenedesmus ecornis (R a l f s ) Ch o d . 
v a r. disciform is Ch o d . (Fig. 20)
Coenobia of four cells. D im ensions of 
cells: 5.0 —9.4 x  3.0 —6.0 p.
F : 1972. X . 16., 1973. IX . 21., 1975. 

V I I I .  25., X . 29.
179. Scenedesmus granulatus W. e t W.

Z: 1975. X . 29.
F : 1975. V II. 29.

180. Scenedesmus interm edius Ch o d . (F ig. 18) 
Coenobia of four cells. D im ensions of 
cells: 6.0 — 7.0 X 2.5 — 3.0 p. L en g th  of 
sp ines: 4.0 — 5.0 p.
Z: 1975. V II. 28., V I I I .  25.

181. Scenedesmus opoliensis P . R ic h t .
(F ig. 2 2 - 2 3 )
Coenobia o f four cells. D im ensions of 
cells: 14.5 — 2 6 .0 x 4 .5  — 8.5 p. L en g th  of 
sp ines: 9.5 — 29.5 p.
F : 1974. V I. 25., 1975. V I I I .  25., 1976. 
X . 4.

182. Scenedesmus quadricauda  (T u r p .) B r e b . 
A: 1973. IX . 17., 1975. IV . 7.
Z: 1972. X . 16., 1973. V. 7., IX . 21., 

1975. IV. 8., V II . 29., X . 29.

183. Scenedesmus rostrato-spinosus Ch o d . 
va r. serrato-pectinatus Ch o d . (F ig. 16) 
Coenobia of four cells. D im ensions of 
cells: 17.0 X  5.0 p . L en g th  of th e  sh o rt 
and th e  long spines: 1.5 — 4.5 p  and 
13.5 — 14.5 p  respec tive ly .
P : 1976. V I. 16.

184. Scenedesmus spinosus Ch o d . (Fig. 19) 
Coenobia o f four cells. D im ensions of 
cells: 7.5 — 1 1 .0 x 2 .5  — 3.0 p . L en g th  of 
spines: 0.5 —5.0 p.
Ő: 1974. V I. 25.
A: 1973. IX . 17.
Z: 1974. V I. 25.
F : 1972. X . 16., 1974. V I. 25., 1975. IV. 

8., X . 29.
185. Tetraëdron caudatum  (Co rda ) H ansg . 

v a r . in cisu m  L a g e r h .
F : 1973. IX . 21.

186. Tetraëdron m uticum  (A. B r .) H ansg . 
(Fig. 17)
L eng th  of a side: 22.0 — 23.0 (i.
A: 1973. IX . 18.

187. Tetrastrum  glabrum  (R oll) A h l st r . e t 
T i f f . (Fig. 13)
Coenobia o f four cells. D im ensions of 
cells: 4.5 — 5 .0 x 3 .5  — 4.0 /л.
F : 1972. X . 16., 1975. V I I I .  25.

188. Tetrastrum  staurogeniaeforme (Schröd .) 
L em m .
Z: 1975. V II. 28., V I I I .  25.
F : 1975. IV . 8., X . 29.

С о n j u g a t o p h y c e a e  

D e s m i  d i a l e s

189. Closterium aciculare W est
F : 1972. X . 16., 1974. V I. 25., 1975. 

X . 29.
190. Closterium m oniliferum  (B o ry ) E h r . 

(Fig. 15)
D im ension of cell: 2 4 0 x 4 6  p.
F : 1974. V I. 25.

191. S taurastrum  paradoxum  Me y e n  
A: 1973. IX . ] 7.
Z: 1975. V II .  28.
F : 1972. X . 16.

The quantitative ecology o f  the phytoplankton

T he n u m b er o f ta x a  w hich occurred  in  th e  w hole period  of in v estig a tio n s 
in  th e  in d iv idua l sam pling  sites, an d  th e  d is trib u tio n  of th e  ta x a  num bers 
am ong  th e  various tax o n o m ica l g roups, are  show n in T ab le  2. In  all th e  experi­
m e n ta l s ta tio n s , th e  h ig h est n u m b er o f ta x a  is rep resen ted  b y  Bacillariophyceae, 
th e  n e x t in  o rder is Chlorococcales —  w ith  th e  excep tion  of O riszen tp é te r. 
T he ta x o n  n u m b er of th e  o rder of Chlorococcales increases in  th e  d irec tio n  from
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O riszen tp é te r tow ards F e n é k p u sz ta ; th is  increase also p reva ils  in  th e  case of 
d ia to m s, a fte r a sm aller fall a t  A n d rásh id a . T he ta x o n  n u m b er of p lan k to n  
a lg ae  observed a t  th e  in d iv id u a l sam pling  sites, in  th e  d irec tion  from  th e  origin 
o f  th e  riv er tow ards its  m o u th , also increases. T his is especially  rem ark ab le  if  
a com parison  is m ade b e tw een  th e  tw o  u p p er sam pling  sites (O riszenpéter and

Table 2

N um ber o f  taxa  observed at d ifferent stations

System atic groups
Stations

Ő A z F

Cyanophyta 4 l 6 6

Euglenophyta 0 2 3 8

Xanthophyceae 0 0 0 1

Chry sophy ceae 2 1 1 2

Bacillariophyceae 61 57 76 82

Cryptophyceae 0 0 0 1

Volvocales 2 1 1 1

Chlorococcales 2 10 19 33

Desmidiales 0 1 1 3

N um ber o f a lgal tax a 71 73 107 137

A nd rásh id a) and th e  tw o  s ta tio n s  o f th e  lower reach  (Z a laap á ti, F en ék p u sz ta ) 
(F ig . 2). The n u m b er o f ta x a  belonging  in  th e  o rd e r Chlorococcales increases 
a t  a m uch g rea te r r a te  in  th e  d irec tio n  tow ards th e  m o u th  th a n  th a t  of th e  
d ia to m s, w hich resu lts  in  th e  increase  of th e  ra tio  n u m b e r betw een  th e  Chloro­
coccales and  Bacillariophyceae  ta x a  (Fig. 3). The g rea te r p ro p o rtio n  of th e  
u n ice llu la r green a lgae in  b o th  th e  ta x o n  n u m b er an d  th e  com position  of th e  
p h y to p la n k to n  perio d ica lly  becom es especially  p ronounced  in  th e  area of 
F e n ék p u sz ta . Such a s ta te  developed  th e re  on O cto b er 29, 1975, w hen th e  
Chlorococcales : Bacillariophyceae  ta x o n  ra tio  increased  to  3.14; 59 .1%  of th e  
p h y to p la n k to n  consisted  o f  u n ice llu la r green algae, 11.9%  of d ia tom s. These 
changes can be b ro u g h t in to  co rre la tio n  w ith  th e  decrease in th e  flow  velocity  
an d  w ith  the  increase  in  th e  p la n t n u tr ie n t co n ten t o f th e  w a te r below  Z ala ­
egerszeg, b u t th e  d irec t e ffect o f th e  m arsh  w aters flow ing  in to  th e  riv er a t  th e  
low er reach can n o t be le f t o u t o f  consideration . T h is in d ica ted  b y  th e  ap p e a r­
ance  of ch a rac te ris tic  g reen  a lgae fo rm ations like , fo r exam ple, Scenedesmus 
coartatus H o rto b ., a t  F e n é k p u sz ta .

T he com position  o f  th e  p h y to p la n k to n  o f th e  riv e r Z ala is show n in 
T ab le  3.
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The dom inance of Chrysophyta  is ch a rac te ris tic  o f  th e  p h y to p la n k to n  of 
th e  river. In  th e  course of our fu r th e r  analysis we exclude  th e  Chlorococcales 
dom inance  w hich occurs a t  F e n ék p u sz ta  only ra re ly  an d  sim u ltan eo u sly  w ith 
th e  tem p o ra ry  s ta g n a tio n  of th e  w ate r.

The ra tio  of Chrysophyta  in  th e  com position  of p h y to p la n k to n  is 81.0—• 
100.0% , m ostly  above 90% , its  m in im um  is a t  F en ék p u sz ta  in  all o f th e  exper­
im en ta l periods. 49 .1— 98%  of th e  p h y to p la n k to n  consist of d ia tom s which

Fig. 3. Chlorococcales: Bacillariophyceae  q u o tie n t on th e  basis o f all ta x a  observed
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Table 3

D istribution  o f  phytop lankton  algae

System atic groups
1973. V. 2 - 7 . 1973. IX . 1 7 - 21.

Ő A Z F A Z F

Cyanophyta 0 0 0 0 0.4 0 0.8
Euglenophyta 3.8 0 4.6 3.6 2.9 1.3 5.1
Xanthophyceae 0.5 0 0 0 0 0 0
Chrysophyceae 20.8 0 11.9 0 0 0.6 9.2

Bacillariophyceae 72.6 97.4 80.9 87.7 90.5 90.3 73.1

Cryptophyceae 0.9 2.2 2.6 4.6 0 0 1.7
Volvocales 0.9 0 0 0.5 2.1 0.6 4.2
Chlorococcales 0 0.4 0 3.6 3.3 7.2 5.9
Desm idiales 0.5 0 0 0 0.8 0 0

100.0 100.0 100.0 100.0 100.0 100.0 100.0

rep re sen t th e  p h y lu m  Chrysophyta  in th e  g re a te s t p ro p o rtio n , som etim es 
exclusively . Changes in  th e ir  p ro p o rtio n  is n o t re la te d  to  e ith e r  th e  sam pling 
sites o r th e  sam pling periods, w hile  on th e  o th e r h a n d  i t  is in  a reversed  p ro ­
p o rtio n  w ith  the  ra tio  o f Chrysophyceae (Fig. 4). T he increase in  th e  p roportion  
o f Chrysophyceae, w hich  is a lm o st exclusively  rep resen ted  b y  A nthophysa  
vegetans (O. F. M.) S t e i n , is accom pan ied  b y  th e  decrease in  th e  p roportion  
o f  d ia to m s, in d ep en d en tly  of th e  site  and  th e  tim e  o f sam pling . T h e  appearance  
o f  A .  vegetans and th e  ch an g e  in  its  p ropo rtio n  can n o t be b ro u g h t in to  relation
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F ig. 4. Relation between the relative abundance of Bacillariophyceae and Chrysophyceae
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among systematic groups in per cent

1975. IV . 7 - 8 . 1975. V II. 28 29. 1975. X 2 8 -2 9 .

Ő A Z F Ő j A Z F I  Ő A Z F

0 0 0 0.9 0 0 1.2 0.9 12.7 0.9 0.9 3.2

2.3 0.3 0 6.0 0 1.4 3.6 5.3 1.0 0 4.7 9.6

0 0 0 0 0 0 0 0 0 0 0 2.2

5.8 1.6 3.5 9.5 33.6 8.2 24.4 31.9 28.5 0 21.2 8.6

91.3 97.8 96.5 82.3 66.4 83.5 58.9 49.1 52.9 98.3 60.9 11.9

0.6 0 0 0 0 1.4 1.2 5.3 3.9 0 9.0 3.2

0 0 0 0 0 1.4 0.6 0.4 1.0 0.4 0 1.1

0 0.3 0 1.3 0 4.1 9.5 7.1 0 0.4 3.3 59.1

0 0 0 0 0 0 0.6 0 0 0 0 1.1

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

w ith  any  of th e  o th e r  p a ram e te rs  w hich w ere m easu red , ca lcu la ted , and  g iven  
in  th e  p resen t p ap er.

The algae belonging to  th e  o th e r taxo n o m ica l g roups u sua lly  p lay  a s u b ­
o rd in a ted  role in  th e  com position  of th e  p h y to p la n k to n , o r th e y  are  m iss in g  
from  th e  com position . A m ong these, th e  p la n k to n  algae belonging in  th e  
Chrysophyceae occur a t O riszen tp é te r an d  Z a la a p á ti, w hile Euglenophyta  an d  
Chlorococcales a t  F en é k p u sz ta , in all th e  periods of sam pling .

F igure 5, w hich was d raw n on th e  basis o f th e  average  d a ta  from  th e  
period  betw een M ay 1973 an d  Ju ly  1975, show s th e  changes in  p e rcen tag e  
ra tio  of th e  p la n k to n  a lgae belonging to  th e  Chrysophyta  an d  o th e r g roups 
along th e  river. F ro m  O riszen tp é te r to w ard s F en ék p u sz ta , th e  p ro p o rtio n  
o f Chrysophyta , m a in ly  th e  d ia tom s in  th e  com position  o f th e  p h y to p la n k to n  
g raduallv  decreases, an d  th e  p ropo rtio n  of p lan k to n  algae belonging in  th e  
o th e r taxo n o m ica l g roups increases. This re flec ts  th e  process of th e  Zala 
becom ing a s ta g n a n t w a te r, w hich is especially  p ronounced  a t  F en ék p u sz ta , 
w here th e  c o n s tan t presence of p lan k to n  algae belonging to  th e  Euglenophyta  
and  Chlorococcales is also an  ind ica tion  of th e  above s ta te m e n t.

T he changes in  d iv e rs ity , log., s, e q u ita b ility  an d  n u m b e r of ta x a  are  
show n in Fig. 6. B esides th ese  p a ram ete rs , th e  to ta l  algal counts an d  th e  
q u a n tity  of ch lo rophy ll-a  to  be found in a u n it  vo lum e of w ate r are  given 
in  T ab le  4.

T he value of d iv e rs ity  is 2.86—4.06 a t  O riszen tp é te r, 2.29—4.37 a t  
A ndrásh ida , 1.69— 4.41 a t Z a laap á ti, 3.69— 4.92 a t  F en ék p u sz ta ; on an average 
these  values in  th e  sam e o rd er are 3.53, 3.01, 3.56 and  4.37. T h e  values, a f te r  
a sm aller fall a t  A n d rásh id a , increase in th e  d irec tion  of F en ék p u sz ta . C onsid-
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T ab le  4

N um ber o f  ta x a (s ) ,  diversity ( H " ) ,  log2s , equitability ( J ) ,

Time 1973. Y. 2 - 7 . 1973. IX . 17 - 21.

S tation Ő A z F A Z F

N u m b e r o f ta x a  (s) 30 17 25 42 33 40 47

D iv e rsity  (H ") 3.60 2.29 3.59 4.26 3.04 4.38 4.92

log2s 4.91 4.09 4.64 5.39 5.04 5.32 5.56

E q u ita b ili ty  ( J ) 0.73 0.56 0.77 0.79 0.60 0.82 0.89

T o ta l a lgal counts (106X in d ./l) — — — — — — —
C hlorophyll-a  con ten t (m g/m 3) — — — — — — —

ering  th e  various perio d s, th is  ten d en cy  does n o t p reva il co n sis ten tly . H ow ­
ever, th e  m ax im um  o f d iv e rs ity , w ith  th e  exception  of one period , was alw ays 
m easu red  a t  F en ék p u sz ta .

In  A pril, 1975, th e  va lu e  of d iv e rs ity  and  e q u ita b ility  considerab ly  
decreased  from  O risz e n tp é te r  to  Z a la a p á ti, th e n  i t  rose again  a t F en ék p u sz ta , 
b u t  i t  did no t reach  th a t  m easured  a t  O riszen tpé te r. T his change is in  close 
co rre la tio n  w ith  th a t  occu rrin g  in  th e  p ro p o rtio n  of N avicu la  viridu la  K ü t z ., 
w hose ra tio  in th e  p h y to p la n k to n  com position  is 1.2, 56.3, 76.5 an d  34.5 
p e r cen t, dow nriver from  O riszen tp é te r tow ards F en ék p u sz ta . N . viridu la  
becom ing  d o m in an t is m an ifest also from  th e  fall in  e q u ita b ility  to  a large 
e x te n t:  i t  was 0.50 a t  A n d rásh id a  a t  th a t  tim e, and 0.39 a t  Z a laap á ti, w hich

100 -,

0 A Z F

Chrysophyta 

other systematic groups

Fig. 5. C hanges in  re la tiv e  ab u n d an ce  of algal groups a t  d ifferen t s ta tio n
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total algal counts and chlorophyll-a content

351> 1975. VI! . 28 - 29. 1975. X 2 8 -2 9 .

Ő 1 A z F 0 A Z F Ő A Z F

39 28 20 32 16 16 37 38 23 42 43 41

4.06 2.41 1.69 3.69 2.86 2.93 3.71 4.07 3.59 4.37 4.41 4.91

5.29 4.81 4.32 5.00 4.00 4.00 5.21 5.24 4.52 5.39 5.43 5.36

0.77 0.50 0.39 0.74 0.71 0.73 0.71 0.78 0.79 0.81 0.81 0.92

0.10 0.88 1.4 0.48 0.21 0.21 0.16 0.42 0.15 0.26 0.40 0.85

2.0 3.2 10.0 8.8 0.7 4.8 2.8 7.5 1.0 1.0 6.4 11.4
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F ig. 6. D iv ersity , log2s, e q u ita b ili ty  and  n u m b er o f tax a
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w ere  th e  sm allest va lues in  th e  w hole period  of in v estiga tions. In  these  cases* 
d iv e rs ity  also changes in  a reverse  d irec tio n  w ith  th e  values o f  algal co u n ts , 
ch a rac te riz in g  th e  degree o f eu tro p h ica tio n , and  of ch lo rophy ll-a  c o n te n t. 
T h is  w as no t experienced  in o th e r cases; th e  g rea te r values o f  d iv e rs ity  a re  
e v e n  ch arac teris tic  in  genera l o f th e  m o u th  section  of th e  riv e r.

T he course of d iv e rs ity  changes is in  good agreem ent w ith  th e  ta x o n  
n u m b e r  ch arac teris tic  o f th e  v a rious sam ples (Fig. 6).

In  general th e  p a ra m e te rs  o f ta x o n  n u m b er, d iv e rs ity  an d  th e  degree 
o f  eu tro p h ica tio n  ( to ta l algal cou n ts , ch lo rophy ll-a  con ten t) all increase along 
th e  r iv e r  tow ard th e  m o u th . T hey  reach  th e ir  m axim um  va lu es  a t  th e  low er 
re a c h  and  ind ica te  th e  d irec tion  of th e  changes which p re su m ab ly  ensue in  
t h e  case o f bu ild ing  a re se rv o ir for th e  re s to ra tio n  of th e  fo rm er p a r t  p lay ed  
b y  th e  K is-B alaton  in  keeping  suspended  sed im en t and  n u tr ie n t  from  arriv in g  
in  th e  river.

S um m ary

T h e  p h y to p la n k to n  in v es tig a tio n s  ca rried  ou t in th e  r iv e r  Zala betw een  
1972 an d  1976 gave th e  follow ing resu lts :

1. In  th e  period  o f in v estig a tio n s 191 ta x a  was observed. T h e ir  b reakdow n  
acco rd in g  of tax o n o m ica l g roups is as follow s: Cyanophyta  11. Euglenophyta  8, 
X anthophyceae  1, Chrysophyceae 2, Bacillariophyceae  125, Cryptophyceae 1, 
I olvocales 3, Chlorococcales 37, D esm idiales  3.

2. In  all sam p lin g  sites, and  considering  th e  whole perio d  of in v es tig a ­
tio n s , th e  tax o n  n u m b e r of d ia to m s is th e  g rea test.

3. The tax o n  n u m b e r of th e  p la n k to n  algae re la ted  to  th e  w hole period  
o f  in v es tig a tio n  increases from  th e  d irec tio n  of O riszen tp é te r tow ards th e  
m o u th .

4. The tax o n  n u m b e r of Bacillariophyceae  increases a f te r  an  in s ig n ifican t 
fa ll a t  A ndrásh ida , dow nriver, b u t a t a low er ra te  th a n  th a t  o f Chlorococcales, 
w h ich  also m anifests from  th e  increase of an  iden tica l d irec tion  in  th e  Chloro­
coccales : Bacillariophyceae ra tio  o f ta x o n  num ber.

5. As regards th e  p h y to p la n k to n  o f th e  river, the  dom inance  of Chryso- 
p h y ta  is cha rac teris tic . T h is p hy lum  is rep resen ted  to  th e  g re a te s t p ro p o rtio n , 
so m e tim es  exclusively, by  d ia tom s.

6. D ow nriver th e  dom inance  of Chrysophyta, p rim arily  d ia to m s g rad u a lly  
decreases and  by th is  th e  p ro p o rtio n  of th e  algae belonging in  o th e r  ta x o n o m ­
ica l g roups increases.

7. The increase in  th e  p ro p o rtio n  of Chrysophyceae, w h ich  is rep resen ted  
a lm o s t exclusively by  A nthophysa  vegetans, is accom panied b y  a decrease in  
th e  Bacillariophyceae p ro p o rtio n .
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8. B o th  th e  param eters o f d iv e rs ity  an d  th e  degree of e u tro p h ic a tio n  
(algal coun ts, chlorophyll-a co n ten t)  increase along th e  river, and  reach  th e ir  
m ax im um  v a lu e  in  general in th e  reg ion  of th e  m ou th .

All these  changes can be b ro u g h t in to  co rre la tio n  w ith  th e  considerab le  
load ing  of p la n t  n u tr ie n ts , an d  th e  decrease in  th e  flo w th  velocity  on th e  r iv e r  
reach  d o w n stream  of Zalaegerszeg; th e y  in d ica te  th e  d irection  of tho se  changes 
w hich m ay ensue a fte r the  co n s tru c tio n  of th e  p lan n ed  K isb a la to n  reserv oir.

A C K N O W L E D G E M E N T

W e express ou r th an k s  to D r. L ajos H a jd ú  for his m any-sided  assistance in  our ca lcu ­
la tin g  d iversities, a n d  to  Ferenc T óth  for his cooperation  in  th e  chlorophyll exam inations.

R E F E R E N C E S

B r u n n t h a l e r , J .  (1915): Protococcales. In : P a s c h e r , A . (ed it.). D ie Süßw asser-F lora  D eu tsch ­
lands, Ö sterreichs u n d  der Schweiz. H e ft 5, 52 — 252, G u stav  F is c h e r  V erlag, Je n a . 

C l e v e -E u l e r , A s t r id  (1951 — 1955): D ie D ia tom een  v o n  Schw eden u n d  F in n lan d . I —V.
K . S venska V etenskapsakad . H a n d l., 4. Ser., 2 (1), 3 (3), 4 (1), 4 (5), 5 (4).

Cl if f o r d , H. T. a n d  W . St e p h e n s o n  (1975): A n in tro d u c tio n  to  num erical c lassifica tion .
A cadem ic P ress , New Y ork, San F rancisco , London.

E d d e n , A n n e  C. (1971): A m e a su re  o f  sp e c ie s  d iv e r s i ty  r e la te d  to  th e  lo g n o rm a l d is t r ib u t io n  
o f  in d iv id u a ls  a m o n g  species. J .  e x p . m a r . B io l. E c o l., 6 , 199 — 209.

E n t z , B. (1959): C hem ische C harac terisierung  der Gewässer in  der U m gebung  des B ala tonsees 
(P la tten sees) u n d  chem ische V erh ältn isse  des B ala tonw assers. A nnal. Biol. T ih an y , 
26, 1 3 1 -2 0 1 .

F e l f ö l d y , L. (1972): A kékalgák (C y an o p h y ta ) k ish a tá ro zó ja  (Sm all id en tific a tio n  book of 
th e  b lue-green  algae [C ynophy ta]). V ízügyi H idrob io lóg ia , 1, V IZ D O K , B u d ap es t, 
pp. 1 — 257 (in  H u n g a rian  only).

F e l f ö l d y , L. (1974): A biológiai v ízm inősítés (B iological w a te r  qualifica tion ). V ízügyi H id ro ­
biológia, 3, V IZ D O K , B u dapest pp . 1 — 242 (in  H u n g a rian  only).

F ő t t , B. (1971): A lgenkunde. V EB  G u stav  F is c h e r  V erlag , J e n a , pp. 1 — 581.
F r a n c é , R. H. (1897): D ie P ro tozoen  des B a la to n . In : E n t z , G., Die F a u n a  des B ala tonsees. 

R es. W iss. E rforsch . B ala tonsees, 2, 1 —64.
G o j d ic s , M a r y  (1953): T he genus E u g len a . T he U n iv ersity  of W isconsin Press, M adison

p p . 1 — 268.
H a j d ú , L. (1976): A lgal species d iv ers ity  in  tw o eu troph ic  fish p o n d s I. A cta  B ot. H u ng ., 22 

(in th e  press).
H o r t o b á g y i, T. (1973): The m icroflora in  th e  se ttlin g  and  subsoil w a te r enriching basins of th e  

B u d ap est W aterw orks. A kad. K iad ó , B u d ap es t, pp . 1 — 341.
H u r e r - P e s t a l o z z i, G. (1955): D as P h y to p la n k to n  des S üßw assers, 4. Teil: E uglenophyceen . 

In : T h ie n e m a n n , A. (edit.): Die B innengew ässer. — S ch w eize rb art’sche V erb , S tu t tg a r t ,
p p . 1 — 606.

H u s t e d t , F. (1930): B acilla riophy ta  (D ia tom eae). In : P a s c h e r , A. (ed it.). D ie Süßw asser- 
F lo ra  M itte leu ropas. H eft Í0 , 1 — 466. G u stav  F is c h e r  V erlag, Jen a .

P a s c h e r , A. (1927): V olvocales —P h y to m o n ad in ae . In : P a s c h e r , A. (ed it.): D ie Süßw asser- 
F lo ra  D eu tsch lan d s, Ö sterreichs u n d  de r Schweiz. H e ft 4, 1 — 506. G u s tav  F is c h e r  
V erlag, Je n a .

S h a n n o n , C. E . an d  W . W e a v e r  (1963): T h e  m ath e m a tic a l th eo ry  of com m unica tion . U niv . 
o f Illinois P ress , U rb an a .

S t a r m a c h , K . (1966): C yanophyta-S in ice , G lau co p h y ta-G lau k o fity . F lo ra  S lodkow odna 
Polsk i, Tom . 2, W arszaw a, pp . 1 — 807.

T a m á s , G. (1971): T ájékozódó  v izsgála tok  a Z ala  folyó alsó szak aszán ak  p o tam o fito p lan k to n - 
já n  (E x p lo ra to ry  investiga tions o f  th e  p o tam o p h y to p la n k to n  of th e  lower reach  of th e  
r iv e r Zala). L ec tu re  on X I I I .  H idrob io lógus N apok , H é v íz —T ih an y , 1971. o k tó b er 7 — 9.

A cta  Botanica Academ iae Scientiarum  Hungaricae 23, 1977



166 NÉM ETH, J . — V IZ K E L E T Y , É.

TÓTH, L. (1976): In tézk ed ési és k u ta tá s i fe la d a to k  a B a la to n  kö rnyeze tvédelm e érdekében  
(M anagem en t an d  resea rch  task s in  th e  in te re s t  o f th e  en v iro n m en ta l p ro tec tio n  of 
L ak e  B a la to n ). Som ogyi M űszaki Szem le, 2, 38 — 42 (in H u n g a rian  only).

T ó t h , L. — O l á h , J .  — O. T ó t h , E . (1975): A B a la to n  foszfor anyagcseréje  (The phosphorus 
m etab o lism  of L ak e  B a la ton ). B a la to n i V ízvédelm i B izo ttság  (C om m ittee  o f W ater- 
p ro tec tio n  of L ak e  B a la to n ), pp . 1 — 60 (in  H u n g a rian  only).

U h e k k o v ic h , G. (1966): D ie Scenedesm us-A rten  U n g arn s. A kad. K iadó , B u d a p es t, 1 —173.
U h e r k o v ic h , G. (1975): A d a to k  a Zala folyó lim n o ló g iá jáh o z  (D a ta  on th e  lim nology  of th e  

r iv e r Zala). S a v a ria , V asm egyei M úzeum ok É rte s ítő je , 5 (in  th e  press).
V iz k e l e t y , É . (1973): A K esz th ely i öböl v ízm inősége (The q u a lity  of w a te r in  th e  K eszthely  

B ay). L ec tu re  on  X V . H idrobiológus N a p o k , T ih an y , 1973. ok tó b er 11 — 13.
V iz k e l e t y , É . — L e n t i , Zs . (1976): A Zala b io lóg ia i vízm inősége, különös te k in te t te l  az an tro - 

pogén h a tá so k ra  (T he biological w a te r  q u a li ty  o f th e  r iv e r Zala, w ith  specia l regard  
to  th e  an th ro p o g en ic  effects). H idrol. K özi. (in  th e  press).

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



Acta Botanica Academiae Scientiarum Hungaricae, Tomus 23 (1 —2 ), pp. 167 —177 (1977)

STUDIES ON AFRICAN CALYMPERACEAE I

By

S. O r b á n

D EPARTM ENT OF BOTANY, HO SI M INH  TEA CH ERS’ COLLEGE, E G E R , HUNGARY 

(R eceived O c to b er 1, 1976)

The a u th o r is w orking on a rev is ion  of th e  A frican species of Syrrhopodon  and  
Calymperes genera. In  th e  f irs t pap er o f h is series th e  descrip tions of Syrrhopodon insu- 
larum  B izot e t O n raed t and th a t  o f S . stuh lm annii B ro th , a re  com pleted  a n d  th e ir  
d is tr ib u tio n  is m ap p ed , m ain ly  on th e  basis o f th e  rich  m a te ria l  collected b y  T . P o es  
in  T an zan ia . Special a tte n tio n  is p a id  for th e  leaf m argin  s tru c tu re  o f S. s tu h lm a n n ii 
B ro th ., w hich differs considerab ly  fro m  all o th er species o f th e  genus an d  seem s to 
b e a r ev o lu tio n ary  significance. On th is  base  th e  new Tricostatae section  is e stab lish ed .

Introduction

T he E a s t A frican species of Syrrhopodon  were described  m o stly  by 
M it t e n  (1886), B r o t h e ru s  (1894. 1897, 1914), P otier  d e  la V a r d e  (1948, 
1953, 1958), D i x o n  an d  T heriot  (1942), D emaret  an d  L eroy  ̂ (1944) an d  
fin a lly  b y  B izot (1976). Several m ore au th o rs  com pleted  th e  p ic tu re  o f th e ir  
d is tr ib u tio n  (L i n d a u , 1895, T h er io t , 1931, D e m a r et , 1940, D e m a r et  an d  
L eroy% 1947, P otier  d e  la V a r d e , 1953, 1955, 1958, B ar t r a m , 1953, B izot 
and  P é c s , 1974).

T he p resen t a u th o r  s ta r ts  his s tud ies w ith  th e  in v estig a tio n  of the  E a s t  A f­
rican  species. In  th e  f irs t  p a p e r of a p roposed  series he deals w ith  tw o species, 
know n before only  from  th e ir  ty p e  locality . In  th e  case of Syrrhopodon in su larum  
B izo t e t O n raed t (Sect. C avifo lii), described  on th e  base o f a sterile  specim en  
from  th e  Seychelles, even its  generic p o sitio n  was u n certa in . T he o th e r species, 
Syrrhopodon stuh lm ann ii B ro th ., w hich w as know n u n til  re cen t tim es also o n ly  
b y  a s te rile  specim en, from  th e  U luguru  M ts. Now, based  on th e  rich  m a te r ia l 
co llected  b y  T. PÓCS, th e  a u th o r  describes th e  spo rophy tes an d  deals w ith  
th e  a n a to m y  o f its  le a f  m arg in , w hich seem s to  be u n iq u e  an d  e v o lu tio n a ry  
very  im p o r ta n t w ith in  th e  genus. T he aim  o f his fu r th e r  s tud ies will be a fu ll 
rev ision  o f  th e  A frican  Syrrhopodon  a n d  Calymperes species. T he lim ited  
n u m b e r o f  species belonging  to  o th e r genera was or w ill b e  rev ised  b y  o th e rs  
(C alym peropsis b y  T i x i e r , 1967, T h yrid iu m  by N o w ak?).
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Syrrhopodon insu larum  B izot et O nraedt
(Figs 1— 14)

This species w as recen tly  described from  th e  Seychelles ( B i z o t , 1976) 
an d  th e  p resen t A u th o r recognized i t  from  o th e r  collections too , as from  th e  
m ate ria ls  o f th e  B r o t h e r u s  H erbarium  (H elsink i, H B R ), collected in th e  
Seychelles and  am ong  o u r m ateria ls  (E G R ) co llected  by  PÓCS in  E a s t A frica. 
B r o t h e r u s  d istin g u ish ed  th e  Seychelles specim en, as a new  species on th e  
h e rb a riu m  label (S . divergens nom . herb .), b u t  never described  it.

Syrrhopodon insu larum  is a tip ical m em b er of th e  C avifolii Section, an d  
th e  only one, w hich occur in  E a s t A frica. I t s  d is tr ib u tio n  in  th e  M ascarenes, 
M adagascar and  in th e  U luguru  M ounta ins underlines again  the  old links 
betw een  these  m o u n ta in s  and  th e  E a s t A frican  Islands (cf. PÓCS, 1975). 
I ts  know n to ta l d is tr ib u tio n  is (see Fig. 28):

R eun ion  — R éserve fo restiè re  de la  M are L ongue p rè s  de St. P h ilippe , su r les a rbres d ’une 
fo ret p rim aire  dégradée hum ide , 200 m , 18. 12. 1969, On r a ed t  69 R  963 (type). 

Seychelles — M ahé, C assada M ts., leg. J .  S. Ga r d in e r , 1908 (H B R  — sub  nom ine Syrrhopodon  
divergens B ro th , nom . herb .).
— Ile M ahé, fo re t du  M orne B lanc sur bois p o u rri en sousbois, 23. 1. 74, On r a e d t  
4 S 109.

M adagascar — Ad ligua  p u tr id a . Cerele Me on B a ra , sec teu r d ’Iv o n d ro , poste  de Soaram o. 
leg. Croll , 1900, ex  H erb . G. Paris (H B R  — se p a ra ted  from  th e  Syrrhopodon sparsus 
R . e t C. m ateria l).

T an zan ia  — U luguru  M ts., S u b m o n tan e  ra in  fo res t on  th e  SE slope of M t. T um bako , 1050 — 
1390 m , coll.: T. P o e s  a n d  M. L u ng w echa , 6875/L , 6875/M, E G R , B P , DSM, EA.

On th e  base  o f  th e  observed  specim ens I  tr ied  to  com plete  the  desci-ip- 
tio n s o f th is  in te re s tin g  species: C onten ions, fo rm ing  dull green, inside brow nish  
m a ts , w hich fall easily  to  p a r ts . S tem  10—20 m m  long, densely  fo liated , n e a r  
th e  apex  branch ing , an d  n ea rly  in whole len g th  covered by  red  rh izo ids.T he u p p e r
5— 10, living leaves are  green, th e  low er ones brow nish  an d  b ru ised . T he u p p e r  
leaves, when d ry , a re  b e n t or curled, in w et cond ition  s tra ig h t p a te n t, 2.5 —3 
m m  long, 0.4— 0.5 m m  b ro ad , th e ir m arg ins sligh tly  incurved . T he low er 
leaves are sh o rte r an d  b ro ad er, when en tire . The shea th in g  p a r t is scarcely  
b ro ad er th an  th e  low er p a r t  of free lam in a , n a rro w  o b ovate , occupies 1/4—-1/3 
o f th e  whole lea f len g th . T he m argin of th e  sh ea th in g  p a r t  is arm ed by  sh o rt 
(12— 33 pm ), u n eq u a l, upw ards d irected , a c u te  tee th . T he b lade  is elongate- 
lanceo la te  or lig u la te -lan ceo la te , w ith  a sh o rt, m ucro n a te  apex .

T he hyaline  cells b o rd e r th e  b lade in  tw o  row s up  to  th e  apex  or n ear so. 
T he hyaline b o rd er a lm o st d isappears dow nw ards, near th e  f ir s t  ciliae form ing  
a 1 cell b road  m arg in , th a n  a t  th e  base o f th e  sh ea th in g  p a r t  again  in to  a 4 —5 
cells b ro ad  bo rder. T he hya lin e  border in  its  w hole leng th  is 1 cell layer th ick . 
T he m idrib  is 50 p m  b ro a d  a t  its  base, u p w ard s  g rad u a lly  ta p e rs  off, b ackside  
sm ooth  or w ith  sc a tte re d , b lu n t papillae. T h e  v en tra l face o f th e  b lade m id rib  
is rough  by  th e  m am illose bulges of th e  covering  cells, w hich are slig h tly
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la rg e r th a n  th e  lam ina  cells and  are  a rran g ed  in  lines. T hese em ergen t cells 
a re  n o t p resen t on th e  sh ea th  m id rib . T he cancellinae (endohyalocysts) a re  
a rran g ed  in  4— 5 row s on each side, g rea te r  along th e  m id rib  (45— 50 X 2 0 — 25 
pm ) n a rro w er and  sh o rte r n ea r th e  b o rd e r (35—4 0 x 1 0 — 12 pm ). T h e  c a n ­
cellinae accom pany ing  th e  m idrib  a re  e x c u rre n t in  th e  b lade , elongate  r e c ta n ­
gular. T he ch lorocysts of th e  lam ina  a re  7— 10 pm  in d iam ete r, q u a d ra te , 
re c ta n g u la r  or irreg u la r hexagonal. T heir do rsa l face sm oo th  or m inu te ly  p a p il­
lose, v e n tra l face m am illa te . S p o ro p h y te  unknow n . V eg e ta tiv e  rep ro d u c tio n

F igs 1 — 8. Syrrhopodon insularum  B izo t e t O n raed t 1 — 3: L eaves from  th e  up p er p a r t  o f th e  
stem . 4 — 6: Low er leaves. 7: T ran sv ersa l section  from  th e  m iddle  of an  u p p e r leaf. 8: P ro p a -

gules
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b y  clubshaped  p ro p ag u lae , w hich develop  on th e  u p p er th ird  of th e  m id rib , 
fo rm ing  sm all g roups or c lusters. The p ro p ag u lae  are  160— 180 p in  long, d iv ided  
in to  6— 10 sep tae , s im ila r to  th a t  of th e  o th e r  m em bers of th e  Section. A t th e  
sam e tim e , th e  a rra n g e m en t of p ro p ag u lae  m akes clear th e  generic position  
o f th is  species, exclu d in g  th e  possib ility  o f  a Calym peropsis. On th e  o th e r 
h an d , it  w as observed , th a t  th e  spherica lly  p ro tru d in g  cells on th e  v e n tra l

Figs 9 — 14. Syrrhopodon insularum  B izot e t  O n raed t. 9 — 12: C ancellinae (endohyalocysts) 
a t  th e  u p p e r p a r t  o f th e  sh ea th . 13: C ancellinae fro m  th e  leaf base. 14: C hlorocysts from  th e  

leaf b lade. A ll d raw n  from  P o es — L u n g w e c h a  N o. 6875/L, by  S. O r b á n
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face of m idrib  becom e easily  detached , p ro b a b ly  serv ing  also th e  pu rpose  of 
v eg e ta tiv e  p ro p ag a tio n .

O bservations: Syrrhopodon insu larum  differs in  severa l aspects from  th e  
W est A frican ciliferous species, likew ise from  th e  A sian  ones. T he m ost con­
spicuous fe a tu re , w ell observed  by  its  a u th o r , M. B izot to o , a re  th e  sphaeric , 
p ro tru d in g , d e tach ab le  cells a rranged  in lines on th e  v e n tra l surface of th e  m id­
rib . T he w est A frican an d  A sian species o f th e  section  (S . arm atus, S . afro- 
cilia tus , S . p a u c ifim b ria tu s , S. la rm ina tii an d  o thers) b e a r  e longa ted  q u a d ra n ­
gu la r cells a t  th e  sam e site , which are  n o t sphaerica lly  p ro tru d in g , b u t u sua lly  
possess a la rge  acu te  p ap illa , w hich in  m a n y  cases is p ro longed  in  a spine.

T he b ro ad  lam in a  an d  th e  hyaline  b o rd e r reaching  th e  ap ex  show a ffin ity  
to  th e  A sian species, on th e  o th e r h a n d  th e  cancellinae fa r  a d c u rre n t to  th e  
costa  is a fea tu re  com m on w ith th e  A frican  species. T h is m ean difference 
betw een  th e  species o f A frican  and  A sian C avifo lii was show n also by  p ic tu res  
by  P ó cs  an d  T i x i e r  (1967: 127, 129), w ho estab lished , th a t  all A frican 
C avifolii h av e  a d c u rre n t cancellinae, w hile som e of th e  A sian  m em bers o f th is  
section have  cancellinae, w hich end a b ru p tly  in  a rounded  g roup  n ear th e  b lade.

F u r th e r  d ifferences a re  th a t  th e  a d c u rre n t cancellinae n ear th e  m id rib  
end in  a group of e longate  q u ad ran g u la r cells, w hich are  o n ly  s ligh tly  sh o r te r , 
th a n  th e  o th e r endohyalocysts . A t th e  sam e tim e  th e  can ce llin ae  of o th e r  
A frican  Cavifolii end  in  p earllike  rows of ro u n d ed  cells, w h ich  g rad u a lly  d im in ­
ish ing  in  size (cf. figures o f P ócs an d  T i x i e r , 1967: 129). T h e  ciliae o f  th e  
sh ea th  b y  S . insularum  a re  m uch sh o rte r a n d  m ore u n eq u a l, th e n  b y  th e  re la ted  
species, an d  a re  very  rig id , and d irec ted  to w ard s th e  a p e x . T h e  ch lorocysts 
are  sim ilar in size to  th e  o th e r species o f th e  section , b u t  differ from  th e  
A frican  C avifolii n o t b ea rin g  papillae  a t  all, only  s ligh tly  m am illose on th e ir  
v e n tra l face. D ue to  th e  a lm ost sm ooth  cells th e  u p p er p a r t  o f lam ina  is t r a n s ­
lucen t. T he only from  th is  po in t of view , com parab le  A sian  C avifolii ta x o n  is 
Syrrhopodon la rm ina tii v a r . epapillosa  Pócs e t T ix ier, w h ich  also differs b y  
th e  a rran g em en t o f cancellinae and  by  th e  spinose m id rib  an d  lea f shoulder.

T he only  know n lo ca lity  of Syrrhopodon insularum  B izo t in E a s t A frica 
lies in  th e  n o rth  ea s te rn  p a r t  o f U luguru  M ounta ins. T he p la n t  is corticolous, 
in  a su b m o n tan e  ra in  fo rest developed b y  con tinons h ig h  ra in fa ll ro u n d  
3000 m m /y ear w ith o u t d ry  season. T he d o m in a n t trees a re  Ocotea usamba- 
rensis , M yria n th u s holstii, A llanblackia  stuh lm a n n ii and  Cylicomorpha parvi-  
flo ra . V ascu lar and  m icro -ep iphy tes are  a b u n d a n t (P ócs, 1976: 486). All W est 
A frican  m em bers of th e  C avifolii section  a re  tro p ica l ra in  fo res t dw eller or 
are liv ing by  sim ilar c lim atic  conditions. In  E a s t A frica low land  ra in  fo rest 
h a b ita ts  are  q u ite  seldom , re s tric ted  to  th e  ra in y , easte rn  slopes of th e  U sam - 
b a ra , N guru  an d  U lu g u ru  M ountains, p ro b a b ly  th is  is th e  reaso n , w hy re p re ­
sen ta tiv es  o f th e  C avifolii section are  so ra re  here  (personal com m unication  
by T. P ócs).
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Syrrhopodon stu h lm an n ii Broth. (F ig s 15 — 2 6 )

T his moss species w as described  by  B ro therus  in 1897 based  on th e  
m a te ria l collected b y  St u h l m a n n  u n d e r N o. 8809 from  th e  U luguru  M ts. in 
T a n g a n y ik a , E a s t A frica. T h e  m oss w as n o t collected fo r m ore  th a n  70 y e a rs , 
u n til  T . PÓCS carried  o u t a d e ta iled  v eg e ta tio n  m app ing  an d  system atic  col­
lec tin g  in  th e  m o u n ta in s , an d  co llected  i t  from  so m an y  localities, th a t  th e  
d esc rip tio n  could be com pleted  an d  a com prehensive p ic tu re  o f th e  d is t r i ­
b u tio n  of th is  in te re s tin g  endem ic species could be d raw n . (Three of th e se  
localities were pub lished  in  P ócs— B izot , 1974: 421).

As com pared  to  th e  orig inal diagnosis o f th e  species ( B r o t h e r u s , 
1897: 240) the  au th o r, s tu d y in g  th e  rich  m ate ria l, has o b se rv ed  m any  in te re s t­
ing  m orphological fea tu re s , w hich w ere n o t inc luded , especia lly  concerning th e  
sp o ro p h y te  and  th e  a n a to m y  of le a f  m arg in . T herefo re  a new , m ore co m p le te  
d esc rip tio n  is given:

Dioicus. Form s la rge , dense D icranum  like cush ions and  m ats up  to  
20 cm  th ickness and  covering  som etim es several sq u a re  m etres  o f  surface. 
T h e  cushins ou tside are  v iv id  green in fresh , d a rk  green w hen d ry , inside ru s ty  
b ro w n , in terw oven  by  rh izo id s .T h e  stem  is 3 — 20 cm long, e rec t, densely  covered  
b y  D icranum  like, fa lca te  leaves w h ith  sh iny , w h ite  sh e a th s , and  b y  red d ish  
b ro w n  rhizoids, sim ple or d icho tom ously  b ran ch ed  below  ap ex . I ts  low er p a r t  
g rad u lly  dies off and  m erge in a p e a t like s tu f f  form ed b y  th e  lifeless sh o o t 
p a r ts .  T he leaves a re  10— 12 m m  long, 0,3 m m  b ro ad  in  th e ir  u p p e r an d  0 .8— 
1 m m  broad  a t th e ir  low er p a r t ,  fa lca te , rigid; p a te n t w hen  d ry , u n ila te ra lly  
b e n t  in w et conditions, th e ir  b lade  n a rro w  linear. The le a f  m arg in  is s tro n g ly  
th ic k e n e d , in cross sec tion  ro u n d ed , 35— 40 pm  in d iam e te r  along th e  b lade  
a n d  130— 150 p m  b ro ad  on th e  sh e a th . In  its  tra n sv e rsa l section  sev era l 
lay e rs  of stere id  cells a re  seen covered by  a one layered  ep iderm is and w ith  
co n d u c tin g  cells of m ore spacious lum en  in  th e  m ed ian  line. (See 19—21, 
24— 26 F igures.) T he sh o u ld er o f th e  sh e a th  is densely  c ilia te , th e  m arg in  o f 
th e  b lade is d e n ta te  w ith  doub le  te e th  in its  upper half. T h e  m idrib  is v e ry  
v igorous, 160 pm  b ro ad  a t  th e  base , upw ard s ta p e rin g  o ff  an d  ab o u t 35 p m  
w here  ends in  th e  apex . T h e  b ack  o f m id rib  is covered b y  b lu n t pap illae . 
T h e  cancellinae form  a tr ia n g le  w ith  its  apex  p e n e tra tin g  in  th e  b lade. T h e  
endohy alo cy sts  are  sh o r t q u a d ra n g u la r , 3 6 x 1 3  pm  large , along th e  m id rib  
so m ew hat longer. T he ch lo ro cy sts  are ro u n d ed  q u a d ra n g u la r , sm all, 8 p m  in  
d iam e te r , o rn a ted  by  b lu n t  verrucose  p ap illae  (see F igs 19, 20, 24). T h e  spo- 
ro p h y te s  develop q u ite  o ften . T h e  capsu le  is ob long-obovate , 3 m m  long, e rec t 
(see Fig. 19), sh iny  ru s ty  b row n, its  sho rt, ta p e rin g  neck w ith  severa l 
s c a tte re d  s to m a ta  (see F ig . 22) o f  th e  p h an ero p o r ty p e . T h e  se ta  is 10— 15 m m  
long , sm ooth , sh iny , b row n , tw is ted  in  d ry  cond ition . T h e  p eristom iu in  is 
sim ple , w ith  16 lin ear te e th , each  8— 10 se p ta te  (see F ig . 18). T heir u p p e r p a r t
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is pale yellow , low er brow nish, w ith  s tro n g ly  w a rty  surface. The ex o th ec iu m  
cells are  e longate  rec tan g u la r o r sex an g u la r (F ig . 23). The lid is e lo n g a ted  
conic (F ig. 26). T h e  ca ly p tra  is s tra w  co loured, cucu lla te , sm ooth, covers th e  
capsu le  in  its  w hole length. Sporae g lobu lar, 12 pm  in  d iam eter, m in u te ly  
w a rty  (see Fig. 17).

T he a u th o r  w ould  like to  la y  p a r tic u la r  stress on th e  leaf an a to m y , e sp e ­
cially  on th e  s tru c tu re  of th e  th ick en ed  b o rder, seen in  th e  tran sv ersa l sec tio n  
w hich show s a u n iq u e  s tru c tu re  w ith in  th e  genus according to  ou r p re se n t 
know ledge. D e m a r e t  and  L e r o y  (1947: 209— 211) d iv ided th e  su b g en u s 
Orthotheca in to  tw o  sections accord ing  to  th e ir  th ick en ed  m argins: th e  f i r s t  
one w ith  tr ia n g u la r  o r trapezoid  tra n sv e rsa l section  w ith o u t stereids, a n d  th e  
second w ith  p lu ria n g u la r  shape in  sec tion  w ith  in c rassa te  walled ste re id  cells. 
S tu d y in g  th e  tra n sv e rsa l leaf section  o f  S . s tuh lm ann ii, i t  becam e clear, th a t  
in its  th ick en ed , in  cross section ro u n d ed  b o rd e r, beside th e  o u th e r cell la y e r  
and  beside th e  s te re id s , th e re  are also ce n tra l co n duc ting  elem ents (see F ig . 
19— 21, 24— 26). In  th is  m anner th e  s tru c tu re  of th e  bo rder agrees w ith  th a t

Figs 15 — 21. Syrrhopodon stuhlm annii B ro th . 15: Capsule. 16: L id. 17: Spores. 18: P e ris to - 
m ium  te e th . 19: T ran sv e rsa l section from  th e  u p p e r  th ird  of an  average leaf. 20: D itto , fro m  
the  m iddle. 21: D itto , fro m  th e  leaf shea th  cen tre . — a: Cilia. D raw n  from  Poes—M w anjabe — 

S harm a No. 6579/E , by S. Orbán
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of th e  m idrib . T his fe a tu re  seems to  be an  im p o r ta n t  evo lu tionary  step  w ith in  
th e  subgenus Orthotheca. A lthough th e  le a f  b o rd e r  s tru c tu re  is th e  m ost d iffer­
e n tia te d  by  our species w ith in  th e  su b g en u s, m any  facts suggest, th a t  th is  
is a p rim itiv e  c h a ra c te r . Such evidences, as th e  m ostly  terrico lous m anner, 
v e ry  large  size (up  to  20 cm heigh t), th e  s to m a ta  on th e  capsu le  neck seem  
to  p ro v e  its  a rcha ic  c h a ra c te r  beside th e  endem ic occurrence in  c rista lline  
m assifs o f p recam b rian  age. I t  should be possib le , th a t  all sm all sized, ep ip h y tic  
species developed from  th is  archaic ty p e s  o f Syrrhopodon. S im ilar, in  cross 
sec tion  round  b o rd ered  species, as S. polytrichoides  from  New C aledonia an d  
S. croceus from  O cean ia  show sim ilar size an d  h ab it a lthough  here  lack  th e  
co n d u c tin g  e lem ents from  the  border.

On the  base o f th e  peculiar lea f b o rd e r  an a to m y  a new section  is p roposed  
fo r Syrrhopodon s tu h lm a n n ii, w ith in  th e  suhgenus Orthotheca: Sectio n ova  
Tricostatae. M argo foliis in  sections tra n sv e rsa lia  ro tu n d a ta , com positione 
co stae  sim ilis.

D is tr ib u tio n : E ndem ic  in  E a s t A frica , T anzan ia , in  th e  old c rista llin s 
m assivs of U lu g u ru  an d  N guru M o u n ta in s . In  the  U lugurus is d is tr ib u te d

F igs 2 2 — 36. Syrrhopodon stuhlm annii B ro th . 22: S tom a from  th e  capsule neck. 23: E x o th e - 
c ium  cells. 24: T ran sv e rsa l section from  th e  u p p e r  p a r t  of an average leaf. 25: D itto , from  th e  
m idd le  of the  h lade . 26: D itto , from  th e  sh e a th  cen tre . — a: cilia. D raw n  by  S. O rbán , from  

P o e s—M w a n j a b e  — S h a r m a  N o . 6579/E
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F ig. 27. D is tr ib u tio n  of Syrrhopodon stu h lm a n n ii in th e  U lu g u ru  M ts. (D raw n b y  T. P ó c s )
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F ig. 28. D istrib u tio n  of Syrrhopodon insularum  in th e  E a s t A frica and  th e  E a s t A frican  Islands

on ly  in the  n o rth e rn , m ore  hum id  p a r t  of th e  m oun ta in s , w here m any  localities 
are  know n, while on ly  one locality  w as d e tec ted  from  th e  N gurus, w here it  
m ig h t be also m ore w idesp read  (see F ig . 27).

T he collecting n u m b ers  are th a t  o f T . P ó c s . H e was often  accom panied  
b y  colleagues, a s s is ta n ts  and  friends. A ll specim ens w ere collected betw een  
A u g u st 1969 and  M arch  1973. (The e x a c t ty p e  loca lity  is n o t know n, because 
th e  ty p e  specim en b e a r on ly  th e  d a ta :  U lu g u ru  M ts., 1600 m a ltitu d e .)

U luguru  M ts. M t. L u p an g a  above M orogoro tow n , W  ridge 1850 —1900 m  — 6549/C; SW  
ridge  above M bete v illage, 1700 —1900 m — 6285/CF, CG; ridge betw een  L u p an g a  and  K inazi 
p e ak s , 1800 —1900 m — 6836/Q; SE and  S slopes o f M t. T um bako , N E  of K inole village, 1340 — 
1530 m — 6876/0. 6877/U ; S E , E , N E  and N slopes and  the  to p  of M t. B ondw a. S of Morogoro 
to w n , 1 6 0 0 -2 1 2 0  ш -  6 0 5 1 /B J, 6052/C, 6232/L, 6260/G, 6261/R , 6398/D, 6404/AA, 6526/AA, 
6535/H , 6574/C, 6578/G, JA , 6579/C, E , 6599/E , K ; v a lley  on  th e  N N E  slope of M agari peak , 
1500 — 1800 m  — 6296/W ; M lulu valley N E  ab ove  T angeni village, 1450 —1550 m  — 6558/K ; 
M t. K ifu ru  top , N o f B u n d u k i, 1980 — 2010 m  — 6915/S.

N guru  M ts. D u n em a ridge S of K w am an g a  v illage, above M honda Mission — 1400 — 
1500 m -  6398/D.
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Ecology: I t  grows only  in such m on tane  rain  fo rests  an d  in e lfin  forests, 
w here  th e  m ain an n u a l ra in fa ll is h igher th a n  3000 m m  an d  no d ry  season 
occurs, betw een a ltitu d e s  of 1340 and  2120 m etres. I t s  occurrence in large 
m asses is cha rac teris tic  in  th e  h igh  a lt i tu d e  m ossy fo rests  an d  in  th e  subalp ine  
e lfin  forests above 1800 m a ltitu d e , w here it  covers b y  a th ick  c a rp e t and 
b y  large cushions th e  g round  and  is ab le to  develop a fu r  on all p a rts  o f the  
trees . I t  was observed  10 tim es as te rrico lous, in 10 cases as corticolous, four 
cases on ro ttin g  wood an d  in  tw o cases on sm aller b ran ch es. S porophy tes were 
seen 8 tim es ou t of 26, b o th  on soil an d  on h ark . T he p la n t p lays an  im p o r ta n t 
role in the w ater in te rcep tio n  and  hum us fo rm ation  o f th e  m ossy ra in  forests.
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CHANGES IN THE PHYTOMASS AND 
PRODUCTION OF THE HERBACEOUS LAYER IN 
THE QUERCETUM PETRAEAE-CERRIS FOREST 

AFTER SELECTING BY FORESTERS*
By

M. P app

BOTANICAL IN STITU TE, KOSSUTH L. U N IV ER SITY , D EB R EC E N  

(R eceived J a n u a ry  25, 1977)

T he p ap er discusses th e  p ro d u c tio n  biological ex am in atio n s o f th e  p a r t  o f th e  
Quercetum petraeae-cerris fo rest s tan d  of th e  “ S ik főkú t P ro je c t”  research  area  ( J a k u c s , 
1973) in w hich th e  fo resters carried  o u t  selecting in S ep tem b er 1973, w ith  an  a im  of 
la te r  d e fo resta tion . A s a resu lt of opening th e  canopy  to  a considerab le  e x te n t, and  of 
th e  rem oval of th e  sh ru b  layer, th e  en v iro n m en ta l fac to rs  changed  strongly , especially  
th e  q u a n tity  of ra d ia tio n  reaching th e  herbaceous layer.

T he n u m b er o f  ind iv iduals in  th e  herbaceous lay er a n d  th e  changes in  its  cover, 
as well as th e  changes in  th e  q u a n tity  o f p h y to m ass and  p ro d u c tio n  — by  th e  exam ple  
o f th e  tw o d o m in a n t p la n t  species — are analysed  b y  m eans of a com parison w ith  th e  
corresponding  d a ta  o f th e  n a tu ra l forest.

I t  is s ta te d  t h a t  th e  num ber o f in d iv iduals and  th e  cover for 1 ha  increased 
6.0 — 6.5 tim es to  t h a t  occurring  in  th e  n a tu ra l fo rest, and  again  th e  q u a n tity  o f  p h y to ­
m ass and  p ro d u c tio n  increased  to  i ts  10 — 30 folds.

Acta Botanica Academiae Scientiarum Hungaricae, Tomus 23 ( 1 —2 ), pp. 179 — 192 (1977)

In troduction

In  S ep tem b er 1973, th e  foresters ca rried  o u t a selection  aim ing  a t  d efo re­
s ta tio n  in  a 10 ha  fo re s t p o rtion  belonging and  com ple te ly  co rresp o n d in g  to  
th e  in ten siv e ly  in v e s tig a te d  fo rest s ta n d  w ith in  th e  fram ew o rk  of th e  MAB 
p ro g ram  o f H u n g ary . In  th e  p re -cu t a rea , only  a b o u t a q u a r te r  o f th e  wood 
s ta n d  of th e  fo rest w as le ft to  ensure th e  n a tu ra l  reg en era tio n  of th e  fo rest 
b y  m eans of its  a co rn  crop. W hile in th e  n a tu ra l  fo rest th ere  a re  816 oak 
ind iv id u a ls  grow ing in  1 h a , th e  n u m b e r of trees in  th is  1 ha  area is 226 a t  
p resen t. T he average  d is tan ce  o f th e  tree s  from  one a n o th e r  has becom e ab o u t 
10 m  as ag a in s t a b o u t 3 m  average t r u n k  d istance  in  th e  n a tu ra l fo re s t. T he 
e s tim a te d  coverage o f th e  foliage d ropped  below  2 0 % , w hile  fo rm erly  i t  h ad  
been  79 .9%  (Ma j e r , 1974, J ak ucs— H o r v á t h — K á r á s z , 1975). In  th e  sh rub  
lay er of th e  selected  fo re s t th e re  rem ained  only  som e sp ro u t in d iv idua ls, w hich 
in  i tse lf  m eans a considerab le  s tru c tu ra l d ifference in  com parison  w ith  th e  
rich  sh ru b  lay e r o f  th e  n a tu ra l  fo rest (KÁRÁSZ, 1976).

T he sudden  an d  d ra s tic  a lte ra tio n  o f th e  s tru c tu re  o f th e  n a tu ra l  fo rest 
ecosystem  com pletely  u p se t th e  re la tiv e ly  p e rm an en tly  s tab le  fu n c tio n in g

* “ S ik főkú t P ro je c t”  No. 26.
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o f  th e  ecosystem . In  th e  herb aceo u s lay er o f th e  closed n a tu ra l fo rest, p h y to ­
m ass an d  production  in v es tig a tio n s  had  been carried  o u t co n tin u a lly  since 
1973. In  th e  second y e a r  follow ing th e  selection , th e  in v es tig a tio n s  w ere 
e x te n d e d  to  th e  herbaceous la y e r  o f th e  neighbouring  p re -cu t fores too .

I t  w as by th is m eans th a t  we w an ted  to  o b ta in  d a ta  on th e  reac tio n  of 
th e  u n d erg ro w th  of th e  re m a in in g  fo rest, w hich h ad  been d ep riv ed  o f a con­
s id e rab le  p a r t of its  p h y to m a ss  and  p rim ary  p ro d u c tio n , to  th e  changed  en v i­
ro n m e n ta l effects accom pany ing  th e  changes in  s tru c tu re . A m ong th ese  effects 
th e  cessa tion  of the  ra d ia tio n  screening effect o f th e  closed fo rest can  he ju d g ed  
as th e  m ost im p o rtan t. N am ely , th e  q u a n ti ty  o f th e  sh o rt an d  long-w ave ra d ia ­
tio n  can  p en e tra te  a lm ost w ith o u t obstac le  in to  th e  s ta n d  w hich  has been 
th in n e d  an d  deprived even o f  its  sh ru b  layer, th is  causes com plete ly  d ifferen t 
eco logical conditions for th e  herbaceous species w hich h ad  assim ila ted  to  th e  
sh a d e d , sligh tly  m esophyl ecological cond itions o f th e  fo rest.

W e are also certa in  th a t  th e  causes o f  th e  changes to  he described  below 
sh o u ld  be  found, besides th e  m icroclim atic  changes in d ica ted  above, in  th e  
fa c t th a t  owing to  th e  th in n in g  o f  th e  trees and  th e  d isap p earin g  of sh rubs, 
th e  soil an  organic m a tte r  o f th e  fo rest ecosystem , w hich had  been in equ ilib rium  
fo r m a n y  years, has becom e v ir tu a lly  im m ed ia te ly  usab le  for th e  herbaceous 
la y e r .

O u r investiga tions a re  re la te d  to  th e  second y ea r follow ing th e  in te r ­
v e n tio n , th a t  is, to  1975. S ince th e  in te rv e n tio n , w hich h ad  been begun, has 
been  s to p p ed  for a long tim e  —  for th e  very  reason  of in v es tig a tin g  th e  changed 
co n d itio n s  —  we in ten d  to  re p e a t ou r p re sen t su rv ey  a t  a la te r  tim e  too .

H ere  we m ention  t h a t  1975 in its  c lim atic  n a tu re  w as re la tiv e ly  w arm  
(y e a r ly  average 10.7 °C) a n d  rich  in  m o istu re  (yearly  a m o u n t 714 m m ). 
W a rm in g  up a t sp rin g -tim e  s ta r te d  v e ry  early  (F e b ru a ry : 0.7 °C, M arch: 
7.9  °C), and  again th e  p e rm a n e n t w arm  w ea th e r ceased on ly  by  th e  end of 
S e p te m b e r. P rec ip ita tio n  a p p ea red  d e fin ite ly  in  th e  m idsum m er m axim a 
(show ers, storm s) (Ju n e : 145.8 m m , J u ly :  114.3 m m , A u g u st: 97.5 m m ) and  
w e observed  on ly  a v e ry  sm all (a q u a rte r  of a fifth ) m ax im um  in M arch and 
in  O cto b er. T he early  s tro n g  w arm ing  up, th e  re la tiv e ly  sm all q u a n ti ty  of 
p re c ip ita tio n  in spring, an d  th e  w arm  period  w ith o u t p re c ip ita tio n  in S ep tem ­
b e r, as well as the  w arm  m oist w ea th er in  sum m er, in  com parison  w ith  th a t  
o f  th e  tw o previous years o f  a d ifferen t c lim atic  n a tu re , becam e expressed also 
q u a n ti ta t iv e ly  in th e  changes o f  p h y to m ass and  p ro d u c tio n .

Sam pling

T he description of th e  m e th o d s  of h a rv es t an d  th e  m onolith ic  m eth o d , or th a t  o f th e  
in d iv id u a l p lan t sam pling, h a d  been  given earlier ( J akucs — P a p p , 1974). T he m eth o d  of re ­
co rd in g  th e  species coun t th e  n u m b er o f ind iv iduals a n d  th e  coverage d a ta  necessary  for th e  
reca lcu la tio n s  per ha was also s im ilar to  th a t  app lied  in th e  herbaceous lay e r o f th e  n a tu ra l
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ecosystem : we c o u n te d  in  10 random ly  m ark ed , 4 x 4  m  areas. W e considered th e  10 tim es 
rep e titio n  of th e  co u n ts  enough, because th e  herbaceous p la n ts  in  th e  area closed im m ed ia te ly  
and app eared  no lo n g er in m osaics b u t ap p ro x im ate ly  in  a hom ogeneous arrangem enet.

The d e ta iled  seasonal phy tom ass ex am in a tio n s  were m ade  for two species, D actylis  
polygam  a and  Poa nem oralis, since in our e s tim a tio n  these  tw o species can give 70 — 8 0 %  o f 
the  p h y to m ass or p ro d u c tio n  of the  a rea  (in th e  n a tu ra l fo res t th ey  give 48 — 55% , acco rd ing  
to our m easu rem en ts). In  th e  case of D actylis polygam a, we applied  the  in d iv idua l p la n t 
m eth o d , w hile th e  sam p les o f Poa nemoralis w ere collected b y  h a rv estin g  or m onolith ic  sa m ­
pling . In  b o th  of th e  a rea s, the  sam ples w ere tak e n  a t id en tica l p o in ts of tim e.

R esults and  discussion

Changes in the specimen and the cover conditions

In  a co m p ariso n  betw een th e  tw o  areas (n a tu ra l fo rest and  se lec ted  
forest), it can be  im m ed ia te ly  s ta te d  th a t  u n d e r th e  effect o f th e  ch an g ed  
en v iro n m en ta l fa c to rs  th e  herbaceous la y e r  in  th e  th in n e d  forest has co m ple te ly  
overgrow n th e  soil surface. The m osaic herb  layer, corresponding  to  th e  ligh t 
conditions w hich is charac teris tic  o f th e  n a tu ra l closed fo rest, has com ple te ly  
tran sfo rm ed  d u rin g  th e  tw o v eg e ta tio n a l periods. T he sh o rt period th a t  h as  
elapsed is n o t y e t  enough  to  check th e  changes in  species com position , th e re ­
fore we p resen t f i r s t  th e  changes th a t  ensued  in th e  n u m b er of in d iv id u a ls  
in th e  various species an d  in th e ir  cover (T able  1).

I t  can he seen from  th e  T able  th a t  ag a in st 1 539 187 ind iv iduals p er ha  
in  th e  n a tu ra l  fo re s t, 9 774 600 p la n t in d iv idua ls in  1 ha could be co u n ted

Table 1

N um ber o f  in d iv idua ls and cover o f  the herbaceous layer per 1 ha o f  the closed ( A )
and selected ( В )  forest

Species
Spec imens Cover (per cent)

A B A В

Carex michelii 89 782 148 438 5.7 12.9
Carex montana 68 866 519 750 3.5 29.5
Chrysanthemum corymbosum 76 3 312 0.1 3.4
Dactylis polygama 39 310 309 938 4.1 29.0
Festuca heterophylla 25 417 149 563 1.0 9.0
Fragaria vesca 2 293 16 937 0.7 5.0
Galium schultesii 13 347 92 937 4.0 19.2
Lathyrus niger 912 3 437 0.7 2.9
Lathyrus vernus 199 8 000 0.3 5.1
Melica uniflora 302 806 390 000 3.9 6.5
Poa nemoralis 975 832 7 971 500 6.6 50.8
Other 20 347 160 788 1.4 29.8

s 1 539 187 9 774 600 32.0 203.1
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in th e  p re -c u t fo rest. T h e  la tte r  v a lue  is 6.35 fold o f th e  form er. T h e  cover of 
th e  herbaceous lay e r o f th e  selected fo re s t changed  to  a s im ila r e x te n t. I t  
becam e 6.39 tim es g re a te r  (203.1% ) th a n  th e  value m easured in  th e  n a tu ra l 
fo rest (31 .8% ).

In  a com parison  betw een  th e  n u m b e r  o f ind iv iduals and  cover d a ta  o f 
th e  v a rio u s species in  th e  tw o areas, th e  fo llow ing inferences m ay  be  m en tioned : 
A m ong th e  recorded  11 species, th e  g re a te s t  difference in th e  n u m b e r of in d i­
v id u a ls  occurred  in Chrysanthem um  corym bosum  in th e  tw o areas. In  th e  selected 
fo re s t th e  in d iv id u a ls  o f th e  species m en tio n ed  was ab o u t 43 tim es g rea te r 
p er ha , an d  again  i ts  v a lue  of cover 57 tim es  grea ter. S im ilarly , th e  n u m b er 
o f in d iv id u a ls  o f L a th yru s vernus w as a b o u t 40 tim es g rea te r, w hereas its  
cover va lu e  increased  only  to  20 fold. T h is m ay  im ply  th a t  for th e  increase in 
L a thyrus vernus th e  changed  su rro u n d in g s w ere fav o u rab le  — a t  least in th e  
f ir s t  y ea rs  —  w hile a t  th e  sam e tim e  i t  developed  a m u ch  sm aller ass im ila to ry  
su rface  th a n  in  th e  closed forest. I t  shou ld  also he m en tio n ed  th a t  h a rd ly  an y  
ch an g e  occurred  in  th e  num ber o f in d iv id u a ls  an d  cover va lues o f M elica  
un iflo ra  ( th e  n u m b e r o f ind iv iduals p e r h a  is 1.29, its  cover 1.65 tim es g rea te r). 
S im ilarly , h a rd ly  an y  changes cou ld  b e  fo u n d  in  th e  Carex m ichelii values. 
B o th  species re sp o n d ed  to  th e  changes r a th e r  by  developing a la rg e r assim i­
la to ry  surface.

F in a lly , we also m ention th a t  in  th e  ca tego ry  of “ o th e rs”  th e  specim en 
n u m b e r increased  to  a m uch sm aller e x te n t  th a n  th e  coverage  value. T h is 
su p p o rts  ou r o b se rv a tio n , nam ely  th a t  in  th e  p re -cu t area p r im a rily  th e  sp e ­
cim en n u m b ers  o f  species increased w hose lea f area is of g rea te r  size —  m ain ly  
th a t  of d ico ty ledonous species (for ex am p le , Silene vulgaris, M elam pyrum  
nem orosum , S ym p h y tu m  tuberosum, C am panula  trachelium, T rifo lium  m edium , 
C ynanchum  vincetoxicum , etc.).

The evaluation o f  phytom ass and production  as well as certain related indices, 
on the basis o f  the two test species

D actylis polygam a

T he p h y to m ass  d a ta  per 1 ha  in  a breakdow n o f th ree  frac tio n s in  b o th  
th e  closed an d  th e  selected fo rest a re  sum m arized  in T able  2 and  illu s tra ted  
in  F ig . 1.

In  th e  case o f th e  above-ground  liv ing  fraction , a course o f changes w ith  
tw o  m ax im a  can  he experienced in  b o th  areas. T he f irs t m ax im u m  ap p eared  
in th e  closed fo res t in  the m iddle o f J u ly ,  th e  second tw o m o n th s  la te r, in  th e  
m idd le  o f S ep tem b er. In  the  herbaceous lay e r of th e  th in n ed  fo rest, th is  species 
gives a sm aller m ax im um , as ea rly  as th e  end  of M ay, w hile th e  second m ax i­
m um  w hich rep resen ts  a g rea ter v a lue  o f b iom ass, sim ilarly  to  th e  closed fo rest,
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appeared  w ith  a tw o -m o n th  delay , b y  th e  end of J u ly . T he value of th e  f irs t 
m ax im um  is 16 tim es g rea te r, th a t  o f th e  second m ax im um  27 tim es g rea te r, 
in  th e  th inned  fo rest.

The change o f  course o f th e  above-ground  dead  frac tio n  was also sim ilar 
in  th e  tw o areas. T h e  g rea te s t p h y to m ass  values w ere m easured  a t  th e  sam pling  
a fte r  the sum m er m in im um  ap p earin g  in b o th  areas (in th e  closed fo rest in

F ig . 1. M onthly  changes in  th e  p h y to m ass  frac tions of D actylis polygam a  in  closed (A) and
selected (B ) fo rests — kgVha

th e  m iddle of J u ly , in  th e  th in n ed  fo rest in  th e  m idd le  o f  Ju n e ). T he ph y to m ass 
o f  th e  dead frac tio n  w as o f a value a b o u t 13 tim es g re a te r  in  th e  th in n ed  forest.

The roo t p h y to m ass  show ed a g rea te r  value in  th e  m idd le  and  a t  th e  end 
o f  th e  veg e ta tiv e  p erio d . In  th e  m idd le  of Ju ly  its  q u a n ti ty  was of a con­
siderab le  value in  b o th  areas, th a t  is 20.10 and  254.49 k g /ha , respective ly . 
T h e  firs t value (m easu red  in  th e  closed forest) is 13 tim es sm aller th a n  th e  
second.

In  the  case o f th e  above-g round  frac tion , th e  v a lu e  o f th e  y ea rly  p ro ­
du c tio n  (the d ifference betw een  th e  m axim um  an d  m in im um  p h y tom ass) 
w as calcu lated  th a t  th e  g row th  of th e  dead frac tio n , m easu red  up to  th e  tim e 
o f th e  m axim um  o f th e  liv ing  frac tio n , was also considered . T he co n cu rren tly  
decom posed q u a n t i ty  could  n o t be considered.

W hile th e  y e a rly  above-g round  p rodu c tio n  of D actylis polygam a  p lan ts  
grow ing in th e  closed fo rest was 19.39 kg /ha, and  again  its  und erg ro u n d  pro-
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d u c tio n  was 14.80 k g /h a , in  th e  area  w hich received  a g rea te r  q u a n t i ty  of ra d ia ­
tio n  we m easured 510.70 k g /h a /y ea r for th e  above-g round  p a r ts , and  178.7 
k g /h a /y e a r for th e  u n d e rg ro u n d  p a r ts . In  a com parison  th e  above-ground 
fra c tio n  value is 26 tim es , th a t  o f th e  u n d erg ro u n d  frac tio n  12 tim es g rea ter 
th a n  th e  corresponding values of th e  n a tu ra l forest.

Concerning th e  abo v e-g ro u n d  liv ing  frac tio n , we m easu red  th e  g rea test 
w eight increase p er d ay  in  M ay an d  Ju n e  (-(-0.021 g/m 2/day ) in  th e  closed 
fo rest, an d  again in M ay (-(-0.790 g/m 2/day ) in th e  th in n ed  fo rest. T he g rea test 
w eigh t decrease in d ic a tin g  th e  process o f decay  was m easu red  betw een th e  
tw o  la s t sam plings in  th e  closed fo rest (— 0.027 g/m 2/d ay ), w hile in  th e  
th in n e d  forest it  o ccu rred  m uch earlie r, in J u ly  an d  A ugust (— 0.662 g/m 2/day) 
(T ab le  3). One of th e  reasons of th is  is th a t  th e  high te m p e ra tu re  during  mid-

Table 2

M onth ly  dry weight data o f  the phytom ass fractions in  Dactylis po lygam a in  closed 
( A )  and selected ( B )  forests — kg/ha

A

Above-ground fractions Underground
fractionsliving dead

9.4 2.87 2.08 5.66 10.61
30.4 6.84 3.26 8.96 19.06
26.5 11.52 3.58 7.15 22.25
18.6 16.24 5.15 16.59 37.98

11.7 17.74 3.03 20.10 40.87
12.8 13.88 8.18 12.97 35.03
17.9 14.94 16.75 12.85 44.54

22.10 5.46 18.04 11.24 34.74

В

Above-ground fractions
Underground

fraction V

living dead

9.4 2.29 36.57 83.96 122.82
30.4 78.72 93.29 88.19 260.20
26.5 284.21 108.79 156.53 549.53
18.6 237.41 105.69 126.92 470.02

11.7 403.23 143.19 254.49 800.91
12.8 191.54 166.93 182.03 540.50
17.9 39.98 224.09 262.63 526.70
22.10 23.87 226.88 134.73 385.48
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Table 3

Productivity values o f  the phytom ass fra c tio n s in D actylis polygam a (g /m -day)  
in  closed ( A )  and selected ( B )  forests

A

Above-ground fractions
U nderground

living dead fraction

9.4— 30.4

21

+  0.019 +  0.006 + 0 .0 1 6

30.4— 26.5

26

+  0.018 +  0.001 -  0.007

26.5— 18.6

23

+ 0 .0 2 1 +  0.007 + 0 .0 4 1

18.6— 11.7

23

+ 0 .0 0 6 — 0.009 +  0.015

11.7— 12.8

32

— 0.012 + 0 .0 1 6 — 0.022

12.8— 17.9 

36

+ 0 .0 0 3 +  0.024 — 0 .0 0 1

17.9— 22.10

35

— 0.027 +  0.004 — 0.005

В

Above-ground fractions
U nderground

living dead
fraction

9.4— 30.4

21

+ 0 .3 6 4 + 0 .2 7 0 +  0.020

30.4— 26.5

26

+  0.790 +  0.060 +  0.263

26.5— 18.6

23

— 0.204 — 0.013 — 0.129

18.6— 11.7

23

+  0.721 + 0 .1 6 3 +  0.555

11.7— 12.8

32

— 0.662 +  0.074 — 0.226

1 2 .8 -1 7 .9

36

— 0.421 +  0.159 +  0.224

17.9—22.10

35

— 0.046 +  0.008 — 0.365
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su m m e r (Ju ly : 20.4 °C, A u g u st: 19.5 °C) an d  th e  dryness o f m idsum m er, -which 
can  accelerate  th e  p rocess o f decay , is to  a c e r ta in  e x te n t co m p en sa ted  in  th e  
closed  fo rest b y  th e  sh ru b  and  tre e  foliage.

T h e  values o f dead  frac tio n  p ro d u c tiv ity  in  th e  closed fo rest v a ried  
b e tw e e n  — 0.009 an d  + 0 .0 2 4  g/m 2/d ay , an d  ag a in  in  th e  th in n e d  fo rest be tw een  
— 0.013 and  + 0 .2 7 0  g /m 2/day .

T he grow th o f  th e  u n d erg ro u n d  frac tio n  in  th e  closed fo re s t w as th e  m ost 
s ig n if ic a n t betw een  M ay an d  Ju n e  ( +  0.041 g /m 2/day ), and  ag a in  in  th e  th in n e d  
fo re s t betw een J u n e  an d  Ju ly  ( +  0.555 g/m 2/day ).

T h e  exchange tu rn o v e r  ra te  (Od u m , 1960) was a lm o st id en tica l in  th e  
tw o  areas. The 92%  a n d  99%  aboveground  liv ing  frac tio n  v a lu es , re sp ec tiv e ly  
su g g est th a t  D actylis polygam a  carries over o n ly  a m in im um  q u a n ti ty  of green 
m a t te r  for th e  su b seq u en t v eg e ta tio n  period . T h e  dead fra c tio n  on th e  o th e r 
h a n d  rem ains s ta n d in g  for a longer perio d  ( tu rn o v e r  ra te :  88%  and  84% ) 
resp ec tiv e ly . The co rresp o n d in g  tu rn o v e r tim e  is 1.2 y ears  on th e  av erag e .

T h e  tu rn o v e r r a te  o f  th e  u n d erg ro u n d  p a r ts  p roved  to  be  th e  slow est 
(7 4 %  an d  68% ), re sp ec tiv e ly . T he tu rn o v e r tim es  correspond ing  to  th ese  va lu es  
w ere  1.4 and 1.5 y e a rs , respective ly .

T h e  values o f  th e  R o o t Im p o rta n c e  In d e x  ca lcu la ted  fo r th e  v a rio u s  
sam p lin g s  (St r u i k , 1965, St r u ik — B r a y , 1970) are  to  be fo u n d  in  T ab le  4. 
I n  b o th  areas, th e  im p o rtan ce  of th e  ro o t in  th e  to ta l  p h y to m ass  was th e  
g re a te s t  in  th e  period  o f th e  f irs t sam pling  (53 .55%  and  6 8 .36% , respective ly ). 
In  th e  fu rth e r  sam p lin g s, th e  values rem ain ed  below  50% , a n d  i t  w as on ly  b y  
th e  en d  of th e  v e g e ta tio n  period th a t  th e y  resum ed  an  increasing  tre n d  in  
b o th  areas.

Table 4

Changes o f  the root im portance indices o f  D actylis polygam a in  closed ( A )  and
selected ( B )  forests

S am pl­
ing

9.4 30.4 26.5 18.6 11.7 12.8 17.9 22.10

A (% ) 53.35 47.00 32.13 43.68 49.18 37.02 28.85 32.35

B ( % ) 68.36 33.89 28.48 27.00 31.77 33.68 49.86 34.95

Poa nemoralis

T h e d a ta  o f  th e  p h y to m ass frac tio n s p e r  1 ha  are g iven  in  T ab le  5 an d  
i l lu s tra te d  in Fig. 2. In  a com parison w ith  th e  w eight d a ta  p e r 1 ha of D actylis  
polygam a  discussed above  i t  is im m ed ia te ly  clear th a t  th e  w eight d a ta  of 
Poa nemoralis a re  g re a te r  b y  an  o rd e r o f  m ag n itu d e  p er u n it  area.
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T he above-ground  liv ing  phy to m ass frac tio n  in  th e  closed forest, s ta r tin g  
from  th e  low values a t  early  sp ring tim e an d  con tinu ing  w ith  rap id  changes 
shows a m ax im um  as early  as m id -Ju ly . A lthough  a t  th e  sam plings follow ing 
th is , th e  values are  low er, s till th e y  rep re sen t considerab le  p h y to m ass  th ro u g h ­
o u t. This m ax im um  in th e  th in n ed  fo rest is shown on ly  in  m id-A ugust. I ts  
values is on th e  o th e r  h an d  ab o u t 19 tim es  h igher th a n  th a t  m easured  in  th e  
n a tu ra l fo rest.

F ig . 2. M onth ly  changes in  th e  p h y to m ass frac tio n s o f Poa nemoralis in  closed (A) an d  se lec ted
(B) fo rests — k g /h a

I t  w as ch a ra c te ris tic  o f th e  course o f  changes in  th e  ph y to m ass o f th e  
above-ground  dead  frac tio n  th a t  even th re e  sm aller m ax im a w ere m easured  
du ring  th e  v eg e ta tio n  period  u n til th e  m ore  in ten se  increase in  au tu m n  s ta r te d . 
In  b o th  a reas , th e  m ain  m ax im a were m easu red  a t th e  tim e  o f th e  la s t sam pling  
and  th is  in  th e  th in n e d  fo rest was 34 tim es  g rea te r th a n  in  th e  closed fo rest.

T he q u a n titie s  o f th e  under-g round  p h y to m ass in  b o th  areas w ere th e  
g rea test in  spring  and  in th e  la te  sum m er m o n th s. T he m ax im u m  ro o t p h y to ­
m ass of th e  th in n e d  fo rest was 31 tim es g rea te r th a n  th a t  m easured  in  th e  
closed fo rest.

T he y ea rly  above-ground  p ro d u c tio n  o f P oa nem oralis  in  th e  closed 
fo rest was 119.53 k g /h a  and  in th e  se lec ted  forest 4055.11 kg /ha, th a t  is,
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Table 5

M onth ly  dry weight data o f  the phytom ass frac tions o f  Poa nemoralis in closed 
( A )  and selected ( B )  forests (kg/ha)

A

Above-ground fractions 

living dead

Underground
fraction £

9.4 37.74 26.28 115.68 179.70
30.4 63.27 19.87 97.45 180.59
26.5 89.09 32.85 131.07 253.01
18.6 115.57 31.93 124.73 272.23

11.7 78.84 23.65 124.51 227.00
12.8 81.50 31.90 136.11 249.51

17.9 72.34 30.62 85.54 188.50

22.10 68.39 37.65 81.47 187.51

В

Above-ground fractions
U nderground

fraction £
living dead

9.4 530.86 927.86 2361.63 3820.35
30.4 1359.62 1186.18 4289.60 1 6835.40
26.5 1799.84 870.20 2847.29 5517.33

18.6 1392.94 942.85 1787.42 4123.21

11.7 1620.52 620.27 1830.10 4070.89
12.8 2156.21 978.66 2717.14 5852.01

17.9 1349.76 834.64 2164.54 4348.94

22.10 1367.41 1267.97 2014.65 4650.03

34 tim es  greater. T he u n d e rg ro u n d  frac tio n  p ro d u c tio n , s im ila rly  as in  D actylis  
po lygam a , is sm aller th a n  th e  ab ove-g round  p ro d u c tio n  in  b o th  areas. In  th e  
closed  fo rest i t  is 60.58 k g /h a /y ea r, in  th e  th in n ed  fo rest 1927.97 k g /h a /y e a r 
( th e  la t te r  value is 32 tim es h igher).

T h e  p ro d u c tiv ity  v a lu e  expressing  th e  daily  g row th  (T able 6) fo r th e  
liv in g  frac tion  was th e  g rea te s t in  A pril in  b o th  th e  n a tu ra l  and  th e  th in n e d  
fo rests  (-1-0.122 and  + 3 .9 4 6  g/m 2/d ay , respec tive ly ). T he p ro d u c tiv ity  v a lu es  
o f th e  dead fraction  in th e  n a tu ra l fo rest changed  betw een  — 0.360 and  0.050 
g /m 2/d a y  in  th e  closed fo rest, an d  again  b e tw een  — 1.403 an d  + 1 .2 3 8  g/m 2/d a y  
in  th e  th in n ed  forest. T he g re a te s t da ily  ro o t p h y to m ass increase  in th e  closed 
fo re s t w as + 0 .1 3 1  g/m 2/d a y , an d  in  th e  open  area + 9 .1 8 1  g/m 2/day .

T h e  tu rn o v er r a te  o f th e  ab ove-g round  liv ing frac tio n  is low er th a n  
th a t  in  th e  case o f  D actylis polygam a  (88%  an d  75% , respec tive ly ). The t u r n ­
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over ra te  of th e  above-g round  dead  frac tion  changes also  a ro u n d  50% , in  b o th  
areas and  so it  is n ea rly  id en tica l w ith  th a t  o f th e  u n d erg ro u n d  p h y to m ass  
(44%  and  58% , respec tive ly ). A ccordingly  th e  tu rn o v e r  tim e  of th e  la t te r  
frac tio n s is ab o u t 2 years.

Table 6
Productivity  values o f  the phytom ass fractions in Poa nem oralis (g jm -jday) in closed

( A )  and selected ( B )  forests

A

Above-ground fractions
U nderground

living dead
fraction

9 .4 -3 0 .4

21

+  0.122 - 0 .0 3 1 -  0.087

30.4— 26.5

26

+ 0 .0 9 9 + 0 .0 5 0 + 0 .1 3 1

26.5— 18.6

23

+  0.115 — 0.004 — 0.028

1 8 .6 -1 1 .7

23

— 0.160 — 0.036 — 0.001

11.7— 12.8

32

+ 0 .0 0 8 +  0.026 + 0 .0 3 6

12.8— 17.9

36

— 0.025 - 0 .0 0 4 — 0.140

17.9—22.10

35

— 0.011 +  0.020 — 0.012

В

Above-ground fractions
Underground

fractionliving dead

9.4— 30.4 +  3.946 +  1.230 +  9.181

30.4— 26.5 +  1.693 — 1.215 — 5.547

26.5— 18.6 — 1.769 +  0.316 -  4.608

18.6— 11.7 +  0.989 — 1.403 + 0 .1 8 6

11.7— 12.8 +  1.674 +  1.120 +  2.772

12.8— 17.9 — 2.240 — 0.400 — 1.535

17.9—22.10 +  0.050 +  1.238 — 0.428

The ro o t im p o rtan ce  indices, calcu la ted  for th e  various sam plings, 
changed  sim ilarly  in b o th  areas du ring  th e  v eg e ta tio n  period . R oo t im p o rtan ce  
is th e  g re a te s t in  sp rin g tim e  also in th is  species. In  th e  fu r th e r  sam plings, 
we o b ta in e d  values g re a te r  th a n  50%  only in a few cases (T able 7).
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Table 7

Changes in the root im portance indices o f  Poa nemoralis in  closed ( A )  and
selected ( B )  forests

S am pl­
ing 9.4 30.4 26.5 18.6 11.7 12.8 17.9 22.10

'.ОO
'- 64.37 53.96 51.80 45.82 54.85 54.55 45.38 43.45

B ( % ) 61.82 62.76 51.60 43.35 44.96 46.43 49.77 43.33

Sum m ary

A p ortion  of ab o u t 10 ha o f a hom ogeneous stan d  of Quercetum petraeae- 
cerris fo rest (“ S ikfőkút P ro je c t” ) w as se lec ted  b y  foresters in  1973. A bou t 3/4 
o f  th e  trees were cu t (F igs 3 and  4) as w ell as rich shrub  la y e r  o f th e  forest. 
In  th is  area and in th e  a d ja c e n t we ex am in ed  the s tru c tu ra l an d  p ro duc tion  
ch an g es  parallel in  th e  tw o  d o m in an t species o f th e  herbaceous lay e r (D actylis 
p o lyg a m a , Poa nemoralis) d u ring  1975. W e in ten d ed  to  observe  th e  effects of 
th e  increased  q u a n tity  o f  ra d ia tio n  (changed  m icroclim ate) an d  th e  a b u n d a n t

F ig . 3. Section of the  Quercetum petraeae-cerris fo res t in th e  S ik főkú t P ro je c t research  area,
P h o to : P . J akucs
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anorganic su b stan ces ly ing p a r tly  unused  in  th e  soil on th e  herbaceous lay e r 
w hich had  been le f t re la tiv e ly  u n d is tu rb ed .

O ur re su lts  show  th a t  th e  n u m b er of in d iv id u a ls  o f  th e  herbaceous spe­
cies, and th e ir  cover value, d id  sa lien tly  increase im m ed ia te ly  a fte r th e  in te r ­
ven tion . W hile in  th e  n a tu ra l fo rest th e  coverage o f th e  herbaceous lay er was 
31% , i t  increased  above 200%  in th e  selected fo rest. S im ilarly , g rea t increase 
was m easured also in  th e  case of th e  specim en. T he q u a n ti ty  of p hy tom ass 
an d  p rod u c tio n , in  th e  case o f  th e  frac tions of th e  tw o  te s t  p lan ts  increased  
to  10— 33 folds. W hile  th e  to ta l  y ea rly  p roduction  o f  P oa  nem oralis in the  
closed forest w as, for exam ple, 180 kg /ha  in  th e  selected  fo rest, th is  increased 
to  5983 kg /ha  (increased  33 tim es!).

The resu lts  show  th a t  in  th e  fo rest, a b ru p tly  d ep riv ed  of its  foliage and  
sh rub  layer, th e  h e rb  layer a tte m p ts  to  tak e  over p a r t  o f th e  tu rn o v e r role of 
th e  organic m a tte r  in  th e  years a fte r  th e  in te rv en tio n . O w ing to  th is , its  p h y to ­
m ass and  p ro d u c tio n  a b ru p tly  increase to  th e ir  m an y fo ld . I f  in  th e  la te r  
years th e  pow erfu l shooting  an d  regeneration  o f th e  tre e s  an d  shrubs s ta r t ,  
th e y  p ro b ab ly  reg a in  th is  role from  th e  herbaceous lay e r, th u s  c rea ting  g ra d ­
ually  th e  specific tu rn o v e r  o f  th e  forest. I f  on th e  o th e r  h an d  —  owing to

Fig. 4. Section o f th e  selected  fo res t s ta n d  ad jacen t to th e  re sea rch  area . P ho to : A. H e v e s i
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som e reason —  th e  re fo re s ta tio n  does n o t ensure, the herbaceous species, 
w hich  otherw ise h av e  an  ecological d em an d  for a closed fo rest, w ould  g radually  
be forced  back and  y ield  g round  fo r in d iffe ren t or for u b ig u ito u s w eed species. 
T he soil would rap id ly  becom e p o o r in  n u tr ie n t supp ly , hom ogenized and  
q u a lita tiv e ly  d ev a lu a ted .
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NICHE STUDIES ON SOME PLANT SPECIES OF A 
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SEA SO N A L N IC H E  DYNAM IC 
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(R eceived F e b ru a ry  2, 1977)

In  th e  f irs t  pu b lica tio n , th e  a u th o rs  sum m arized  th e  re su lts  of th e ir  in v es tig a ­
tions carried  o u t in th e  sum m er of 1976, by  com paring  th e  v a lu es ob ta in ed  on th e  basis 
o f various n iche-m easu rem en ts . T he p re sen t s tu d y  proposes an  analysis o f th e  ex am in ­
a tions m ade  in  th e  a u tu m n  of 1976, th en  a com parison be tw een  th e  sum m er and  a u tu m n  
resu lts . T he au tu m n  m easurem en ts were also carried  o u t w ith  re g ard  to  two niche axes 
(th e  soil m oistu re  co n ten t and  th e  d ep th s of m axim um  ro o t m ass, in connection  w ith  
space u tiliza tio n ) an d  are  re la ted  to  9 species.

In  th e  soil m oistu re  c o n ten t axis, th e  niche b re a d th  o f Festuca vaginata, p re ­
d o m inating  in  th e  association , is th e  g re a te s t b o th  in sum m er and  au tu m n . T he niche 
b re ad th  f lu c tu a tio n  of sum m er and  a u tu m n  is stro n g er in  th e  ro o t-d ep th  axis th a n  in 
th e  o th er one. In th e  case o f a good w a ter su p p ly  of th e  soil in th e  a u tu m n , th e  value  
of th e  average overlap  increases; i t  is n o t likely , how ever, t h a t  th is  w ould express th e  
increasing  com petition .

In  th e  tw o-d im ensional niche space ( th e  com binations o f th e  categories o f th e  
two facto rs), all th e  overlap  indices resu lt in  a lower value  th a n  if considered sep a ra te ly  
on th e  va rio u s fac to r axes. A ccording to  th e  co m m u n ity  m a tr ix , th e  com m unity  effect 
is th e  g re a te s t in  re la tio n  to  th e  species (Festuca) c o n stitu tin g  th e  com m unity . The a d ­
v e n titio u s  Cynodon  has th e  g rea tes t species effect. The tw o k in d s of effect a re  u n d e r 
th e  influence o f stro n g  seasonal f lu c tu a tio n  in  th e  case of m o st of th e  species. In  th e  
tw o-dim ensional niche space, th e  ecological iso lation  of F um ana  procumbens is o f th e  
g rea tes t e x te n t:  i t  has no effect on  th e  co m m u n ity , nor has th e  com m unity  on  it.

In  our p reced ing  pub lica tio n , a f te r  a general in tro d u c tio n  and  a co m p ar­
ison betw een , th e  n iche indices ( F e k e t e  e t al., 1977), we sum m arized  our 
n iche in v estig a tio n s carried  ou t in  sum m er, 1976 (Ju n e  8). In  our p resen t 
p ap er we describe our a u tu m n  n iche in v estig a tio n s and  com pare  th e  sum m er 
and  a u tu m n  resu lts  (S ep tem ber 9, 1976).

T he ex am in a tio n s w ere m ade in th e  sam e area, w ith  iden tica l m ethods, 
as has been described  in  ou r p receding  p ap er. T he species exam ined  w ere also 
id en tica l ( Festuca vaginata , Medicago m in im a , T hym us sp ., Euphorbia seguie- 
riana , Carex stenophylla , F um ana procum bens , E quisetum  ram osissim um , 
Cynodon dactylon, Centaurea arenaria) w ith  one excep tion , nam ely  M in u artia  
did occur th a t  we h ad  to  leave i t  o u t o f ou r inv estig a tio n s.

T he categories of soil m o istu re  co n te n t and  roo t d e p th , as well as th e  
frequency  o f species in  th e  various ca tegories, a re  given in  T ab les 1— 3 (3 d a ta
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T ab le  1

The frequency  o f  species in  soil moisture categories

mS j

Species
0.4 — 0.7 0.8 -  1.1 1 .2 -1 .5 1.6 -  1.9 2.0 - Sum

Festuca 8 10 6 4 0 28
Medicago 2 8 5 2 0 17
Thym us 1 7 4 2 0 14
Euphorbia 0 1 6 5 1 13
Carex 0 3 5 3 0 11
Fum ana 0 0 3 6 1 10
Equisetum 1 0 3 5 0 9
Cynodon 0 0 3 4 1 8
Centaurea 1 0 3 2 1 7

Sum 13 29 38 33 4 117

T ab le  2

The frequency o f  species in  root depth categories

cm

Species
2.0 — 3.9 4.0 — 5.9 6.0 7.9 8.0 — 9.9 10.0 Sum

Festuca 13 12 2 l 0 28
Medicago 13 3 9 0 0 18
Thym us a 2 l 0 0 14
Euphorbia 0 6 3 3 l 13
Carex 7 4 l 0 0 12
Fum ana 0 1 2 4 4 11
Equisetum 1 2 2 3 1 9
Cynodon 0 1 5 1 1 8
Centaurea 1 1 3 2 o 7

Sum 46 32 21 14 7 120

w ere  excluded of th e  soil m o istu re  c o n te n t m easu rem en ts because th e y  w ere 
n o t  reliable).

W e applied  th e  evenness fu n c tion , H orn  index , th e  non-w eighted  and  
th e  w eigh ted  and  th e  w e ig h ted  S c h o e n e r  in d ex , as well as L e v i n s ’s fo rm ulas; 
th e ir  sym bols are id en tica l w ith  those  used  in  th e  p reced ing  paper.

In  add ition , we also p re sen t th e  “ d ” values and  th e  re su lt of th e  D -anal-
ysis.
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Table 3

The frequency distribution o f  the species in  the categories o f soil moisture and
root depth

fő
O'LO

Species <N

Festuca 6 2

Medicago 1 1

Thym us 1
Euphorbia

Carex

Fum ana

Equisetum 1
Cynodon

Centaurea 1
Sum 10 3

0.8 - 1 . 19 1.20 -1 .59 1.60- 1.99 .0
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The results o f  th e au tu m n  exam in ations

Soil moisture content
N iche breadth

On th e  basis o f all indices, th e  g re a te s t va lue  o f  n iche b re a d th  belongs 
in  Festuca  (T ab le  4), and  again th e  sm alle s t in  F um ana . T he  n iche b re a d th  o f 
E quisetum  an d  Cynodon  is narrow , too.

Table 4

N iche breadth 
Soil moisture

Species C  .,- ; w H i B i

Festuca 0.9554 (1) 0.8287 (1) 3.6298 (1)
Medicago 0.9272 (2) 0.7568 (3) 2.9797 (3)
Thym us 0.9055 (3) 0.7276 (4) 2.8003 (5)
Euphorbia 0.8686 (5) 0.6952 (5) 2.6831 (6)
Carex 0.8859 (4) 0.6630 (6) 2.8145 (4)
F um ana 0.7231 (9) 0.5580 (9) 2.1739 (9)
E quisetum 0.7882 (7) 0.5821 (8) 2.3143 (8)
Cynodon 0.7318 (8) 0.6054 (7) 2.4612 (7)
Centaurea 0.8620 (6) 0.7935 (2) 3.2658 (2)

In parentheses the rank numbers.
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Root depth

T he g rea test n iche  b re a d th  (in all th re e  ind ices) w as unam biguously  found  
in Equisetum  (T able 5). In  th e  o ther cases, th e  s itu a tio n  is n o t so unequ ivocal. 
I t  ap p ears  th a t  T h ym u s  a n d  Medicago possess h ere  th e  narro w est n iche b re a d th .

Table 5

Niche breadth 
Root depth

Species Ce, w H, Bi

Festuca 0.8555 (6) 0.6379 (6) 2.4655 (5)
Medicago 0.8490 (7) 0.4833 (8) 1.7803 (8)
Thym us 0.8468 (8) 0.4076 (9) 1.5557 (9)
Euphorbia 0.8599 (5) 0.7648 (4) 3.0731 (4)
Carex 0.8620 (4) 0.5515 (7) 2.1820 0 )
Fum ana 0.8772 (3) 0.7851 (3) 3.2712 (2)
Equisetum 0.9793 (1) 0.9462 (1) 4.2644 (1)
Cynodon 0.8295 (9) 0.6670 (5) 2.2857 (6)
Centaurea 0.9380 (2) 0.7935 (2) 3.2658 (3)

In  p a ren th eses  th e  ran k  num bers.

Combination o f  soil moisture, content and root depth

In  th e  case o f com bin ing  the  tw o c h a ra c te ris tic s , we ca lcu la ted  on ly  w ith  
non-w eigh ted  va lu es  (T able  6). The n iche b re a d th  o f Euphorbia  is th e  g re a te s t, 
th a t  o f Cynodon th e  sm allest (cf. Fig. 1).

Table 6

Niche breadth
The combination o f soil m oisture and root depth

Species H ; в ,

Festuca 0.6151 (3) 6.396 (2)
Medicago 0.6234 (2) 5.556 (5.5)
Thym us 0.5031 (8) 3.922 (9)
Euphorbia 0.6518 (1) 7.299 (1)
Carex 0.5492 (5) 4.878 (7)
Fum ana 0.5431 (6) 5.556 (5.5)

Equisetum 0.5869 (4) 6.329 (3)
Cynodon 0.4642 (9) 3.968 (8)
Centaurea 0.5430 (7) 6.173 (4)

In  p a ren th eses  th e  rank  num bers.
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F e s t u c a  v a g i n a t a M e d i c a g o  m in im a

F ig . la  — b

ig. 1. P osition  of th e  species in th e  system  of co-ordinates fo rm ed b y  th e  soil m o istu re  an d  
o t d e p th  axes. H a tch in g  p a tte rn  in d ica tes  frequency . For the  ra n g e  of categories see figure

of Festuca vaginata

1 0 .4 - 0 .7 9 ' Q 8 -1 1 9  '1 2 0 - 1 5 9 '1 6 0 - 1 9 9 '  2 .0 -  1 m S

T h y m u s  s p .

'0 4 - 0 . 7 9 '  Û 8 -1 .1 9  '1 2 0 - 1 5 9 4 6 0 - 1 9 9 '  2 .0 -  1 m £

E u p h o r b i a  s e g u i e r i a n a

F ig . lc  — d
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C a r e x  s t e n o p h y l l a P u m a n a  p r o c u m b e n s

F ig . l e —f

T he sequence a p p e a rin g  from  com bin ing  th e  tw o ch arac te ris tic s  shows 
h a rd ly  any sim ila rity  to  t h a t  ob ta ined  in  th e  case of th e  se p a ra te  characteristics 
( r rank =  0.65 c o m b in a tio n s  — soil m o is tu re  co n ten t; rrank =  — 0.13 com bin­
a tio n s  — root d e p th ). E uphorbia  lies in  a ro u n d  the m idd le  o f  th e  rank  w ith  
re g a rd  to  bo th  th e  soil m o istu re  co n ten t an d  th e  roo t d e p th ; Cynodon is fa irly  
n e a r  to  Euphorbia  (see colum n H t in T ab les  4 and  5). N o special weight can 
b e  a ttr ib u te d  to  an y  o f  th e  charac teristics.

F ig . Ig  h
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CT>

CM

1 <14-0.79'0.8 -иЭ 'и О -и Э Ч бО Л Э Э 1 2.0- 'm S  

Centaurea arenaria

F ig. l i .

Niche overlap
So il moisture content

A ccord ing  to  R hj an d  d, th e  g rea te s t overlap  v a lu e  was show n b y  th e  
species p a ir  M edicago-Thym us, while accord ing  to  th e  Chi and  Chi.w indices 
b y  th e  species p a ir  C ynodon-F um ana. T h e  m in im al overlap , accord ing  to  
Chi; Chi.w an d  d, appeared  in  th e  species p a ir  Medicago- F u m ana , while acco rd ­
ing to  th e  R hi m easure in  th e  species p a ir  M edicago-Equisetum  (Tables 7, 
8 and  9).

T ab le  7

Niche breadth and overlap values 
Soil moisture

Species Festuca Medi­
cago Thymus Euphor­

bia Carex Fumana
Equi­
setum Cynodon Centau­

rea

Festuca 0.8287 0.9643 0.9429 0.6970 0.8354 0.5689 0.7332 0.5912 0.7244

Medicago 0.7568 0.9947 0.7262 0.8924 0.5502 0.5080 0.5814 0.6885

Thym us 0.7276 0.7452 0.9130 0.5692 0.6726 0.5963 0.6688

Euphorbia 0.6952 0.9135 0.9332 0.8506 0.9529 0.8729

Carex 0.6630 0.7584 0.7691 0.7789 0.7198

Fum ana 0.5580 0.8931 0.9927 0.8808

Equisetum 0.5821 0.8798 0.8877

Cynodon 0.6054 0.9035

Centaurea 0.7935-

In  th e  m ain  d iagonal the  Л , values, in th e  sem im a trix  th e  R fг/ values.
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T ab le  8

N iche breadth and overlap values 
Soil moisture

Species Festuca Medi­
cago Thymus Euphor­

bia Carex Fumana Equi-
setum Cynodon Centau­

rea

Festuca 0.9554: 0.8065 0.7850 0.4335 0.6295 0.3570 0.4680 0.3570 0.4995

M edicago 0.8191 0.9272 0.8690 0.4880 0.6840 0.4115 0.5225 0.4115 0.5290

T h ym u s 0.7914 0.9536 0.9055 0.5055 0.7015 0.4290 0.5000 0.4290 0.4990
E uphorbia 0.3806 0.3701 0.3827 0.8686 0.8040 0.7615 0.7175 0.8365 0.7910

Carex 0.7348 0.7479 0.7605 0.6222 0.8859 0.5725 0.6055 0.6975 0.7010
F u m a n a 0.1462 0.1357 0.1482 0.7123 0.3735 0.7231 0.8560 0.9000 0.6855
E quisetum 0.3234 0.2436 0.2137 0.6809 0.3802 0.8168 0.7882 0.8330 0.7295
Cynodon 0.1469 0.1364 0.1490 0.7458 0.3885 0.9310 0.8235 0.7318 0.7855
Centaurea 0.4119 0.2428 0.2243 0.6535 0.3876 0.5367 0.7092 0.6890 0.8620

In  the  m ain  diagonal th e  C,; w v a lues; in th e  u p p e r sem im atrix  th e  C/„- an d  in th e  lower 
se m im a trix  the  C;„; tt, values.

T ab le  9

The euclidean distance (d )  between species

Species Festuca Medi­
cago Thymus Euphor­

bia Carex Fumana Equi­
setum Cynodon Centau­

rea

Festuca 0.657 0.445 0.928 0.713 1.075 0.896 1.045 0.897

M edicago 0.598 0.098 0.877 0.542 1.091 1.035 1.041 0.947

T h ym u s 0.556 0.073 0.874 0.533 1.073 1.033 1.030 0.974

E uphorbia 0.879 1.233 1.280 0.392 0.422 0.407 0.263 0.328

Carex 0.204 0.270 0.334 1.050 0.716 0.670 0.615 0.583

F um a n a 1.276 1.352 1.372 0.870 1.325 0.234 0.170 0.566

E quisetum 0.931 1.103 1.117 0.515 1.019 0.582 0.270 0.503

Cynodon 1.229 1.279 1.328 0.851 1.257 0.903 0.780 0.273

Centaurea 1.021 1.076 1.124 0.732 1.053 0.850 0.463 0.485

In  th e  u p p e r sem im atrix  th e  va lues of soil m o istu re , in th e  lower sem im a trix  th e  values 
o f  ro o t d ep th .

Considering th e  av erag e  overlap  values (on th e  basis o f R hi, Chi, Chi.w 
a n d  d ; see T ab le  10), E uphorb ia  s tan d s  a t  th e  f irs t place, Carex is n ea r to  it ;  
th e  overlap  of these  tw o species is g rea t w ith  th e  o th e r species. A t th e  o th e r 
end  of th e  series we fin d  Festuca  an d  M edicago , th e  overlap  o f w hich is sm all 
w ith  th e  o th e r species. I t  is in te re s tin g  to  observe th a t  F u m a n a  s tan d s  a t  th e  
s ix th  place accord ing  to  all th e  m easures.

The d is trib u tio n  o f th e  On- Chi]W’ R hi and  d  indices is given in T ab le  11. 
In d e x  Chi shows an alm ost id en tica lly  g rea t s im ila rity  in  th e  0.7 an d  0.4 classes,
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T ab le  10
Average niche overlap values o f  species 

Soil moisture content

Species Cm Сда “ Rki d

Festuca 0.5420 (9) 0.4693 (7) 0.7571 (8) 0.8320 (9)

Medicago 0.5902 (7) 0.4561 (8) 0.7382 (9) 0.7860 (8)
Thym us 0.5897 (8) 0.4529 (9) 0.7628 (7) 0.7575 (7)

Euphorbia 0.6672 (2) 0.5685 (1) 0.8364 (1) 0.5614 (1)
Car ex 0.6744 (1) 0.5494 (2) 0.8225 (2) 0.5955 (3)

F um ana 0.6216 (6) 0.4750 (6) 0.7683 (6) 0.6684 (6)
Equisetum 0.6540 (4) 0.5239 (3) 0.7742 (5) 0.6310 (4)

Cynodon 0.6562 (3) 0.5012 (4) 0.7846 (4) 0.5883 (2)
Centaurea 0.6525 (5) 0.4818 (5) 0.7933 (3) 0.6338 (5)

In  p a ren th eses th e  ran k  nu m b ers .

while Chi.w in th e  0.7 and  0.3 classes. T he R hj va lues are f req u en t in th e  0 .9 —0.7 
classes, w hile am ong  the  d  va lu es  those  belong ing  in  1.0 classes are  th e  m ost 
freq u en t. I t  is rem ark ab le  t h a t  in  th e  case o f  th e  in d ex  R hj th e  d is tr ib u tio n  
o f th e  values is th e  n a rro w est, i t  is re s tric ted  to  fiv e  classes; fu r th e r  th a t  in th e  
case o f th e  ind ices Chi, Chi.w an d  R hi we did n o t observe a d e fin ite  peak , w hile 
th e  d  va lues show ed  a peak .

T ab le  11
D istribution  o f  niche overlap and d values

Category 1.4 1.3 1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0

Soil m oisture

Chi l 6 8 5 5 9 2

2 3 7 4 1 1 8 4 6

9 8 8 4 7

R oot dep th

Chi 1 2 5 3 6 3 6 6 4

C „ i^ 4 4 3 5 1 6 2 6 5

Rhi 8 7 2 5 4 3 4 3

Com binations

Chi 2 0 5 в 4 6 9 2

Rhi 2 4 6 2 6 5 8 3

d  values

soil m oisture 8 3 4 2 3 5 3 2 4 1 1

ro o t dep th 4 6 3 5 2 4 2 0 4 2 1 2 0 1

com binations 10 7 3 3 6 3 3 0 0 0 1
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T h e  species and  c o m m u n ity  effects ca lcu la ted  on th e  basis o f th e  com ­
m u n ity  m a tr ix  (Tables 12 an d  13) re su lted  in  d iffe ren t ran k s , as h ad  been 
ex p ec ted . C onsidering th e  co m p e titio n  concern ing  soil m o istu re  c o n te n t, th e  
p la n t  co m m unity  has a g re a t effect on Centaurea, an d  has h a rd ly  an y  effect 
on F u m ana  and  T h ym u s. In  th is  com p e titio n , Euphorbia  and  E quisetum  have 
g re a t e ffect on th e  o th e r  species, w hile Festuca  and  M edicago  have  on ly  a very  
w eak  effect.

T ab le  12

C om m unity  m atrix  
Soil moisture

ahi

a/A
Festuca Medi­

cago Thymus Euphor­
bia Carex Fumana

Equi­
setum Cynodon

Centau­
rea

Festuca 3.62У8 1.0218 1.0185 0.6581 0.8483 0.5445 0.6628 0.5510 0.6298

Medicago 0.8388 2.9797 1.0265 0.6469 0.8763 0.4732 0.5256 0.5039 0.5259

T h ym u s 0.7858 0.9647 2.8003 0.6309 0.8547 0.4803 0.5113 0.5001 0.4859
Euphorbia 0.4865 0.5825 0.6045 2.6831 0.9005 1.0113 0.9860 1.0062 0.8551
Carex 0.6578 0.8278 0.8590 0.9446 2.8145 0.8444 0.8528 0.8635 0.7675

F um ana 0.3261 0.3452 0.3728 0.8193 0.6522 2.1739 0.9422 0.9239 0.6833

E quisetum 0.4226 0.4082 0.4226 0.8505 0.7012 1.0030 2.3143 0.9322 0.7348

Cynodon 0.3736 0.4162 0.4396 0.9230 0.7551 1.0460 0.9914 2.4612 0.7910

Centaurea 0.5666 0.5764 0.5666 1.0408 0.8906 1.0265 1.0369 1.0496 3.2658

In  th e  m ain  d iagonal th e  B, values.

T ab le  13

The species and the com m unity effects

Species
Specie effect Comm unity effect

R oot depth Soil m oisture content R oot depth Soil m oisture content

Festuca 0.5937 (4) 0.5572 (9) 0.6159 (3) 0.7418 (4)

Medicago 0.6035 (2) 0.6428 (8) 0.4551 (6) 0.6771 (7)

Th ym u s 0.6045 (1) 0.6638 (7) 0.3911 (8) 0.6517 (8)
Euphorbia 0.5252 (6) 0.8143 (1) 0.5711 (5) 0.8041 (3)
Carex 0.6008 (3) 0.8098 (3) 0.5602 (4) 0.8272 (2)
F um ana 0.3802 (9) 0.8036 (4) 0.4091 (7) 0.6331 (9)
Equisetum 0.4980 (8) 0.8136 (2) 0.8159 (1) 0.6844 (6)
Cynodon 0.5198 (7) 0.7913 (5) 0.3855 (9) 0.7170 (3)
Centaurea 0.5551 (5) 0.6842 (6) 0.6769 (2) 0.8442 (1)

In  p a ran th eses th e  ra n k  num bers.
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Root depth

C onsidering e ith e r o f th e  ind ices, th e  m ax im um  overlap  ap p ears  in  the 
M edicago-Thym us  species pa ir. T h e  m in im um  overlap  va lu e  was experienced 
in  th e  species pa ir T h y m u s-F u m a n a , w ith  th e  excep tion  o f th e  index,
w here  th e  species p a ir  T h y  m us-E uphorbia  showed a m in im um  v a lu e  (Tables 
14 an d  15).

T ab le  14

The niche breath and overlap 
Root depth

Species „  Medi- Festuca cagQ Thymus Euphor­
bia Carex Fumana Equi­

setum Cynodon Centau­
rea

Festuca 0.6379 0.9192 0.9054 0.6666 0.9518 0.3793 0.6999 0.4772 0.7081

Medicago 0.4833 0.9953 0.4313 0.9727 0.2609 0.5667 0.4011 0.6218

T h ym u s 0.4076 0.3609 0.9604 0.2227 0.5277 0.3199 0.5686

Euphorbia 0.7648 0.5188 0.8167 0.9009 0.8455 0.8028

Carex 0.5515 0.2601 0.6096 0.3867 0.6210

F um ana 0.7851 0.8693 0.8180 0.7125

E quisetum 0.9462 0.8281 0.9144

Cynodon 0.6670 0.8287

Centaurea 0.7935

In  th e  m ain d iagonal th e  i f ,  va lues, in  th e  sem im atrix  th e  i?/„- values.

T a b le  15

The niche breadth and overlap values 
Root depth

Species Festuca Medi­
cago Thymus

Euphor­
bia Carex Fumana

Equi­
setum Cynodon

Centau­
rea

Festuca 0.8555 0.7020 0.6780 0.5355 0.8685 0.1980 0.4405 0.2320 0.3925

Medicago 0.8509 0.8490 0.9360 0.2775 0.8335 0.2020 0.3890 0.2360 0.3965

T h ym u s 0.8300 0.9730 0.8468 0.2135 0.7975 0.1620 0.3255 0.1960 0.3565

Euphorbia 0.2740 0.1310 0.1040 0.8599 0.4160 0.5795 0.7520 0.5575 0.6040

Carex 0.9153 0.9356 0.9135 0.8095 0.8620 0.1745 0.4170 0.2085 0.3690

F um ana 0.2541 0.2280 0.2028 0.7459 0.2230 0.8772 0.7165 0.5220 0.5575

E quisetum 0.4603 0.3715 0.3445 0.7362 0.4292 0.7924 0.9793 0.5820 0.7610

Cynodon 0.2155 0.1539 0.1268 0.6175 0.1844 0.6155 0.5620 0.8295 0.6785

Centaurea 0.4499 0.4003 0.4886 0.6537 0.4188 0.6455 0.8341 0.6123 0.9380

In  the  m ain  d iagonal th e  niche b re a d th  values, С/. in th e  r ig h t sem im a trix  th e  Сщ 
va lues an d  in the  left sem im atrix  the  Chi-, И' values.

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



204 P R É C S É N Y I, I. F E K E T E , G .-M E L K Ó , E. MOLNÁR, E.

W ith  regard  to  th e  av e rag e  overlap . E uphorbia  s tan d s  a t  th e  firs t place, 
F u m a n a  a t th e  la s t one (T ab le  16). In  th e  case o f ro o t d e p th  no species can 
be  found  w hich coidd be g iven  th e  sam e ran k  n u m b e r in th e  case o f the indices.

T he d is trib u tio n  o f th e  R hi values shows a m ax im u m  (0.9) value (Table 
11), w hich cannot be fo u n d  in  th e  case of th e  o th e r ind ices. T he Chi, Chj.w 
an d  R hi values occur in an  a lm o st iden tical dom ain .

T he com m unity  effec t, w hich  has been ca lcu la ted  on th e  basis o f th e  com ­
m u n ity  m atrix  (T able 17), is unexpected ly  h igh (T able 13). T he com m unity

T able  16

Average niche overlap values o f  species 
Root depth

Species См Chi'i w RM

Festuca 0.5058 (4) 0.5312 (4) 0.7134 (3) 0.8367 (3)
Medicago 0.4965 (5) 0.5055 (6) 0.6461 (6) 0.8730 (5)
Th ym u s 0.4581 (7) 0.4979 (7) 0.6076 (8) 0.8980 (6)
Euphorbia 0.4919 (6) 0.5089 (5) 0.6679 (4) 0.9262 (7)
Carex 0.5105 (3) 0.6036 (1) 0.6601 (5) 0.8140 (2)
F um ana 0.3890 (9) 0.4634 (8) 0.5424 (9) 1.0662 (9)
Equisetum 0.5479 (1) 0.5663 (2) 0.7396 (1) 0.8137 (1)
Cynodon 0.4015 (8) 0.3860 (9) 0.6131 (7) 1.0140 (8)
Centaurea 0.5144 (2) 0.5629 (3) 0.7222 (2) 0.8505 (4)

In  paren theses th e  r a n k  n u m bers.

T able  17

C om m unity m atrix  
Root depth

“ At

a »A
Festuca Medi­

cago Thymus Euphor­
bia Carex Fumana Equise­

tum Cynodon Centau­
rea

Festuca 2.4655 1.0224 1.0629 0.5486 1.0345 0.1600 0.4305 0.2532 0.4152
Medicago 0.7383 1.7803 1.0668 0.1827 0.8654 0.0630 0.2528 0.1608 0.3108
Th ym u s 0.6707 0.9322 1.5557 0.1282 0.7964 0.0404 0.2099 0.0972 0.2540
Euphorbia 0.6838 0.3153 0.2532 3.0731 0.5317 0.6017 0.7354 0.7388 0.7093
Carex 0.9156 1.0607 1.1170 0.3775 2.1820 0.0991 0.3434 0.2045 0.3637
F um ana 0.2123 0.1158 0.0851 0.6405 0.1485 3.2712 0.7269 0.7062 0.6372
Equisetum 0.7446 0.6055 0.5753 1.0205 0.6712 0.9475 4.2644 0.9475 1.0154
Cynodon 0.2347 0.2064 0.1429 0.5495 0.2142 0.4935 0.5079 2.2857 0.7349
Centaurea 0.5500 0.5702 0.5333 0.7538 0.5444 0.6362 0.7776 1.0500 3.2658

In  th e  m ain d iagonal th e  J3, values.
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has a s tro n g  effect on Equisetum , w hile h a rd ly  an y  in fluence  on Cynodon and  
T hym us. T hym u s  and  Medicago have g rea t effect on th e  o th e r species, and  again  
th e  effect o f F um ana  and  Equisetum  is v e ry  sm all.

Combination o f  the soil moisture content and  the root depth

T he overlap  is th e  sm allest in  th e  species p a ir  M edicago-Fum ana, w hile 
again i t  is th e  g re a te s t in  th e  species p a ir  M edicago-Thym us  (Tables 18 an d  19); 
an excep tion  is th e  R hj value according to  w hich th e  overlap  is th e  g re a te s t 
b e tw een  th e  Festuca  an d  Thym us.

T ab le  18

Niche breadth and overlap values 
Com bination o f  root depth and soil moisture content

Species Festuca
Medi­
cago Thymus Euphor­

bia Carex Fumana Equi­
setum Cynodon Centau­

rea

Festuca 0.61.51 0.6905 0.8198 0.4526 0.7135 0.2490 0.3923 0.3170 0.4260
Medicago 0.4925 0.6234 0.7794 0.3211 0.6574 0.1073 0.3618 0.1218 0.2275
Thym us 0.5710 0.7065 0.5081 0.2686 0.8001 0.4044 0.1801 0.2521 0.3111
Euphorbia 0.3625 0.2350 0.2135 0.6517 0.4504 0.4186 0.6292 0.6204 0.7090
Carex 0.5035 0.4430 0.5895 0.3450 0.5492 0.2268 0.2395 0.2811 0.2305
Fum ana 0.1710 0.0585 0.1430 0.4075 0.1815 0.5431 0.5015 0.6508 0.4520
Equisetum 0.2185 0.2360 0.1435 0.4960 0.1820 0.4225 0.5868 0.5163 0.6012
Cynodon 0.1960 0.0585 0.1430 0.4325 0.1815 0.5250 0.3475 0.4642 0.7521
Centaurea 0.3565 0.1170 0.2135 0.5270 0.2525 0.4570 0.4760 0.7050 0.5429

In  th e  m ain  d iagonal th e  H, values; in th e  u p p e r sem im atrix  th e  R/,(- and in the  lower 
sem im atrix  th e  Cfq values.

T able  19

The euclidean distance (d )  between species 
Com bination o f  soil moisture content and root depth

Species Medi­
cago Thymus

Euphor­
bia Carex Fumana Equi­

setum Cynodon
Centau­

rea

Festuca 0.8321 0.7431 1.0671 1.0150 1.2724 1.2255 1.2272 1.1053

Medicago 0.3676 1.2870 0.8895 1.3677 1.2724 1.3648 1.3135

Thym us 1.3058 0.8360 1.3416 1.3576 1.3104 1.3104

Euphorbia 1.1544 0.9585 0.9184 0.9096 0.7810
Carex 1.3104 1.2912 1.2649 1.3166

Fum ana 0.9768 0.9064 1.1020

Equisetum 1.0145 0.9437

Cynodon 0.7071
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Considering th e  average  overlap  v a lu e , th e  values accord ing  to  a Chi, 
R h: an d  d order re su lted  in  an id en tica l ra n k  n u m b er in Equisetum  and Cynodon. 
A t th e  beginning  o f th e  series th e re  a p p e a r Euphorbia  and  Festuca; th e  a v e r­
age overlap  of th ese  is g rea t, w hile F u m a n a  s tan d s  a t th e  end of th e  series 
(T ab le  20).

Table 20

The average niche overlap values o f  species 
Com bination o f  soil m oisture content and root depth

Species Chi Rhi d

Festuca 0.3589 (3) 0.5076 (1) 1.0609 (2)
Medicago 0.2934 (9) 0.4083 (8) 1.0868 (5)

Thym us 0.3404 (4) 0.4769 (3) 1.0715 (3)

Euphorbia 0.3774 (2) 0.4837 (2) 1.0477 (1)
Carex 0.3348 (5) 0.4499 (5) 1.1347 (8)
Fum ana 0.2958 (8) 0.3763 (9) 1.1543 (9)
Equisetum 0.3153 CO 0.4277 CO 1.1250 (7)
Cynodon 0.3236 (6) 0.4389 (6) 1.0881 (6)
Centaurea 0.3881 (1) 0.4637 (4) 1.0724 (4)

In  respect of th e  d is tr ib u tio n  of th e  overlap  and  th e  d va lues (T able  11), 
th e  d-values gave a cu rve  w ith  one p eak . In  com parison  w ith  th e  d is tr ib u tio n  
o f  th e  co rresponding  values of soil m o istu re  co n ten t and  roo t d e p th , th e  h ig h est 
freq u en cy  of the  Chi an d  Rhi va lues sh ifted  tow ards th e  low er class in te rv a ls , 
an d  th e  d values show ed a sim ilar te n d e n c y ; here it  m u st be ta k e n  in to  consi­
d e ra tio n  th a t an  increase  in th e  d -value  m eans a decrease in  th e  overlap .

T he co m m u n ity  effect is th e  h ig h est in  th e  case o f Euphorbia , th e  low est 
in  T hym us  (Tables 21 an d  22). T he species effect is h igh in  C ynodon , and  low 
in F um ana.

The rank  n u m b e r (6 an d  3) o f tw o species, viz. Carex and  Centaurea, 
w ere iden tical in th e  case of th e  co m m u n ity  and  species effect.

A ű -a n a ly s is  was carried  w ith  th e  sam e species an d  ch a rac te ris tic s  as 
w ere considered in  our prev ious p u b lica tio n . The cen tre  of th e  F um ana , 
Euphorbia  and  M edicago  n iche is a t  a g rea t d istance  from  th a t  o f th e  o th e r  
species. T he cen tres  o f Euphorbia  an d  F um ana  are n ea r to  each o th e r. T h e  
d is tan ce  betw een  Festuca  and  Medicago is m inim al (cf. T ab le  23).
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T ab le  21
C om m unity  m atrix

C om bination o f  root depth and soil moisture content

«Ai
«г'А

Festuca
Medi­
cago Thymus

Euphor­
bia Carex Fumana Equi­

setum Cynodon Centau-

Festuca 6.369 0.707 0.930 0.401 0.548 0.204 0.255 0.312 0.428

Medicago 0.617 5.556 1.117 0.156 0.650 0.067 0.150 0.083 0.139

Thym us 0.573 0.788 3.922 0.102 0.580 0.082 0.063 0.141 0.118

Euphorbia 0.460 0.204 0.190 7.299 0.409 0.606 0.613 0.781 0.803

Carex 0.420 0.571 0.722 0.273 4.878 0.132 0.146 0.220 0.127

Fum ana 0.178 0.067 0.117 0.461 0.150 5.556 0.489 0.700 0.400

Equisetum 0.253 0.171 0.101 0.532 0.190 0.557 6.329 0.620 0.608

Cynodon 0.194 0.060 0.143 0.425 0.179 0.500 0.389 3.968 0.643

Centaurea 0.414 0.154 0.185 0.679 0.160 0.444 0.593 1.000 6.173

In  th e  m ain d iagonal the  J3, values.

T ab le  22
The species and com m unity effect 

C ombination o f  soil moisture content and root depth

Species Species effect Com m unity effect

Festuca 0.389 (4) 0.473 (2)
Medicago 0.340 (V) 0.372 (5)
Thym us 0.438 (2) 0.306 (9)

Euphorbia 0.379 (5) 0.508 (1)
Carex 0.358 (6) 0.326 (6)
Fum ana 0.324 (9) 0.320 (7)

Equisetum 0.337 (8) 0.379 (4)

Cynodon 0.482 (1) 0.317 (8)

Centaurea 0.408 (3) 0.454 (3)

T ab le  23
Results o f  D -analysis

Species Medicago Thymus Fumana Euphorbia Carex

Festuca 0.143 0.357 1.605*** 0.967*** 0.228

Medicago 1.059*** 1.333*** 0.889** 0.206

Thym us 1.593*** 0.989*** 0.235

F um ana 0.581 1.383***

Euphorbia 0.806*

* sign ifican t a t  5%  level 
** sign ifican t a t  1%  level 

*** sign ifican t a t  0 .1%  level
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S u m m er—a u tu m n  changes

So il moisture content

On the  basis of th e  su m m er an d  th e  au tu m n  in v es tig a tio n s , th e  niche 
b re a d th  of Festuca is th e  g re a te s t in  re la tio n  to  soil m o istu re  co n ten t. Festuca, 
th e  d o m inan t species, can  be found  in  an y  of th e  categories o f  soil m oisture 
c o n te n t;  i t  is only in  th e  do m ain  g rea te r  th a n  2.0 mS w here i t  does no t appear. 
A fte r  i t ,  Medicago an d  T h ym u s  follow , an d  Centaurea. T h e  n iche b re a d th  of 
C ynodon, Fum ana  an d  E quise tum  is narro w  b o th  in su m m er an d  au tu m n . 
E quisetum  and Cynodon  in  su m m er lie on th e  end of th e  ax is w hich is opposite  to  
F u m a n a . In  au tu m n  a ll th re e  species a re  freq u en t in  th e  h igh  mS categories, 
th e  m ost frequen t v a lu e  is in  th e  sam e ca tego ry . T heir occurrence  is v irtu a lly  
re s tr ic te d  to  tw o -th ree  ca tego ries b o th  in  sum m er and  a u tu m n .

In  the  sum m er in v es tig a tio n s , th e  overlap  va lu e  w as h igh  betw een 
F estuca  and Carex, acco rd in g  to  th e  R hj and  Chi in d ex  n u m b ers ; and  again 
accord ing  to  th e  rf-value i t  w as g rea t be tw een  Carex an d  E quisetum . In  au tu m n , 
accord ing  to  th e  R hj a n d  d -values, th e  overlap  is g rea t betw een  Medicago 
a n d  Thym us, w hile acco rd in g  to  th e  Chi v a lue  i t  is g rea t b e tw een  Cynodon 
a n d  F um ana. In  su m m er, th e  low est overlap  values w ere experienced  betw een 
F u m a n a  and E quisetum . O n th e  basis o f a u tu m n  m easu rem en ts , th e  overlap  
v a lu e  is small betw een  M edicago  an d  Equisetum  (the  v a lu e  o f R lu) and  betw een 
M edicago  and F um ana  (Chi an d  d va lues).

In  exam ining th e  av erag e  o v erlap  o rder o f  th e  species, non-reliable 
n e g a tiv e  correlations can b e  d e tec ted  in  th e  case of th e  v a rio u s indices betw een 
th e  sum m er and a u tu m n  ran k s . I f  th e  ra n k  num bers belong ing  in th e  various

Table 24

The rank o f  average niche overlap values 
Soil moisture

Species
Summer Fall

C u Ям d Chi Rm d

Festuca 1 1 1 9 8 9
Medicago 5 4 5 7 9 8
Thym us 3 3 2 8 7 7
Euphorbia 8 7 8 2 1 1

Carex 2 2 3 1 2 3
Fumana 9 9 9 6 6 6
Equisetum 7 8 7 4 5 4
Cynodon 4 5 4 3 4 2

Centaurea 6 6 6 5 3 5
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index  categories are  added  up (T able 24), and  th e ir  sum  is ranked , n a tu ra lly  
a negative co rre la tio n  is received betw een th e  su m m er an d  th e  a u tu m n  ran k s  
(rrank =  — 0.31). In  sum m er, Festuca  had  a h igh  av e rag e  overlap  value in  
re la tion  to  th e  o th e r  species, w hile b y  th e  a u tu m n  th e  v a lu e  o f  th e  sam e species 
was th e  low est. F estuca , as i t  w ere, has changed  p lace  w ith  Euphorbia.

The frequency  d is tr ib u tio n  of th e  overlap  values (T able 25) in  th e  sum m er 
an d  th e  au tu m n  in v estig a tio n s can be considered id en tica l in  th e  case of indices 
R hi and  d ( f  =  2.9868, d f :  4; and  f  =  6.7971, d f  : 7). In  th e  case o f th e  Chi 
indices, the  freq u en cy  o f th e  sum m er and  a u tu m n  overlap  values d iffers
( f  =  11.3088, d f :  5).

T ab le  25

The d istribution o f  overlap values 
Soil moisture

T he co m m u n ity  effect is g rea t in  sum m er in th e  case of Cynodon and  
E quisetum , and again  in  a u tu m n  in th e  case o f Centaurea  an d  Carex. F um ana  
ap p ears  a t th e  end  o f th e  line b o th  in sum m er an d  a u tu m n  (T ab le  26). F rom  
th is  it  can be in fe rred  th a t  th e  o th e r species have  no in flu en ce  on th e  com pe­
ti t io n  of F um ana  re la ted  to  soil m oistu re  c o n ten t. Festuca  has in fluence on 
th e  o th e r species in  sum m er, Euphorbia  in a u tu m n ; th u s , in  th is  case, th e  
species effect re flec ts  th e  average  overlap  value. In  su m m er, Euphorbia  an d  
F um ana  have h a rd ly  an y  effect on th e  o ther species, in  a u tu m n  th e  in fluence 
o f Festuca  and  M edicago  is m in im al. T he species an d  co m m u n ity  effects of
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T ab le  26

Species and co m m unity  effect 
Soil m oisture , ra n k  numbers

Species
Species effect Commun ty  effect

Summer Fall Summer Fall

Festuca l 9 6 4

Medicago 5 8 5 7

Thymus 2 7 3 8

Euphorbia 8 1 9 3

Carex 3 3 4 2

Fumana 9 4 8 9

Equisetum 7 2 2 6

Cynodon 4 5 1 5

Centaurea 6 6 7 1

M edicago, Euphorbia  a n d  Centaurea w ere  a b o u t iden tica l in  v a lu e . I n  a u tu m n , 
besides Medicago an d  E uphorb ia , T h y m u s  and  Carex h a v e  a b o u t iden tica l 
species an d  c o m m u n ity  effect va lues.

Root depth

In  th e  sum m er in v e s tig a tio n s , E uphorbia  had  th e  g re a te s t n ich e  b re a d th , 
in  th e  au tu m n  E quisetum  ; th is  la t te r  h a d  on th e  o ther h an d , th e  a lm o st narro w ­
e s t b re a d th  in  sum m er. Centaurea o ccu rred  in m erely  ca te g o ry  in  sum m er, 
th u s  i t  showed th e  sm allest b re a d th ; in  a u tu m n  th is  occurred  w ith  Thym us. 
T h e  o rd er o f th e  species is d ifferen t in  su m m er and in  a u tu m n ; no species can 
b e  fo u n d  which w ould occupy  th e  sam e o r ab o u t the sam e ra n k  b o th  in  sum m er 
a n d  in au tu m n . A t th e  a u tu m n  m easu rem en ts  th e  m a jo r ity  of th e  species 
sh if te d  tow ards th e  sm alle r ro o t d e p th  categories (2— 3 a n d  4— 5 cm ).

In  th e  case o f a ll overlap  in d ices , i t  is betw een  Carex an d  Medicago 
w h e re  th e  m ax im um  overlap  v a lu e  is to  be  found in su m m er. O verlap  is the  
g re a te s t  betw een M edicago  and  T h ym u s  in  au tu m n , in  th e  case o f all indices. 
T h e  overlap  v alue  is m in im um  b e tw een  F um ana  and  M edicago , F um ana  and 
T h ym u s, Fum ana  an d  Carex, F um ana  and  Centaurea an d  F u m a n a  and  Equise­
tu m  in  sum m er. T h e  species p a ir  T h y m u s— F um ana  an d  t h a t  o f T hym us  and 
E uphorbia  showed th e ir  m in im um  o v erlap  in  au tu m n . I t  is w o rth y  of observa­
tio n  th a t  .Medicago overlaps w ith  som e o f the  species b o th  in  sum m er and in 
a u tu m n  to  a g rea t e x te n t;  th e  species p a ir  T hym us— F u m a n a  h a rd ly  overlapped  
in  a n y  o f  th e  tw o in v es tig a tio n s . T h e  overlap  o rder o f th e  36 species pairs 
t h a t  can  be form ed show s a good ag reem en t w ith  one a n o th e r  b o th  in  sum m er
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an d  in au tu m n , accord ing  to  even several o f th e  ind ices (positive  s ign ifican t 
ra n k  correlations, cf. T ab le  34).

In  th e  average  overlap  o rder, in  sum m er, T h ym u s  u n am biguously  tak es  
th e  f irs t  place, th e n  Festuca  and Medicago follow. A t th e  opposite  end of th e  
ra n k  s tan d  E uphorbia , Centaurea and  F um ana . In  a u tu m n , Equisetum  s tan d s 
in  th e  f irs t place, th e n  Centaurea follow s, and  again  a t th e  o th e r end o f th e  
ra n k  now  stands T h y m u s , Cynodon  and  F um ana  (T able 27). B etw een  th e

Table 27

The rank o f  average niche overlap values 
Root depth

Species
Summer Fall

Chi Rhi d Chi Им i

Festuca 2 2 3 4 3 3

Medicago 3 3 2 5 6 5

Thym us l 1 1 7 8 6

Euphorbia 7 7 7 6 4 7

Carex 5 5 5 3 5 2

Fum ana 9 9 9 9 9 9

Equisetum 6 6 6 1 1 1

Cynodon 4 4 4 8 7 8

Centaurea 8 8 8 2 2 4

su m m er and  a u tu m n  ra n k s  (Chj, R hl) th e re  is a n on -re liab le  n eg a tiv e  co rre la ­
tio n , w hile betw een  th e  ra n k s  fo rm ed  on th e  basis o f d  values th e re  is a n o n ­
re liab le  positive co rre la tio n . A fter ad d in g  up th e  ra n k  num bers belonging  in 
th e  v a rio u s  index  categories, an d  a f te r  ran k in g  th e  d e ta in ed  sum s, a n o n ­
re lia b le  n egative  co rre la tio n  appears be tw een  th e  su m m er and  a u tu m n  ran k s.

T h e  frequency  d is tr ib u tio n  o f th e  overlap  values (T able 28) can be  con­
sidered  as iden tica l in  th e  tw o in v estig a tio n s, w ith  reg a rd  to  all ind ices (Chi, 
R hi an d  d). The y 2 v a lu es , in  th e  correspond ing  order, a re  6.6857, d f  : 6; 5.4738, 
d f :  5; 5.8118, d f  : 7.

T he com m unity  effect in  sum m er is th e  g rea tes t w ith  T hym us, an d  again  
i t  is sa lien tly  high in  E quisetum  (T able 29). In  th e  case o f F um ana , th e  com ­
m u n ity  effect is m in im al in  sum m er; no sim ilarly  g rea t va lue , or one a p p ro x im ­
a tin g  th is , could be  experienced  in  a u tu m n , w hen low  values occurred  w ith  
C ynodon  and  T hym us. T h e  species effect was th e  g re a te s t in  E quisetum  in 
sum m er, in Thym us  in  a u tu m n ; in  F um ana  i t  was m in im al in b o th  o f th e  
cases. F um ana  has no influence on th e  o th e r species in th e  com petition  for 
u tiliz in g  space (below ground), n e ith e r  have  th e  o th e r  species on F um ana .
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The distribution o f  overlap values 
Root depth

Category 1.4 1.3 1.2 j 1.1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0

su m m er l 2 3 3 6 3 2 4 4 8

C Hi
fall l 2 5 3 6 3 6 6 4 0

su m m er 2 1 3 3 4 6 6 4 7
r  •^ /l i ’ w

fa ll 4 4 3 5 l 6 2 6 5 0

su m m er 4 5 7 5 2 3 4 0 1 5

* H i
fall 8 7 2 5 4 3 4 3 0 0

su m m er 5 2 3 4 2 6 3 3 1 2 2 2 0 1 (1
d

fa ll 4 6 3 5 2 4 2 0 4 2 1 2 0 1

T able  29

Species and com m unity  effect 
Root depth, rank numbers

Species
Species effect Community effect

Summer Fall Summer Fall

Festuca
I

3 4 3 3
Medicago 6 2 4 ; 6

Thym us 4 1 1 8

Euphorbia 8 6 6 5
Carex 7 3 5 4
Fumana 9 9 9 7
Equisetum 1 8 7 1

Cynodon 5 7 2 9
Centaurea 2 5 8 2

T h e  com m unity  effect w as iden tical in th e  case of Festuca  and M edicaeo 
in  sum m er, and again  in  th a t  o f Thym us  and  Cynodon in a u tu m n . T he species 
e ffec t showed ab o u t id e n tic a l values in  th e  species in  sum m er, w ith  th e  excep­
tio n  o f  Fum ana  an d  E uphorbia  ; in a u tu m n . F um ana  (possib ly  Equisetum ) 
w as th e  exception .
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Com bination o f root depth and soil m oisture content

T he o rder o f n iche b read th s  ca lcu la ted  on th e  basis of com binations is 
d iffe ren t in  sum m er from  th a t  in a u tu m n  (Table 30; r rank =  0.5667, d f  : 7). 
Carex occupied  th e  sam e place b o th  in  sum m er and  in  a u tu m n , in th e  m iddle 
of th e  series. A t th e  beginning  of th e  series th e re  a p p ea r Festuca  and E uphorb ia , 
a t  th e  end  of th e  series th e re  s tan d  E quisetum  and  Cynodon. From  th e  average  
overlap  orders i t  ap p ears  (Table 31) th a t  th e  ran k s  form ed according to  any 
of th e  indices show ed no agreem ent in re sp ec t of th e  sam pling  tim es. F o rm ing  
th e  ran k s  on th e  basis o f th e  th ree  ind ices (R h{, Chj an d  d), th e  average overlap

T a b le  30

The rank o f  niche breadths ( Hf ) o f  species in  sum m er and fa ll  
C ombination o f soil moisture content and root depth

Species Sum m er Fall

Festuca l 3

Medicago 5 2

Thym us 3 8

Euphorbia 2 1

Carex 4 4

Fum ana 6 5

Equisetum 9 7

Cynodon 7 9

Centauren 8 6

T ab le  31

The rank o f  average niche overlap values o f  species in  sum m er and fa ll  
Com bination o f soil moisture content and root depth

Species
C m d

Sum m er Fall Sum m er Fall Summer Fall

Festuca l 3 l l l 2

Medicago 4 9 4 8 5 5

Thym us 2 4 2 3 2 3

Euphorbia 7 2 7 2 7 1
Carex 3 5 3 5 3 8

Fum ana 9 8 9 9 9 9

Equisetum 5 7 5 7 6 7

Cynodon 6 6 6 6 4 6
Centaurea 8 1 8 4 8 4
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o f  F estuca  is th e  g re a te s t. Festuca  h ad  th e  g re a te s t overlap  v a lu e  in  sum m er, 
E uphorb ia  in a u tu m n . F um ana  was th e  la s t in  order in all cases.

T h e  sum m er an d  a u tu m n  d is tr ib u tio n  o f th e  overlap  frequencies ca lcu l­
a te d  in  th e  com binations (cf. T ab le  11) w as s ig n ifican tly  d iffe ren t in  th e  case 
o f th e  Chi and R hj ind ices (y2 =  12.2762, d f  : 5; y2 =  13.4510, d f  : 5), w hile in 
th e  case  o f d th e  tw o d is tr ib u tio n s  can be  considered  as id en tica l (y2 =  2.3332,
d f :  5).

In  sum m er, acco rd ing  to  all th re e  ind ices, th e  m axim um  o v erlap  occurred  
in  d iffe ren t species p a irs ; according to  R hj: Festuca-Equisetum  ; accord ing  to  
Chi: C ynodon-Equisetum  ; on th e  basis o f  d: M edicago-Thym us. T h e  m inim al 
o v e rlap  appeared  b e tw een  F um ana  an d  th e  follow ing species, in  all th re e  index  
ca teg o ries: M edicago, T h ym u s, E quisetum  an d  Centaurea. A ccord ing  to  d, 
th e  g re a t overlap  v alue  o f sum m er in v es tig a tio n s , in  th e  species p a ir  Medicago-

T ab le  32

The rank o f  species by species and com m unity  effect in sum m er and fa ll  
C om bination o f  soil m oisture content and root depth

Species
Species effect Community effect

Summer Fall Summer Fall

Festuca 4 4 l 2

Medicago 5 7 5 5

Thym us 6 2 2 9
Euphorbia 8 5 6 1
Carex 3 6 3 6
Fum ana 9 9 9 7
Equisetum 1 8 7 4

Cynodon 2 1 4 8
Centaurea 7 3 8 3

T ab le  33

Results o f  D -analysis  
Sum m er and fa ll

Species D  value

Festuca 1.3161***

Medicago 0.9655**
Thym us 1.6023***
F um ana 1.1140**
Euphorbia 3.2764***

Carex 1.3150**
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T ab le  34

R a  nk correlation coefficients between sum m er and fa l l  values o f  the various measures

Measure ä f Root depth Soil moisture 
content

Combination of 
soil moisture 
content and 
roo t depth

H i 7 — 0.5833 0.4500 0.5667

^ i ; w 7 —0.4500 0.5500 —

B i
7 -0 .6 1 6 7 0.7167* 0.1833

C M
34 0.3515* 0.0916 0.2449

R h i
34 0.5068*** 0.0044 0.2430

a h i
34 0.4474** — 0.0548 0.1910

* i h
34 0.3277* — 0.0131 0.2748

d 34 0.4296*** — 0.1583 0.2691

d f  =  degree of freedom .

T h ym u s , occurred  also in a u tu m n ; in  th is  p erio d , th e y  show ed g reat overlap  
also accord ing  to  Chi; on th e  basis of R hi th e  overlap  w as g re a t in th e  species 
p a ir  Festuca-Thym us. T h e  m in im al overlap  rem ained  also in  au tu m n  in th e  
species p a ir  F um ana-M edicago, accord ing  to  th e  ind ices; th e  species p a ir  
M edicago-Cynodon  is also o f  low overlap , acco rd ing  to  Chi an d  d.

Fig. 2. P osition  of niche cen tres  on ro o t d ep th  (cm ) a n d  soil m o istu re  c o n te n t (m S) axes in  
sum m er and  fall. 1: Festuca, 2: M edicago, 3: T h ym u s , 4: F um ana , 5: Euphorbia, 6: Carex. E m p ty

m arks: sum m er, full m ark s : fall
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I t  can n o t be d e tec ted  co rre la tio n  in  th e  tw o sam pling  tim es n e ith e r  
b e tw e e n  th e  species effect ran k s  (cf. T ab le  32) nor be tw een  th e  co m m u n ity  
e ffec t ran k s. F um ana  ap p ears  to  h av e  b o th  in  sum m er an d  in  a u tu m n  a b o u t 
id e n tic a l species and  co m m u n ity  effects. In  sum m er, th e  species effect was 
m a x im a l in Equisetum  ; in  a u tu m n  th is  species show ed one of th e  v e ry  low 
v a lu e s . In  b o th  sum m er an d  a u tu m n , in th e  case o f F um a n a , th e  species and  
th e  co m m u n ity  effects w ere m in im al. In  Cynodon and  T hym us, h igh  species 
e ffec t an d  low co m m u n ity  effect ap p eared  in  au tu m n . T h e  co m m u n ity  effect 
w as s tro n g  in bo th  periods in Festuca.

A ccording to  D -ana lysis  (T able  33, Fig. 2), th e  d is tan ce  betw een  th e  
su m m e r and th e  a u tu m n  n iche cen tres of all th e  species is s ign ifican t. T he 
d is ta n c e  betw een th e  tw o cen tres  (sum m er and  a u tu m n ) is th e  sh o rte s t in 
M edicago.

Sum m ary

C onsidering th e  seasonal dynam ics o f niche b re a d th , th e  various species 
b e h a v e  d ifferently . On th e  soil m o istu re  co n ten t g rad ien t, for exam ple, th e  
m o s t co n stan t is Festuca vaginata, w ith  a n iche b ro ad est b o th  in su m m er and  
a u tu m n . Centaurea is an  ex am p le  o f  seasonal la b ility : by  th e  a u tu m n  i t  becom es 
a soil m oistu re  “ g en era lis t” . A n exam ple  o f specia liza tion  fo r a u tu m n  is 
E uphorb ia . In  an y  case, th e  f lu c tu a tio n  o f sum m er and a u tu m n  is n o t general; 
E q u ise tu m , Cynodon and  F um ana  rem ain  “ specialists” .

On th e  roo t d e p th  axis in d ica tin g  th e  u tiliza tio n  o f space, th e  seasonal 
f lu c tu a tio n  is m uch g re a te r  th a n  on th e  soil m oistu re  c o n te n t axis. T h e  cause 
o f  th is  is n o t com pletely  clear. R o o t d e p th  (or m ore e x ac tly : th e  d e p th  o f  th e  
m a x im u m  root m ass) depends on th e  d ifferen t life cycles o f th e  species; th is, 
h o w ev er, does no t im ply  a change in th e  v a riab ility  m easures (m easure c a te ­
gories). N iche b read th  here  is seasonally  m ostly  co n stan t in  th e  case o f Festuca  
a n d  Carex.

I t  appears th a t  in su m m er th e  species w hich is o f g rea t b re a d th  on th e  
so il m o istu re  co n ten t ax is has a b ro ad  niche also on th e  ro o t d e p th  axis. 
T h is  refers also to  th e  o th e r  ex trem e  case. In  sum m er, th e  tw o-d im ensional 
d is tr ib u tio n  o f th e  freq u en cy  values (com bined categories) expresses th is 
c o rre la tio n  in  ra n k  (th e  b re a d th  o rd e r according to  th e  com bined categories 
show s a good agreem ent w ith  th ese  o f one d im ension). In  a u tu m n  th e  tw o- 
d im en sio n a l b re a d th  sequence is n o t s im ilar to  th a t  fo rm ed  accord ing  to  e ith e r 
soil m o istu re  co n ten t or roo t d e p th . A nyhow , i t  appears from  th e  d a ta  th a t  
th e  in te ra c tio n  of th e  tw o  fac to rs  is d iffe ren t from  th a t  in  sum m er.

A ccording to  th e  b eh av io u r recorded  in the  tw o-d im ensional niche space, 
th e  n iche volum e of T h ym u s  is seasonally  th e  m ost sensitive, and  again  th a t  
o f  Carex stenophylla  is m o stly  c o n s ta n t. T he volum e of Euphorbia  seguieriana
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is besides th a t  o f F estuca vaginata  w hich p redom ina tes in th e  com m unity , 
th e  g re a te s t b o th  in  sum m er an d  a u tu m n . This obv iously  suggests th a t  these  
tw o  species, in re la tio n  to  these  tw o fac to rs , can “ find  a hom e”  (form  a home) 
an y w h ere  in  th is  co m m u n ity . On th e  o th e r han d , in d ep en d en tly  o f th e  season, 
E quisetum  ram osissim um  an d  Cynodon dactylon are  o f  narro w  vo lum e, p re ­
su m ab ly  owing to  d iffe ren t causes: th is  ecological specia liza tion  in  Equisetum  
can  p ro b ab ly  be traced  hack  to  physio logical reasons, and  again  in th e  case of 
Cynodon  i t  seems a te n a b le  h y p o th esis  (to  be checked) th a t  in  th e  assignm ent 
o f th e  realized  n iche  o f  th is  species, w hich estab lished  itse lf  secondarily  here, 
th e  co m p etitiv e  effect (narrow ing) o f th e  original g rassland  is also consid­
erab le .

T he question  o f th e  k ind  o f co rre la tion  ex isting  betw een  niche b read th  
an d  overlap  au to m a tic a lly  arises. On th e  soil m oisture  c o n te n t axis th e  sum m er 
re su lts  show th a t  in  th e  case of a species w ith  broad  n iche th e  average  overlap  
( th e  average  form ed in  re la tio n  to  th e  o th e r 8 species) is also g rea t, w hile 
species w hich h av e  becom e m ore specialized  overlap  only  to  a sm aller ex ten t 
w ith  th e  o thers. In  a u tu m n , how ever, th e  situ a tio n  is q u ite  d ifferen t on th is 
sam e ax is. Festuca  w hich  is o f g rea t b re a d th  (first in  th e  o rder) is th e  la s t when 
considering  th e  av e rag e  o v erlap ; th e  o rd er o f  th e  o th e r 8 species is v e ry  d iffer­
e n t, according to  th e se  tw o v iew poin ts . I t  canno t be le ft ou t o f consideration  
th a t  before th e  a u tu m n  m easu rem en ts th e re  w ere a b u n d a n t ra ins: th e  w ater 
su p p ly  of th e  soil w as b e tte r  th a n  in  sum m er. In  th e  case o f an  a b ru p tly  form ed 
excess, th e  equ ilib rium  betw een  su p p ly  and  use obv iously  does n o t develop; 
th is  c e rta in ly  in fluences th e  values an d  re la tions o f  n iche  b re a d th s  an d  over­
laps. T here  is no d o u b t th a t  th e  copious w a te r supp ly  m en tio n ed  above m akes 
th e  values equalized in  a u tu m n . T h u s, fo r exam ple, w hile in  sum m er th e  n iche 
b re a d th  of Л  ■ v a ried  betw een  0.43 an d  0.92, in a u tu m n  i t  v a ried  only  betw een
0.55 an d  0.82. T he average  R hi overlap  values of th e  9 species in  sum m er 
v a ry  betw een  0.54 an d  0.84; th is  ran g e  narrow s in  a u tu m n  dow n to  0.74—
0.84 m  th e  good w a te r  supp ly  favours th e  fo rm ation  o f  h igh overlap  values. 
F ro m  th e  com parison  betw een  th e  sum m er and a u tu m n  d a ta  i t  is ev iden t 
t h a t  here  we are  n o t dealing  w ith  a general increase in  ac tu a l co m petition . 
T h e  s itu a tio n  seem s ra th e r  th e  oppo site : in  th e  case o f  a poorer w a te r supp ly , 
th e  signs of sep a ra tio n  becom e ou tlin ed .

C oncerning th e  average  overlap  values o f th e  species, in  th e  tw o-d im en­
sional n iche space, all indices re su lted  in  low er values th a n  sep ara te ly  on th e  
in d iv id u a l axes. O bviously , th e  inclusion  o f any  fu rth e r  axes w ould increasing ly  
red u ce  th e  overlaps. T h u s th e  add ing  o f fu r th e r  fac to rs, th e  form ing  of co m b in ­
a tio n s , etc. creates th e  possib ility  of m ore com plete analyses of fu n d am en ta l 
questio n s re la ted  to  th e  ecological sep a ra tio n  o f species sets.

T he general overlap  tendencies are  well evaluable  in  th e  tw o-d im ensional 
space. A ccordingly, th e  overlap  o f Festuca  (on an average w ith  all th e  o thers)
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is g rea t bo th  in su m m er an d  a u tu m n  (the  above co n trad ic tio n  is e lim inated  in 
tw o  dim ensions; cf. a u tu m n  overlap  on th e  soil m o istu re  co n ten t axis). T he 
g enera l overlap o f F u m a n a  is th e  sm allest. T h e  average  o v erlap  o f F um ana  
a n d  Cynodon is n o t in flu en ced  b y  seasonal changes; th a t  o f Euphorbia  on th e  
o th e r  hand  is co n sid e rab ly  in flu en ced ; in  th is  th e  new  position  occupied by  
as Euphorbia  in  a u tu m n  in th e  tw o-d im ensional space m ay  also in te rp lay , 
in d ica ted  by  th e  re su lt o f  D -ana lysis .

T he exam in a tio n  o f  th e  co m m u n ity  m a tr ix  suggests th a t  th e  com m u n ity  
e ffec t b o th  in sum m er an d  a u tu m n  is th e  g re a te s t on th e  v e ry  Festuca vaginata  
w hich  predom inates in  th e  co m m u n ity , w hile th e  effect o f th is  species on th e  
co m m u n ity  (th ro u g h  th e  tw o fac to rs, or m ore exac tly , th ro u g h  th e ir  com bin­
a tio n s) is only o f m ed iu m  degree. T he s tro n g est species effect b o th  in  sum m er 
an d  au tu m n  belongs to  th e  ad v en titio u s  Cynodon. In  an y  case, th is  reciprocal 
e ffec t m ay he su b o rd in a te d  to  a strong  seasonal f lu c tu a tio n  in  m ost of th e  
species. The ecological iso la tion  o f F um ana  is v e ry  rem ark ab le : it  has no effect 
on th e  com m unity , n e ith e r  has th e  co m m unity  on it.

A ccording to  th e  re su lt o f D -analysis, th e  n iche cen tre  o f th e  species 
becom es s ig n ifican tly  rem o v ed  b y  th e  a u tu m n , in  com parison  w ith  th a t  of 
th e  sum m er.

I t  canno t be le f t u n sa id  th a t  th e  a d e q u a te  in te rp re ta tio n  of th e  n u m e r­
ical resu lts o b ta in ed  on th e  basis of th e  co m m u n ity  m a tr ix  s till aw aits its 
tu rn .  I t  is hard ly  possib le  to  o b ta in  one w ith o u t su itab ly  p lan n ed  and  accom ­
p lished  series o f e x p e rim e n ts .

*

L ite ra tu re  w as g iven  in  P a r t  One of th is  p ap er.
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COMPARATIVE ANALYSIS OF GREEN AND 
SPONTANEOUS ALRINO MUTANT LINES OF 
NICOTIANA SYLVESTRIS SPEG. ET COMES
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L. Szilágyi  and A. H . N a g y

RESEARCH IN ST ITU TE OF BOTANY. HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT 
D EPA RTM EN T OF GENETICS, EÖTVÖS LORÄND U N IV ER SITY  BU DA PEST

(R eceived  Ja n u a ry  25, 1977)

C ytological a n d  some fu n c tio n a l pecu liarities o f a sp o n tan eo u s albino m u ta n t 
appeared  in  1974 in  a hap lo id  p la n t  o f N icotiana sylvestris Speg. e t Comes and  m ain ­
ta in ed  w ith o u t an y  changes w ere d e term ined  and  com p ared  w ith  th e  orig inal green 
p lan ts . I t  w as estab lished  th a t  a lb ino  p lan ts had s ign ifican tly  h igh  s ta b ility  of chrom o­
some nu m b ers . T he m ajo rity  o f  th e  cells rem ained  p e rm a n e n tly  hap lo id  in th e  sam e 
conditions as green  p lan ts grow n. T he m u ta n t  is ch lorophyll d e fic ien t and  C 0 2 fix a tio n  
is m issing from  it.  In  m ala te  d eh ydrogenase , perox idase  an d  este rase  izoenzym e p a tte rn s  
o f green an d  a lb ino  p lan ts  specific d ifferences were d e tec ted .

A lbino and  ch lo rophy ll de fic ien t m u ta n ts  are  effectively  used, as m a rk ­
ers, in classical p la n t  genetics an d  in  cell fusion ex p e rim en ts . A ndrogenic 
hap lo id  p lan ts  p roduced  by a n th e r  cu ltu res have  p ro v id ed  good m a te ria l for 
th e  iso lation  of m u ta n ts . I t  w as Ca rlso n  (1970) w ho f ir s t  iso la ted  au x o tro p h  
m u ta n ts  from  cell cu ltu res  of haplo id  N . tabacum. T h e  ap p lica tio n  of hap lo id  
callus and cell suspension  cu ltu res for m u ta n t iso la tion  req u ires  cau tion  since 
d ip lo id iza tion  o f th e  haplo id  cells occurs. T hus, th e  p la n ts  regenerated  from  
th ese  cu ltu res  are  n o t pure ly  hap lo ids. R eliable resu lts  can  only he expected  
b y  a co n tin u o u s con tro l of chrom osom e n u m b er o f th e  reg en era ted  p lan ts .

F rom  hap lo id  callus c u ltu re  o f P e tu n ia  h y b rid a  s tre p to m y c in  re s is ta n t 
cell lines have been  iso lated  by  B i n d i n g  et al. (1970, 1972). Tw o of th e  iso lated  
lines proved to  be  au x o tro p h s for aux in . D uring  m a in ten an ce  o f th e  tissue 
cu ltu res  th e  s trep to m y c in  resis tan ce  decreased  and  th e y  could n o t regenerate  
re s is ta n t p lan ts .

In  th e  genus Solanum  th e  effect o f p lo idy  level on isoenzym e com posi­
tio n  of soluble p ro te in s  have been s tud ied  by  D e sb o r o u g h  and  P e l e g u in  
(1967). C om parison o f  th e  hap lo id  w ild species, in te rsp ec ific  hy b rid s  and  te tra -  
p lo id  p lan ts  suggests no re la tio n sh ip s  betw een  n u m b e r o f este rase  isoenzym e 
b an d s  and p lo id y  level. P erox idase  and  esterase isoenzym es of Nicotiana  
species and of th e ir  hybrids w ere s tu d ied  by  S mith e t al. (1970). In  species of 
a taxonom ic  section  th e  sam e isoenzym e p a tte rn s  are found  w hile peroxidases 
an d  esterases v aried  in species o f th e  d ifferen t sections.

On purpose to  verify  th e  orig in  o f N icotiana tabacum  perox idase, esterase, 
m a la te  dehydrogenase  an d  o th e r  isoenzym es of som e 60 N ico tiana  species were
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an a ly zed  by  Sh e e n  (1970, 1971). Isoenzym e p a tte rn s  o f N . sylvestris and
N . tomentosiformis w ere s im ila r to  th a t  o f N . tabacum.

L ethal albino m u ta n ts  of N icotiana  tabacum  have  been  m ain ta ined  in 
v itro  b y  adding p h y to h o rm o n es  (Sh a e f f e r  and  Me n s e r , 1975). Cytological 
a n d  biochem ical basis as well as ch a rac te ris tic s  o f th e  m u ta tio n  have no t ye t 
been  repo rted . A ccording to  th e  au th o rs  th e re  is s ign ifican t difference betw een 
th e  green p lan ts  and  th e  a lb ino  m u ta n ts  in  g row th  ra te .

Since these a lb ino  m u ta n t  ty p es  can be m ain ta in ed  in  tissu e  cu ltu res, 
th u s , th e y  can use m a rk e r  in  d iffe ren t genetical in v estig a tio n s.

H aploid  p lan ts  of b o th  N icotiana  sylvestris Speg. e t Com es an d  N icotiana  
tabacum  cv. P e tit  H a v a n n a  w ere also produced  b y  Mal ig a  an d  Szilágyi 
(1973) using th e  a n th e r  c u ltu re  m ethod  of N itsch  and  N itsch  (1969). On an 
a rtif ic ia l cu lture  m ed ium  th e  s terile  hap lo ids could be m a in ta in ed  by  serial 
tra n sp la n ta tio n  o f le a f  p rim o rd ia . In  these  cu ltu res o f h ap lo id  p la n ts  k e p t in 
th e  lig h t shoot p a rts  o f w h ite  color have appeared  in O ctober, 1974. T he w hite  
p la n t  w ere cu ltu red  se p a ra te ly  from  th e  green ones. T his w h ite  p h en o ty p e  of 
th e  p la n ts  was u n ch an g ed  d u rin g  th e  cu ltiv a tio n .

Cytological an d  b iochem ical c h a rac te riza tio n  of th e  m u ta n t  p h en o ty p e  
ap p ea rin g  spon taneously  w ere th e  aim  of th e  p resen t w ork.

M aterial and m ethod

H aplo id  green p la n ts  (a b b re v ia te d  SH ) and  m u ta n ts  (ab b rev ia ted  SHM ) of Nicotiana  
sy lvestris  Speg. e t Comes w ere g row n u n d e r sterile  conditions in 100 m l E rlen m ey er flasks con­
ta in in g  a modified cu ltu re  m ed iu m  ( K o v á c s , 1971). The cu ltu res were tran sfe rred  to fresh 
m ed ia  in every 3 — 4 weeks. T h e  cu ltu res  w ere held  in a c lim atic  ch am b er “ M y tro n ” a t  24 — 
26 °C in continuous ligh t.

P lo idy  of th e  p lan ts  w as checked  b y  coun ting  of chrom osom es in m itoses. Since albino 
m u ta n ts  could no t develop ro o ts  for th is  reaso n  young  leaves were used  for cyto logical analysis. 
T he y o u n g  leaves were p re tre a te d  w ith  0 .05%  colchicine so lu tion  for 2.5 hours an d  th e  m itoses 
o f acetocarm ine  sta ined  lea fle ts  w ere s tu d ied  by  lig h t m icroscope (Sz il á g y i, 1975). An N F p K  2 
m icroscope w ith  an M F Zeiss cam era  w as used  to  m ake m ic ro p h o to g rap h s (m agnification  was 
X 1 0 0 0 ) .

I t  is com pletely clear t h a t  m u ta tio n  d irec tly  or ind irec tly  affec ted  chlorop lasts. E ffect 
o f m u ta t io n  was ch arac te rized  by m easu rin g  th e  cap ac ity  of C 0 2 assim ila tion  and  of chloro­
p h y ll c o n te n t in leaves in d ic a tin g  th e  fu n c tio n  of chloroplasts.

S tu d y  of isoenzym es a n d  of e lec tro p h o re tic  sep ara tio n  of lea f  soluble p ro te ins provides 
d a ta  th a t  are in connection  w ith  th e  fu n c tio n  of defic ien t ch lorop lasts an d  w ith  requ irem en ts 
m ak in g  m ain taince of a lb ino  m u ta n ts  possible.

Chlorophyll content o f leaves w as m easured  by  sp ec tro p h o to m etrica lly  in  e th y l e ther 
so lu tio n s a fte r the  e x tra c tio n  w ith  ace to n . In  v ivo  assim ilation o f  C 0 2 w as characterized  by 
th e  ra d io a c tiv ity  of leaf discs in cu b a ted  in  a tm o sp h ere  con tain ing  1JC 0 2. In  v itro  assim ilation  
w as m easu red  by 14C in co rp o ra tio n  in to  organic  bound  in a solution co n ta in in g  leaf e x tra c t in 
th e  p resence of rib u lo se-1 .5 -d ip h o sp h ate  as su b s tra te  (B j ö r k m a n , 1968, N a g y  e t ah , 1973).

L eaf ex tra c t of p lan ts  w as su b m itte d  to  po lyacry lam ide  gel e lectrophoresis. The m alate  
dehydrogenases were se p a ra ted  on  6 pe r cen t gel, th e  electrode buffer w as tris-g lycine  a t  p H  8.3. 
A c u rre n t no t exceeding 2 m illiam ps pe r tu b e  was app lied . Isoenzym e b a n d s  were s ta in ed  in a 
so lu tio n  contain ing  sodium  m a la te , as su b s tra te , N A D  as coenzym e an d  PM S, N B T ind ica tor 
dyes a t  p H  8.0. In  th is sy s tem  th e  R u D P  carboxylase  b an d  was red  an d  th e  m ala te  dehydro ­
genases developed v io le t co lour (M a u e r , 1971).
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Peroxidases were se p a ra ted  in 7.5 per cen t gel u n d e r th e  sam e conditions described b e ­
fore. The sta in in g  so lu tion  consisted  of o-d ianisid ine dissolved in  e th a n o l and  H 20 2 as su b s tra te  
in ace ta te  buffer a t  p H  4.7 ( S m i t h  e t ah, 1970).

Isoelectric  focusing of esterases was carried  o u t in th e  presence o f am pholine p H  3 — 9 a t  
300 vo lts. T im e of sep a ra tio n  w as 4 hours. T he b a n d s  were developed  in  a reac tion  m ix tu re  
contain ing  a -n ap h th y la c e tic  acid  as a su b s tra te  a n d  fa s t blue R R  in d ic a to r dye in p h o sp h a te  
buffer a t  p H  6.2.

P ro te in s were sta in ed  w ith  0.5 per cen t o f Coomassie blue in  20 pe r cent trich lo roacetic  
acid  solution. T he experim en ts  were rep ea ted  th ree  tim es using 3 — 4 paralle ls in each. In  th e  
illu stra tio n  one of th e  gels is shown.

E xperim ental results

The spon taneous alb ino m u ta n ts  derived  from  green lea f cu ltu res of 
hap lo id  N . sylvestris p la n ts  are  p ro p ag a ted  b y  serial passages. W e have  been 
m ain ta in in g  th ese  alb ino m u ta n ts  iso la ted  in  1974 fo r  2 years. The m u ta n ts  
m ain ta in ed  are  stab le  an d  th e re  are  no changes in  th e i r  pheno type . A green 
an d  an albino m u ta n t cu ltu re  are show n in  F ig . 1. Y oung  leaves of th e  alb ino 
m u ta n ts  h av in g  pale  green colour becom e w h ite  in  co n tin u o u s light.

T he chrom osom e n u m b er of th e  p la n ts  s tud ied  w as also determ ined . 
I t  was show n th a t  p lo idy  level in  th e  a lb ino  m u ta n ts  w as m ore stab le  th e n  in 
th e  green p la n ts  (T able 1). F igures 2 an d  3 show h ap lo id  and  dip lo id  cells.

D ata  o f th e  ta b le  c learly  in d ica te  an  increased d ip lo id ization  of green 
p lan ts . M oreover 7 te tra p lo id  cells w ere also found  am ong  th em . On th e  o th e r 
h an d , cells o f th e  albino leaves k e p t th e  orig inal hap lo id  level by  far th e  g re a t­
est num ber an d  only  a sm all p ropo rtio n  o f  p lan ts  was d ip lo id .

On th e  basis of th e  fac ts  above m e n tio n e d  i t  is ev id e n t th a t  th e re  are  
varia tio n s in  p lo idy  level o f b o th  green a n d  albino p la n ts . F o r th is reason  in 
th e  p resen t co m p ara tiv e  ex perim en ts on ly  haplo id  sam ples of bo th  green and  
alb ino p lan ts  are  used. Since th e  p ig m en t deficiency suggests some d istu rbances 
o f ch lo rop last fu n c tio n  o f a lb ino m u ta n ts , f irs t, d a ta  connected  w ith  th e se  
o b se rv a tio n s a re  p resen ted . C hlorophyll c o n te n t of y o u n g  leaves of green an d  
a lb ino  p la n ts  w ere de te rm in ed . M eans o f ch lorophyll c o n te n t and  th e  ra tio s  
o f  ch lorophyll a to  b a re  show n in T ab le  2.

In  m u ta n t leaves th e  am o u n t of ch lo rophy ll is on ly  10 per cent of n o rm al 
green p lan ts . In  con tinuous ligh t th e  m u ta n ts  becom e com pletely  w h ite .

T ab le  1

Chromosome number o f  green and albino N icotiana sylvestris Speg. et Comes p lan ts

P lan t m aterial
Observed cell number

n =  12 2n =  24

COc

SH 20 247 7

SHM 403 84 —

T otal 423 331 7 761
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T ab le  2

Chlorophyll content and ratio o f  chlorophyll a to b in green and albino Nicotiana  
sylvestris Speg. et Comes plants

Plan t m aterial Total chlorophyll nmole/g 
fresh weight Chlorophyll a /b

SH 293 2.5
SHM 25 2.8

T h ere  is no s ign ifican t d ifference betw een  green and  alb ino p la n ts  concern ing  
ch lo ro p h y ll a /ch lo rophy ll b ra tio .

T ab le  3 illu s tra te s  th e  p h o to sy n th e tic  C 0 2 fix a tio n  an d  R u D P  c a rb o x y l­
ase  a c tiv ity . D e te rm in a tio n s  w ere perfo rm ed  w ith  young leaves.

F ig s 1 — 3. 1: C ultures o f g reen  — SH  (righ t) an d  a lb ino  — SHM (left) N icotiana  sylvestris Speg. 
e t Com es. 2: A hap lo id  cell o f N icotiana sylvestris Speg. e t  Comes ( x  1000). 3: A diploid cell o f 

N icotiana  sylvestris Speg. e t  Comes (XlOOO)

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



G REEN  AND SPONTANEOUS ALBINO MUTANT LIN ES OF NICOTIANA SYLVESTRIS 223

T ab le  3

Photo synthetic CO„ assim ila tion  in  leaves o f  N icotiana sylvestris Speg. et Comes
green and albino p lan ts

Plan t m aterial
RuD P carboxylase nmole 
C 02/g fresh w eight/hour

In vivo 14COz 
assimilation 

105 cpm/cm2/hour

SH 980 28.5

SHM 290

A ccording to  th e  d a ta  o f th e  ta b le  th e  enzym e iso la ted  from  young leaves 
o f a lb ino  m u ta n ts  can w ork u n d er o p tim u m  conditions. In  v ivo th is  w ork ing  
c a p a c ity  of C 0 2 assim ila tion  c a n n o t be  realized .

R esu lts  o f e lec tro p h o re tic  ex p erim en ts  perform ed on leaves o f hap lo id  
p la n ts  grow n conditions h av e  described  before  are  i llu s tra te d  in  F igs 4— 6. 
N ine m a la te  dehydrogenase  isoenzym es can  be  sep a ra ted . In  th e  re a c tio n  
m ix tu re  described th e  te n th  b a n d  o f 0.18 R p  va lu e  gives a red  co lour co r­
respond ing  to  th e  enzym e p ro te in  o f th e  R u D P  carb o x y lase . In  acco rdance  
w ith  th e  above m en tioned  d a ta  th is  enzym e is in ac tiv e  in  th e  m u ta n t p la n ts . 
P ro te in  s ta in ing  o f  th is  b a n d  o f  th e  m u ta n t  is m ore w eaker th a n  th a t  o f  th e  
green p la n t. One isoenzym e o f 0.26 R p  v a lu e  o f  m a la te  dehydrogenases is 
ab se n t from  th e  m u ta n t w hich confirm s th e  p ro te in  p a tte rn s  (F ig. 4).

F ig. 4. P ro te in  (left) and m ala te  dehydrogenase  isoenzym e (righ t) p a tte rn s  of leaf e x tra c ts  
o f green — SH  an d  albino — SHM  N icotiana sylvestris Speg. e t Comes

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



224 SZILÁGYI, L. -  NAGY, A. H,

F ig. 5. Peroxidase isoenzym e p a tte rn s  o f leaf e x tra c ts  o f green — SH  an d  albino — SHM  Nico-
liana sylvestris Speg. e t  Comes

Fig. 6. Separation  o f p ro te in s  (left) and  esterase isoenzym es (righ t) b y  isoelectric focusing in 
leaf ex tra c t of green  — S H  and albino — SHM  N icotiana sylvestris Speg. e t Comes
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Six perox idase  isoenzym es can  be visualized by  o -d ian isid ine  and  H 20 2 
system . T he m u ta n t leaves have  no b an d  a t Rp 0.43.

A s tro n g ly  s tay n in g  b and  o f R p  0.43 is ab sen t from  th e  m u ta n t leaves 
and  a t  th e  sam e tim e  th e  bands a t  R p  0.22 and  0.60 h av e  h igher colour in te n s ­
ity  (F ig. 5).

Ten isoenzym e hands w ere id en tified  by isoelectric  focusing. D ifferences 
could only  he d e tec ted  in acidic p H  range. In  th e  m u ta n t  e x tra c t  an  in ten siv e  
b an d  was found a t  p H  3.4. T his h a n d  was m issing from  e x tra c t o f th e  green 
leaves. T he band  a t  p H  5.7 was p re se n t in th e  m u ta n ts  only . In  lea f e x tra c ts  
of th e  green p la n ts  an in ten siv e  b a n d  w ith h igh a m o u n t o f p ro te in  hav ing  
isoelectric  p o in t a t  p H  5.0 was d e te c te d  by  s ta in in g  th e  p ro te in s . T his h an d  
w as n o t p resen t in  th e  albino m u ta n ts  (Fig. 6).

D iscussion

S pontaneous and  induced  ch lorophyll d e fic ien t m u ta n ts  are usually  
used in  genetical experim en ts. T h e  d ifferen t varie ties o f them  are  well know n 
in Angiosperm ae  p la n ts  (K i r k , 1972, G o ug h , 1972, T ravis  e t ah , 1975, V agera  
e t ah , 1976).

T he ch lorophyll defic ien t an d  ch loroplast defec tive  ch a rac te rs  o f p lan ts  
can  be  b ro u g h t ab o u t b y  genetic  change e ither in  genom e or in p lastom e. 
In te ra c tio n  betw een  an  o rganellum  and  cell is co m plica ted  since p ro to p lasm  
o f h igher p lan ts  is e x tra o rd in a rily  com plex and  d iffe ren tia ted . B ecause of 
com plex influences th e  p rim ary  lo ca lity  of a genetic ch an g e  c an n o t be d e tec ted  
b y  sim ple exp erim en ta l ap p ro ach es. In  th e  p re sen t period  o f th e  a u th o rs ’ 
ex perim en ts carried  ou t on to b acco  albino m u ta n ts  d a ta  w ere o b ta in ed  for 
deep-roo ted  analysis of p h en o ty p e  ra th e r  th a n  fo r p ro b ab le  loca lity  o f th e  
genetic  b lock. M utagene tre a tm e n t w as no t app lied  for th is  reason , th e  m u ta ­
tio n  s tu d ied  could be  considered spon taneous. D ue to  p ig m en t defic iency  th e  
a lb ino  p lan ts  are le th a l. T hey  h av e  no  pho tosyn thesis  an d  a b ility  to  form  roo ts. 
G row th  in te n s ity  o f th e  m u ta n t  is low er th a n  th a t  o f  th e  green ty p e . This 
ch a rac te ris tic  is sim ilar to  th a t  o f th e  albino m u ta n ts  of N ico tiana  tabacum  
iso la ted  by  S c h a e f f e r  and  Me n s e r  (1975).

T he obliga te  req u irem en t fo r indoleacetic  acid  o f  th e  m u ta n t  s tu d ied  
agrees w ith  th e ir  d a ta , too. D u rin g  our ex tensive in v es tig a tio n  ab n orm alities 
in  chrom osom e m orphology, b reak ag es and u n u su a l m itoses could n o t be 
d e tec ted  b y  cy to logical analysis. S tab ility  o f chrom osom e n u m b e r in  th e  
alb ino p lan ts  is rem ark ab le . T h e  d ip lo id iza tion  observed  in  th e  no rm al ty p e  
is ra th e r  in  ag reem en t w ith  th e  l ite ra ry  d a ta  (Sz il á g y i , 1975). To stab ilize  
th e  hap lo id  level of cell cu ltu res  a p a ra -flu o ro p h en y la lan in e  tre a tm e n t is 
recom m ended  b y  G upta  and Ca r l s o n  (1972). S ta b ility  o f chrom osom e n u m b er
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o f  th e  albino m u ta n t  iso la ted  in  ou r la b o ra to ry  m ay  be in  connection  w ith  the  
red u ced  level of g ro w th . D u rin g  g ro w th  an d  d ev e lopm en t o f  p la n ts  i t  is well 
kn o w n  th a t  th e  ch an g e  o f  p lo idy  level occurs and  on ly  th e  developed  stage is 
ch arac terized  by  s ta b le  chrom osom e coun ts. Since th e  a lb ino  typ es have 
a reduced  grow th in te n s i ty , th ere fo re  th e  in s ta b ility  ch a rac te riz in g  an in te n ­
siv e  grow th period does n o t occur.

Deficiency o f ch lo ro p la s t functions is conseq u en t upon  th e  low chloro­
p h y ll  conten t of th e  a lb ino  leaves and  upon th e  d isap p earan ce  o f th e ir  pale 
green colour in lig h t. In  alb ino  leaves in a c tiv ity  o f  R u D P  ca rb o x y lase  enzym e 
o f  C 0 2 fixation  p a th w a y , a ch a rac te ris tic  p ro te in  of ch lo ro p lasts , was proved 
b y  th e  au tho rs’ e x p e rim e n ta l resu lts . M easurable a c tiv ity  in  v itro  suggested 
th e  presence of th e  enzym e p ro te in  in th e  young  pale  green leaves, how ever, 
i t  could  no t fu n c tio n  d u e  to  th e  absence of p h o to reac tio n s in  v ivo . In  th e  
m onogenic recessive 4 -caro tene  m u ta n t of m aize (N a g y , 1975) an d  in  w hite 
segm ents of th e  v a r ie g a te d  p ro b ab ly  p lasto m  m u ta n t Tradescantia albiflora  
(G y u r j a n  et al., 1976) a sim ilar functional d is tu rb an ce  w as fo und . R educed 
a m o u n t of the  R u D P  carb o x y lase  enzym e pro te in  and  absence  of th e  ac tiv ity  
w ere  proved by  th e  d a ta  of e lec trophoretic  observ a tio n s.

R uD P  ca rb o x y lase , a key  enzym e of p h o to sy n th e tic  C 0„ assim ilation  
is encoded in DNA o f b o th  nucleus and  ch lo rop last (K a w a s h im a  an d  W il d m a n . 
1972). P athw ays o f ch lo ro p h y ll syn thesis  a re  com plete ly  coded b y  th e  nucleus 
( K i r k , 1976, W e t t s t e i n  et al., 1971). M istake of th e  genetic  code regu lating  
a n y  above m en tioned  fu n c tio n  resu lts  in sim ilar p h en o ty p ic  change. The 
e x a c t  localization o f th e  m u ta tio n  requires cross-breeding  experim en ts.

Isoenzym e s tu d ies  of N icotiana  species have been ex ten siv e ly  used for 
th e  analysis of th e ir  phy logene tic  re la tionsh ips. All th e  ch a rac te ris tic  izo- 
enzym es of N icotiana  sylvestris  (Smith , 1970, Sh e e n , 1971) w ere found  in our 
ex p erim en ts , too  th o u g h  th e re  were som e differences in  th e  exp erim en ta l 
c ircum stances. C om position  of izoenzym e p a tte rn s  depends on g row th  con­
d itio n s , com ponents o f  m ed ia  an d  on stages of ontogenesis. T ho u g h  th e  m u ta ­
tio n  observed is e v id e n tly  le th a l therefo re , th e  m a in te n a n c e  o f th e  albino 
m u ta n t  leaves on n u tr ie n t  m edia suggests m etabo lic  p a th w a y s  producing 
en ough  energy for g ro w th  in  sp ite  of com plete deficiency of th e  p h o to sy n th e tic  
C 0 2 fix ing  system .

The differences described  betw een green and  a lb ino  leaves refe r equally  
to  genetic  block an d  d iffe ren t m etabolic p a th w ay s , too. T he charac teris tic  
d a ta  described can be  ap p lied  as m arkers of th e  m u ta n t in  fu r th e r  experim en ts.
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NUMERICAL EVALUATION 
OF PHENOTYPIC RELATIONSHIP 

AMONG HUNGARIAN SPECIES OF GENTIANA

J. SzuJKÓ-La CZA and S e n ,* S.

BOTANICAL D EPA RTM EN T, H U N G A RIA N  NATURAL HISTORY  MUSEUM, BU DA PEST 

(R eceived  A u g u st 22, 1976)

The a u th o rs  have  a tte m p te d  to  m ake  a n u m erica l ev a lu a tio n  o f sim ilarities 
and d issim ilarities in m orphological c h a rac te rs  of four species o f G en tian a  [viz. G. 
ciliata  (1.), G. pneum onanthe  (2.), G. cruciata  (3.), G. asclepiadea  (4.)] re p o rte d  from  
H ungary .

F o rty -tree  exom orphic  c h a ra c te rs , selected from  d iffe ren t p a r t  o f th e  p lan ts , 
have been ta b u la te d  in  form  of a p o ly to m ic  key . O u t of th ese , e ig h t w ell-m arked  q u a n ti­
ta tiv e  ch arac te rs  hav e  been te s te d  b y  v a rian ce  analysis.

The re su lt o f our s tu d y  rev ea ls  t h a t  G. ciliata  shows a v e ry  low  degree of a ffin ity  
w ith  th e  o th er th re e  species of Gentiana. T h u s, its  exlusion  from  Gentiana  ap p ears  to  
be more p ro bab le . W e, therefo re , su p p o r t F r o e l i c h  (1796), L i n k  (1921), G r i s e b a c h  
(1839) and T u t i n  an d  H e y w o o d  (1973) in  tre a tin g  th is  species u n d e r Gentianella.

In trodu ction

Gentiana L inn ., th e  ty p e  genus o f  th e  fam ily  Gentianaceae, owes its  nam e 
in honour of Ge n t i u s , a king of I lly r iu s  (abou t 500 B. C.) who w as supposed  
to  have  discovered th e  m edicinal p ro p e rtie s  of Gentiana  ro o t (G. lutea L inn.) 
as a rem edy for p lauge (cf. S e n  1977). T his nam e w as proposed  b y  T o u r n e - 
fo rt  (1700) and la te r  pub lished  b y  L i n n a e u s  in  his Species P la n ta ru m  (1753). 
G r ie se b a c h  (1839) sp lit i t  in to  tw o su b g en era  — Gentianella  an d  Eugentiana. 
K u s n e z o w  (1896 —1906), in his m onograph ic  s tu d y  o f  E ugentiana , followed 
G r ie se b a c h  (1. c.) an d  en u m era ted  th e  following d is tingu ish ing  c h a ra c te r­
is tic s :

Gentianella

1. F o ld s absen t be tw een  calyx  and coro lla
2. B asal portion  of th e  corolla tu b e  w ith  

n e c ta r  cells
3. A pical portion  of th e  p e ta ls  rounded  or 

a cu te  when peta ls 3 o r 5

E ugentiana

1. Folds alw ays p re sen t
2. N ec ta r  cells a b se n t a t  th e  base  o f th e  

corolla tu b e
3. T he apical p o rtio n  of p e ta ls  alw ays acu te  

w ith  th ree  veins

K usnezow  (1. c.) em phasised  th a t  presence of th e  folds b e tw een  the  
ca lyx  and corolla w as th e  m ain c h a ra c te r  to  sep ara te  E ugentiana  from  Gentia­
nella (Fig. 1). F u r th e r , in  E ugentiana  th e  stam ens w ere fused a t  th e  base of

* D ep artm en t of B o tan y , Seram pore college, H oogly, W est B engal, In d ia .
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F ig. 1. R eproductive  p a r ts  o f th e  four Gentiana species. Signs: ca =  calyx ; со =  corolla; 
f  =  fold; fr  =  f ru i t ;  n  =  n e c ta r  cells; st =  s tam en ; sti =  s tig m a; s ty  =  style
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th e  pe ta ls  and  ovaries and  fru its  w ere s ta lk ed . On th e  o th e r  h an d , th e  ovaries 
an d  fru its  of Gentianella were w ith o u t s ta lk  except th e  sec tio n  Crossopetalum. 
T he  fam ily  Gentianaceae has genera lly  been divided in to  tw o fam ilies ( G i l g  

1895) —  th e  Gentianoideae and  M enyanthoideae, w hich can  be d istingu ished  
b y  th e  follow ing ch a rac te rs :

Gentianoideae M enyanthoideae

1. T e rre s tr ia l p lan t 1. M arshy or a q u a tic  p la n t
2. L eaves opposite  2. L eaves a lte rn a te
3. Corolla invo lu te  o r im b rica te  3. Corolla in d u p lic a te -v a lv a te

D o n  (1838), B ritton  (1897) and  W e t t s t e in  (1935) a re , how ever, o f th e  
op in ion  th a t  these  tw o ta x a  should  be elevated  to  th e  ra n k  o f in d ep en d en t 
fam ilies, a view  su p p o rted  b y  th e  m orphological and  an a to m ica l find ings of 
L i n d s e y  (1938).

In  th e  p resen t in v estig a tio n , th e  au tho rs have a tte m p te d  to  m ake a 
n u m erica l ev a lua tion  o f m orphological charac teristics o f th e  H u n g a rian  species 
o f  G entiana  w ith  a view  to  fin d in g  o u t th e  degree of th e ir  m u tu a l re la tio n sh ip
i.e . s im ilarités and  d issim ilarites b e tw een  th em , and to  fac ilita te  th e ir  easy  
id en tific a tio n . W e have been in flu en ced  by  the  views o f  S okal  and  S n e a t h  
(1963), G iv e n  (1969), McN e il l , P a r k e r  and  H eyw o od  (1969) and  H o r á n sz k y  
(1969). I t  is in te re s tin g  to  quo te  S o k a l  and  Sneath  (1. c.) th a t  “ The degree 
o f overa ll sim ilarities o f tw o or m ore organism s, rep re sen ted  by  num erica l 
v a lu es  will considerab ly  help th e  tra d itio n a l ta x o n o m is ts”  and  th a t  th e  
n u m erica l tax o n o m y  is “ th e  n u m erica l ev a lu a tio n  of th e  a ff in ity  or s im ila rity  
be tw een  taxonom ic  u n it and  th e  o rd e rin g  of these u n its  in to  ta x a  on th e  basis 
o f th e ir  a ffin ités” . D utta  (1975) has also given a sim ilar em phasis  to  num erica l 
e v a lu a tio n  of ch a rac te rs , th a t  “ th e  degree of overall s im ila rity  of tw o or m ore 
o rgan ism s, rep resen ted  b y  num erica l va lues, will con sid erab ly  help th e  t r a d i ­
tio n a l taxonom ists  w ho aim  a t c re a tin g  a classification , an d  th e  m odern  
b io sy stem atis ts  who are try in g  to  gain  an  u n d erstan d in g  fo r th e  reasons le a d ­
ing to  th e  sim ilarities an d  d issim ilarities betw een th e  ta x a .

F rom  H u n g ary , six species o f  G entiana  were o rig ina lly  rep o rted , viz.
G. ciliata  L., G. asclepiadea L ., G. pneum onanthe  L., G. cruciata  L ., G. livonica  
(L edeb .) E schh ., G. austriaca  A. and  J .  K ern . (Soó-Já v o r k a , 1951). Soó (1966) 
follow ing K u sn e zo w  (1. c.) has tre a te d  th e  four species u n d e r  th e  genus Gentiana  
(G. ciliata  L ., G. pneum onanthe  L ., G. cruciata  L ., G. asclepiadea  L.) an d  has 
sh ifted  o th e r tw o  species u n d er th e  genus Gentianella (G. livonica  (L ebed . 
Soó, G. austriaca  A. e t J .  K ern .) D ost. 1954 (cf. Soó 1966), T u t i n  and  H e y w o o d  
in  F lo ra  E uropaea  (1972) have tre a te d  G. ciliata  L. u n d er th e  genus Gentianella. 
T h ey  have  based  th e ir  opinion on th e  d a ta  supplied b y  H . Me r x m Ül l e r . 
R e c h in g e r  (1966), how ever, did n o t t r e a t  G. ciliata L . u n d er Gentianella. 
T he p resen t s tu d y  has been carried  o u t on four species, n am ely  G. ciliata  L ., 
G. pneum onanthe  L ., G. cruciata L ., G. asclepiadea L ., fo llow ing Soó (1966),
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w ith  a view to  a sc e rta in in g  th e  sy s tem a tic  position  of G. ciliata  L. on th e  
hasis  of num erical e v a lu a tio n  of m orphological ch a rac te ris tic s  an d  to  illu s tra te  
th e  relationship  am o n g  th e  species.

M aterial and m ethods

All our o b se rv a tio n s a re  based  only on  th e  d ried  h e rb ariu m  specim ens of H erb ariu m  
B u d a p e s t (H. B.). F o r ty - th re e  exom orphic  c h arac te rs  w ere selected from  a herbarium  specim en 
o f each  species and s tu d ied  c ritica lly . T his process w as rep ea ted  fifte en  t im e s  on fifteen d ifferen t 
specim ens of each species in  develo p m en ta l s ta d iu m  an d  p henophases like  23, 31, 32 an d  42 
(S z u j k ó -L acza and F e k e t e , 1973). N um bers 24, 31, 32 and 42 here  rep re sen t the  d ifferen t 
develo p m en ta l stad iu m  of th e  sam e p lan t, viz. lea f g ro w th  te rm in a tio n , sh o o t w ith  flower b u d , 
b eg in n in g  of flowering a n d  s ta r t  o f d en u d a tio n  of shoo t an d  leaves, re sp ec tiv e ly . The rep e titio n  
o f th e  sam e d ev elopm en tal s ta d iu m  was found  to  be h igh  because we could  study  only th e  
h e rb a riu m  specim ens co llec ted  by  d ifferen t collectors a t  d ifferen t tim es from  different locali­
tie s . T he exom orphic c h a ra c te rs  stu d ied  have been  e n u m era ted  in th e  T ab le  1 in  form of a poly- 
to m ic  key, giving d iffe ren t n u m b ers  to  d ifferen t c h arac te rs . The sim ila rities  and  dissim ilarities 
o f ch arac te rs  have b een  ex p ressed  in  form  of tw o  s ta te s  in  co lum n 5 following S o k a l  an d  
S n e a t h  (1963). The c h a ra c te rs  w hich show sim ilarities an d  d issim ila rities  am ong th e  species 
h a v e  been coded by  th e  ex p ress io n  1 and  0, sim ilar a n d  d issim ilar, resp ec tiv e ly , while those  
d iffering  in every species b y  th e  expression  2. In  som e cases th e  q u a n ti ta t iv e  characters are 
q u ite  variable in th e  sam e species. No coding has been  done in  such  cases and the  values 
h a v e  been  taken  as such.

F urther, the  q u a li ta t iv e  c h arac te r  differences like 20 have no t been  considered num erica l­
ly . T he to ta l and p e rce n ta g e  of sim ilarities o f d iffe ren t species co m b in a tio n s have been ta b u l­
a te d  in  Table 2. Table 3 show s th e  to ta l and p e rcen tag e  of d issim ilar c h a ra c te rs  in  each species.

O ut of fo rty -th re e  ex o m o rp h ic  ch arac te rs , e ig h t m ark ed  q u a n ti ta t iv e  characters have  
b een  selected for v a rian ce  an a ly sis  follow ing Sváb (1967). W e selected  th e  leaves for m easu re­
m e n t from  the m iddle p o r t io n  of th e  p lan ts  w here  all th e  ch arac te rs  a p p e a r  to  be more p rom i­
n e n t  (Z a l e n s k y  1904; m ore  e x ac tly  Sz u j k ó -L acza  1974). In  case o f le n g th  we m easured from  
p e tio le  to  apex and in b r e a d th  w idest p o rtio n  in th e  m iddle. The le n g th — w id th  ra tios are given 
in  T ab le  1 after H i c k e y  (1972).

R esu lts and d iscussion

A t first, we re p re se n t th e  resu lt in  th e  po ly tom ic k ey  o f  th e  four Gentiana  
species and the basic  d a ta  for discussion.

G. asclepiadea 
3 : 1

F ig . 2. The exom orphic  
c h a ra c te r  and len g th / 
w id th  ra tio  of the  leaves 
o f Gentianella c ilia ta , 
G entiana pneum onanthe , 
G. cruciata,G. asclepiadea

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



N
um

be
r 

of
 

di
ss

im
ila

r 
ch

ar
ac

te
rs

 
Nu

m
be

r 
of

 
sim

ila
r 

ch
ar

ac
te

rs

PHENO TY PIC R EL A T IO N SH IP AMONG HUNGARIAN SPECIES OF GENTIANA 233

A c ta  B otanica Academ iae S c ien tiarum  H ungaricae 23, 1977

Fig. 4. N um ber of d issim ilar exom orphic  
an d  q u a n tita tiv e  c h ara c te rs  for each 
species

Fig. 3. Sim ilar m orpholog ical ch arac te rs  
in d ifferen t com b in a tio n  of species
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Table 1

Polytomic key fo r  fo u r  Gentiana species

umber and name of species 

Characters
1. C. ciliata 2. G. pneumonanthe 3. G. crucial a G. asclepiadea Sign of differences

P rim ary  root l 0 0 0 1 0 0 0
Rhizom e 0 l l 1 0 l 1 1
Stem  divided by in ternodes l l 1 l 1 l 1 1
N um ber of stem 3 — 13, some- 6 - 9 3 - 7 3 - 5 3 - 1 3 6 - 9 3 7 3 5

H eigh t o f stem  
L ength  of th e  branches 
Shoot erect o r p ro stra te

tim e u n ­
branched  

m easured 
m easured 

1

m easured
m easured

1

m easured
m easured

1

m easured
m easured

1 1 1 1 1
Shape of stem  lineo late  or 

cylindrical 0 0 1 0 0 0 1 0
H airy  or naked 1 0 « 0 1 0 0 0
P h y llo tax y  opposite cuneate  

or opposite  decussate 0 0 0 1 0 0 0 1
Sessile or petio late 0 0 0 1 0 0 0 1
Sym m etrical or asym m etrical l 1 1 1 1 1 1 1
Shape of leaves narrow  lanceo- ovate-narrow ovate-lanceo- wide lanceolate 2 2 2 2

L en g th —w id th  ra tio

la te  —lanceo­
late

9 : 1

lanceolate — 
lanceolate 

6 : 1.5

la te  or oblong

5 : 1

— lanceolate 

3 : 1 2 2 2 2
Leaves ha iry  or naked 1 0 0 0 1 0 0 0
L eaf apex acute of acum inate 1 1 1 0 1 1 1 0
L eaf base tru n ca te  or obtuse 1 1 0 0 1 1 0 0
M argine o fleaves en tire  or not 1 1 1 1 1 1 1 1
N um ber of veins w ith 

m idrib 3 1 3 - 5 3 - 5 5 3 1 3 - 5 3 - 5 5
Inflorescences te rm in al cym ­

es or term inal -f- ax illary  
bo th 1 0 0 0 1 0 0 0

No. o f flowers o rig ina ted  in 
each in ternode 1 1 - 3  (6) 3 - 1 0 1 - 3 1 1 - 3 ( 6 ) 3 - 1 0 1 - 3

Flowers pedicillate  or sessile 1 1 0 0 1 1 0

1
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Table 1 (eo n t.)

;

No. of 
character

dumber and name of species 

Characters
1. C. ciliata 2. C. pneum unanthe 3. G. cruciate 4. G. asclepiadea Sign of differences

23 L ength  of pedicels 1 — 1.5 cm 0.3 — 0.4 cm sessile sessile or sub-
1

sessile
24 L ength  of th e  calyx  tube m easured m easured m easured m easured
25 N um ber o f sepals 4 5 4 5 4 5 4 5
26 Sepals linear or curv ilinear cu rv ilinear narrow linear linear (two linear and 2 2 2 ! 2

short and two unequal
long)

27 Sepals glabrous or pubescen t 1 1 1 1 1 1 1 128 Shape of corolla funnel or
tu b u la r 1 0 0 0 1 0 0 0

29 L eng th  of corolla tube m easured m easured m easured m easured
30 Folds betw een p e ta ls p resen t

or absen t 0 1 1 1 0 1 1 1
31 P e tals pubescent or glabrous 1 0 0 0 1 0 0 : 0
32 Colour of flower blue blue w ith blue blue w ith  red- 1 2 1 1

greenish lines dish purple
spots in side

33 N um ber o f stam ens 4 5 4 5 4 5 4 5
34 E pipe ta lous or free 1 1 1 1 1 1 1 1
35 Filam en ts fla tten ed  or linear 1 1 1 1 1 1 1 1
36 L eng th  of th e  filam ents m easured m easured m easured m easured
37 A nth era  oblong or o ther

types 1 1 1 1 1 1 1 1
38 L ength  of gynoecium m easured m easured m easured m easured
39 Style sh o rt or absen t m easured m easured m easured m easured
40 S tigm a bilobed or o ther

types 1 1 1 1 1 1 1 1
41 F ru it  sta lked  or sessile 1 1 0 1 1 1 0 1
42 Shape of capsule oblong or

o th er types 1 1 1 1 1 1 1 1
43 Shape of seeds oblong w ith ovate  narrow ovate  w ith globose w ith

narrow  and obtuse apex narrow  apex obtuse apex
acute  apex and  no t and no t and winged

winged winged
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T ab le  2

S im ilar morphological character in  d ifferen t combination o f  species 
(num ber o f characters like  Table 1)

N um ber of species 
in combination Character num ber

Total num ber 
of similar 

characters in 
each com bination

%

1, 2, 3, 4 3, 7, 12, 18, 27, 34, 35, 37, 40, 41 10 16.9
1, 2, 3 10, 11, 16 3 5.0
2, 3, 4 1, 2, 9, 15, 20, 30, 31 7 11.8
1, 2, 4 41 1 1.6

1, 2 17, 22 2 3.3
1, 3 25, 33 2 3.3

2, 4 25, 33 2 3.3

T ab le  3

D iss im ila r  exomorphic characters fo r  each species

Species number Character numbers (like T able 1) Total %

i 1, 2, 9, 13, 14, 15, 20, 21, 26, 28, 30, 31 ,43 13 22.0

2 13, 14, 26, 28, 32. 43 6 10.1

3 4, 8, 13, 14, 26, 43 6 10.1

4 10, 11, 13, 14, 16, 26, 43 7 11.8

T ab le  4

N um ber o f identical exom orphic characters 
in  different com bination o f  species

Species number 
in  combination

T otal num ber of common 
or sim ilar characters

1 , 2 16

1, 3 15

1, 4 11

2, 3 20

2, 4 19

3, 4 17

1, 2, 3 13

1, 2, 4 11

1, 3, 4 10

2, 3, 4 17

1, 2, 3, 4 10
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One of th e  b est ch a ra c te r  am ong th e  fo u r species th e  leng th /w id th  ra tio  
of th e  leaves (F ig. 2) on th e  m iddle position  o f  steam .

A ccording to  Fig. 3 and  4 the  larger p a r t  of th e  sim ilar charac ters o rig in ­
a ted  from  th e  2nd, 3d and  4 th  species an d  th e  1st gives th e  h ighest n u m b er 
of dissim ilarities.

A ccording to  T ab le  2, 3 and  4, ch a ra c te rs  com m on am ong four species: 
3, 7, 12, 18, 27, 35, 37, 40, 42. The n u m b er o f  sim ilar ch a rac te rs  is very  high. 
So th e y  in d ica te  n o t o n ly  th e  sim ilarities am o n g  th e  four species b u t p ro b ab ly  
also some generic ch a rac te rs .

C haracters com m on am ong G. pneum onan the , G. cruciata  and G. asclepia­
dea : 1, 2, 9, 15, 20, 21, 28, 30, 31.

C haracter com m on am ong G. ciliata, G. cruciata, G. asclepiadea : 32 
C h aracter com m on am ong G. ciliata , G. pneum onanthe, G. asclepiadea : 42 
C haracters com m on am ongG . ciliata, G .pneum onanthe,G . cruciata : 10 ,11 ,16  
In d iv id u a l ch a rac te ris tic s  of G. cilia ta:  1, 2, 15, 20, 21, 28, 30, 31 
C harac te ristic  fea tu re s  of G. cruciata : 4, 8 
In d iv id u a l ch a rac te ris tic s  of G. asclepiadea  10, 11, 16 
C haracter n u m b e r 13 and  14 are a p p ro p r ia te  for th e  sep ara tio n  of these  

four species w hen ta k e n  to g e th er, w hereas c h a ra c te r  n u m b e r 26 and  42 are 
su itab le  for d iffe ren tia tio n  of these species in d iv id u a lly .

F rom  T able  2 an d  4 we can conclude th a t  m a n y  m orphological ch a rac ters  
of species 2, 3, 4 are s im ila r and  therefore  th e y  come v e ry  n e a r to  each o th e r. 
G. ciliata  differs from  o th e r  th ree  species in  13 ch a rac te rs .

Tables 16, 19 show  m axim um  S.Ds. in  c h a ra c te r  n u m b er 29 and  36. T he 
n ex t in  descending  o rd e r are  th e  ch a rac te r n u m b ers  6 an d  24. T he nex t com es 
ch a rac te r n u m b er 5. T he ch a rac te r n u m b e r 38 shows th e  m in im um  S .D s., 
while no S.D s. in found  in  4 and  23.

T able  5

Heigth o f stem in  mm

Specimens 

No. of species
1 2 3 4 5 6 7 8 9 10 n 12 13 14 15 Average

l 180 174 90 160 142 95 100 113 130 200 152 270 300 295 160 171

2 200 260 100 600 580 320 420 452 284 601 550 480 380 250 212 379

3 340 140 130 345 217 295 180 520 255 302 235 240 210 190 175 252

4 625 440 580 730 700 750 615 600 623 400 454 550 520 480 701 585
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T ab le  6

A n a ly s is  o f  variance o f  the data

Source of variability SQ FG MQ

T rea tm en t =  species 1 464 502 3 488 167
R esidual 609 099 56 10 877 F =  44 806

T otal 2 073 601 59

T ab le  7

Averages ( in  the diagonal) ,
their differences ( in  the right upper h a lf o f  the m a trix ) ,  

levels o f  significance according to species

Species 1 2 3 4

l 171 208 81 414

2 379 127 206

3 252 333
4 * * 585

Significance levels: * P  =  53; ** P  =  1% ; *** P  =  0.1%

T ab le  8

Length o f  the branches in mm

Specimens
1 2 3 4 6 7 8 9 10 11 12 13 : 14 15 Average

No. of species

l 62 31 20 25 28 52 130 100 12 60 32 18 92 1 110 80 56.8
2 200 210 150 102 98 450 552 600 270 292 150 100 510 Í 280 92 270.4
3 232 520 150 85 305 420 520 302 210 190 ; 340 255 175 : 140 180 268.3
4 600 440 730 580 700 613 600 400 454 550 750 730 455 I 520 480 573.5
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T ab le  9

A n a lysis  o f  variance o f  the data

Source of variability SQ FG MQ

T rea tm en t =  species 2 033 582 3 677 860

R esidual 855 207 56 15 272

Total 2 888 789 59 F =  44.3

T ab le  10

Averages ( in  the diagonal) , 
their differences ( in  the right upper side o f  m a tr ix )v 

levels o f  significance according to species

Species 1 2 3 4

l 56.8 213.6 30 516.7

2 270.4 243.6 303.1

3 26.8 546.7

4 * * * 573.5

T ab le  11

Length o f  the calyx tube in  m m

Specimens
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 A verage

No. of species

l 20 18 25 16 19 20 17 24 21 16 18 20 21 18 26 19.9

2 18 22 17 25 22 28 24 18 21 17 18 20 22 23 24 21.2

3 7 10 6 8 11 7 8 8 7 10 7 11 8 9 7 8.3

4 20 18 22 21 23 21 18 17 19 17 20 22 18 17 22 19.7

T ab le  12

A n a lysis  o f  variance o f  the data

Source of variability SQ FG MQ

T rea tm en t =  species 1648 3 549

R esidual 278 56 5 F  =  509

T otal 2026 59
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T ab le  13

Average ( in  the diagonal) , 
their differences ( in  the right upper side o f  m a trix ), 

levels o f  significance according to species

Species 1 2 3 4

l 19.9 1.3 11.6 0.2

2 21.2 12.9 1.5

3 ** ** 8.3 11.4
4 ** 19.7

T ab le  14

Length o f the corolla tube in  mm

Specimens
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Average

No. of species

l 52 48 52 47 50 28 53 48 47 38 51 49 38 48 56 47.0
2 42 46 41 42 38 43 41 42 41 43 42 40 41 42 43 41.8

3 19 25 25 26 24 22 25 23 25 28 28 21 19 25 24 23.8
4 41 42 38 37 42 43 42 38 39 40 41 38 42 40 37 40.0

T ab le  15

A n a lysis o f  variance o f  the data

Source of variability SQ FG MQ

T rea tm e n t =  species 4515 3 1505
R esidual 915 56 5 F  r= 301

T ota l 5430 59

T ab le  16

Average ( in  the diagonal) , 
their differences ( in  the right side o f m atrix) ,  

levels o f  significance according to species

Species l 2 3 4

l 47.0 5.2 23.2 7.0

2 * 41.8 18.0 1.8

3 *** 23.8 16.2
4 * * 40.0
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T ab le  17

Length o f  the f ila m e n t in  mm

Specimens
1 2

I
3 4 5 6 7 8 9 10 11 12 13 14 15 Average

No. of species

l 18 17 16 18 1 16 17 18 17 20 16 17 18 15 16 19 17.0

2 24 ; 27 26 28 i 24 28 30 25 26 28 25 26 31 27 32 27.1

3 8 9 7 10 11 9 8 8 7 8 10 8 9 7 7 7.4

4 18 17 18 16 18 17 20 18 19 18 17 18 16 20 18 17.8

T ab le  18

A n a ly s is  o f  variance o f  the data

Sources of variability SQ FG MQ

T rea tm en t =  species 2638 3 879

R esidual 1 5 6 56 3 F  =  293

T otal 2794 59

T ab le  19

Average ( in  the diagonal) , 
their differences ( in  the right upper side o f m a trix ) ,  

levels o f  significance according to species

Species 1 2 3 4

l 17 10.1 8.6 0.8

2 ** 27.1 18.7 9.3

3 * 8.4 9.4

4 ** ** 17.8

T ab le  20

Length o f  the gynoecium  in  mm

Specimens
1 2 3 4 5 6 7 I 8 

1
9 10 11 12 13 14 15 Average

No. of species

l 20 24 18 21 20 22 17 21 18 17 21 16 16 18 22 19.4

2 27 34 32 30 28 31 27 31 32 29 28 29 31 29 28 29.7

3 19 15 22 18 23 24 25 19 22 21 23 20 19 20 22 20.6

4 32 31 28 34 28 32 30 31 29 32 31 28 29 31 29 30.4
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Table 21

A n a ly s is  o f  variance o f  the data

Source of variability SQ FG MQ

T rea tm en t =  species 1534 3 511

R esidual 1205 56 22 F =  23.2

T otal 2739 59

Table 22

Average ( in  the diagonal) ,
their differences ( in  the right upper side o f  the m a tr ix ), 

levels o f  significance according to species

Species • 2 3 4

l 19.4 10.3 1.2 11.0

2 29.7 9.1 0.7

3 20.6 9.8

4 * 30.4

Table 23

The num ber o f  S .D s. (s ig n ifica n t differences) in  eight characters 
at d ifferen t probability levels according to character number

Character
number P pi •/„ P 0.1 °/0

4 0 0 0 0

5 2 0 0 2

6 3 0 0 3

23 0 0 0 0
24 0 3 0 3

29 2 1 1 4

36 1 3 0 4

38 1 0 0 1

Z 9 7 1 Z Z  =  17
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T ab le  24

D istribu tion  o f  S .D s. p er quantitative morphological character (a )  
in  each species (b ) . Sym bol: I  =  sum  o f  row

T ab le  25

N um ber o f  S .D s. per species p a ir  regardless o f  the nature  
o f  quantita tive morphological character

Sym bols: I  =  su m  o f  row; I I  =  num ber o f  S .D s. (num ber o f  observations 
in  percentage) ; I I I  =  sum  o f row and colum n

b

b
• . 3 4 I и III

1 0 0 0 0 0 0 10
2 2 0 0 0 2 2.0 4

3 3 1 0 0 4 4.1 9

4 5 1 5 0 11 11.4 11

VX-i 10 2 5 0 L L =  17 17.5 34

T ab le  26

N um ber o f  d issim ilar exomorphic 
and quantitative characters fo r  each species

No. of
species

Dissimilar

exomorphic
characters

quantitative
characters Total

l 13 10 23

2 6 2 8
3 6 5 11
4 7 и 18

V 32 28 Z Z  =  60
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T he Table 24 show s re la tiv e  d ifferences in q u a n tita tiv e  c h a ra c te rs  betw een  
th e  species. The g rad u a l increase  o f S .D s. from  1st to  4 th  in d ica te s  th e  d istance 
o f  d iss im ila rity  betw een  th em .

The four species show  d issim ila rities from  each o th e r in  e igh t cha rac ters . 
T h e  to ta l  values of S .D s. is th e re fo re  96. T he colum n I I  of th e  T ab le  25 ind icates 
t h a t  th e  m ax im um  values o f S .D s. is reach ed  in Gentiana asclepiadea  because 
th is  species differs from  all o th e r  species in  eleven ch a rac te rs .

M axim um  d issim ilarities are fo u n d  in  th e  1st species, an d  th e  n e x t in 
descen d in g  order is th e  species n u m b e r four. On the  o th e r  h a n d , th e  2nd  and 
3 rd  species are v e ry  n e a r to  each  o th e r  (T ab le  26).

C onclusion

T en ch arac ters  h av e  been  found  to  be com m on to  all th e  fou r species, 
w h ile  seven to  species N o. 2 ,3  an d  4 (T able 2). P e rcen tag e  o f sim ilarities in d i­
c a te  th a t  G. pneum onanthe, G. cruciata  an d  G. asclepiadea  show  a h igh degree 
o f  a ff in ity  am ong each  o th e r, w hereas G. ciliata  s tan d s  o u t b y  its  ind iv idua l 
c h a rac te ris tic s . C h arac te r n u m b e r 13 an d  14 are a p p ro p ria te  fo r th e  sep ara tio n  
o f  th e se  species w hen ta k e n  to g e th e r , w hereas ch a rac te r n u m b e r 26 and  42 
a re  su itab le  for d iffe ren tia tio n  o f th e se  species in d iv idua lly  (T able 3).

O f th e  eigh t q u a n t i ta t iv e  ch a ra c te rs  selected fo r v a rian ce  analysis, 
th re e  ch arac ters , viz. n u m b e r  4 , 5, and  6 are  vegeta tive  an d  fiv e  are rep ro d u c­
t iv e ,  n am ely  n u m b er 23, 24, 29, 39 a n d  38.

T he sum  of th e  s ig n if ican t d ifferences of vege ta tive  ch a ra c te rs  has been 
fo u n d  to  be 5, while th a t  o f re p ro d u c tiv e  charac ters is 12. M ax im um  sign ifican t 
d ifferences are no ticed  in  c h a ra c te r  n u m b er 29 and 36 (T able  24). The nex t 
in  descending  o rder are th e  c h a ra c te r  n u m b er 24, 5 a n d  38; th e  ch a rac te r, 
n u m b e r  4 and  23 show ing no s ig n ifican t differences. A gain , we fin d  th a t ,  
w h ile  th e  species G. pneum onanthe, G. cruciata  and G. asclepiadea  show  close 
resem blances , G. ciliata  d iffers from  o th e r  species in  10 q u a n ti ta t iv e  an d  13 q u a ­
l i ta t iv e  charac ters (Table 23).

The resu lt o f our s tu d y  reveals th a t  G. ciliata show s a v e ry  low degree 
o f a ff in ity  w ith  th e  o th e r  th re e  species o f Gentiana. T he sam e species differs 
fro m  rest of th e  th ree  species b y  m ore th e n  ha lf (23 ch a rac te rs) of th e  in v estig ­
a te d  cha rac ters . T hus, its  exc lusion  from  Gentiana  appears to  be m ore probable . 
W e, th ere fo re , su p p o rt F r o e l i c h  (1796), L i n k  (1821), G r i s e b a c h  (1839) and 
T u t i n  an d  H e y w o o d  (1973) in  tre a t in g  th is  species u n d e r Gentianella.
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THE CARPOLOGICAL EXAMINATION OF WILD­
GROWING VINE SPECIES OF HUNGARY. II

Q U A L IT A T IV E  A N D  Q U A N T IT A TIV E  C H A R A C T E R IS T IC S  O F V IN E  SE E D S

By

A. T e r p ó

(DEPARTM ENT OF BOTANY AND BOTANICAL GARDENS, U N IV ER SITY  OF HORTICULTURE,
BUDAPEST)

(R eceived M arch 12, 1976)

In  th e  second  p a r t  o f th is s tu d y  th e  a u th o r  fu rn ish  th e  resu lts  of th e  m o rp h o ­
logical in v es tig a tio n s  of vine seeds. F irs t of all, on  th e  basis o f th e  scu lp tu ra l c h a ra c te r­
istics and  h a b itu s  o f V. sylvestris seeds, classes o f c h arac te rs  are se t up . The V. sylvestris 
seed is an a ly sed  on th e  basis o f th e  seeds o f 1- a n d  2-seeded berries. T he V. sylvestris 
seed is m o stly  g lobular: th e  seed beak  is sh o rt a n d  conical; th e  base of th e  seed is 
b road , cu n ea te ; th e  d o rsa l side is o f sharp  co n to u r; th e  chalasa  scu te  is b road-ov iform , 
drop  shaped  or ro u n d ; th e  fo se tte  (of th e  v e n tra l  side) are sligh tly  fu rca te  (or o f V shape) 
or of a p a ralle l course.

The seed w eigh t of th e  H u n g arian  ty p es o f V. sylvestris is be tw een  2.19 and 3.34 gr 
as against t h a t  o f V. v in ifera , w hich is also grow n in H u n g a ry , (cv. K ö v id inka, cv. 
K ad ark a , cv. K ék fran k o s e tc .), hav ing  th e ir  seed w e igh t betw een  1.79 an d  2.87 gr.

The seed n u m b er pe r b e rry  of V. sylvestris p la n ts  (on an  average of 17 sam ples) 
is 1.70. T he seed average  p e r b e rry  of th e  V. v in ifera  v a r ie ty  is h igher (2.09). A ccording 
to  th e  regression  e x am in a tio n  of th e  b e rry  vo lum e, in  th e  V. riparia  sam ple exam ined , 
th e  increase in  seed n u m b er pe r b e rry  and th e  b e rry  volum e are co rre la ted  only in  th e  
case of tw o-seeded  berries. In  V. sylvestris, in g enera l, several seeds organize them selves 
in  g reater berries.

The q ualitative characteristics o f  the seed

I  have  v ir tu a lly  g rouped  m orphological ch a rac te ris tic s  here th a t  c an n o t 
be analysed  b y  lin ea r an d  w eight m easu rem en ts , an d  on th e  basis o f th is  
I  exam ined and  described  th e  seed sam ples o b ta in e d  from  n in e  h a b ita ts . T hese 
d iagnostic  ch a rac te rs  m ay  also be called m acroscopic fea tu res  (since th e  seeds 
are  sm all, I  h av e  m ad e  th e  analysis b y  m eans o f  a stereo  m icroscope).

(1) Shape and general outline o f  the seed. V aluab le  d a ta  w ere h a v e  
been a lready  o b ta in ed  b y  th e  syn thesis  o f  th e  lin ea r m easures, re la ted  to  
regard ing  th e  sh ap e  of th e  seed. On th e  basis o f  m y  ow n resu lts  o b ta in ed  th e re , 
an d  tho se  o f  o th e r  pu b lish ed  w orks lite ra ry  d a ta , I  h av e  proposed a g rouping  
schem e for a b e t te r  su rv ey :

T h e  shape groups  o f th e  seeds are  as follow s:
(A) R o tu n d a te  seed group  (s. rotundati): F o r exam ple , (1) semen cor- 

datus, (2) s. rotundatus , (3) s. turbinatus, (4) s. quadrangularis, (5) s. quinquan- 
gularis, e tc. M ajo rity  o f o u r V. sylvestris p la n ts  accord ing  to  th e ir  seed shape 
(71% ), in  th e  s. rotundati g roup . F o r exam ple, p la n ts  N o 1, an d  15 have  ro tu n -
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Fig. 16. More im p o rta n t sh ap e  ch arac te rs  o f V. sylvestris and  V. riparia  seeds. D orsa l side: 
a — h chalaza  scu ta te  an d  seed shape h ab itu se s; a — d V. sylvestris, e — h V. riparia  (draw ing

by I. K iss )

d a te  seeds; p lan ts  No 2, 5, 6 and  have  q u a n d ra n g u la r  seeds; [lian ts No 6, 16 
an d  21 have q u in q u a n g u lä r  seeds.

(B) Slender, e lo n g a te  seed group  (s. elongati); here  belong p la n ts  N o. 10 
an d  23 (s. obovatus), and  19 (s. ellip ticus), e tc.

(2) The apex o f  the seed (apex sem in is)  is m ostly  c learly  b u t  shallously  
inc ised  in  th e  m iddle. I t s  tw o lobes are  s ligh tly  rounded . T he base o f  th e  seed 
(basis s.) is ch a rac te ris tic , being u sua lly  w idely cunea te ; it  form s th e  coniform  
seed ro s tru m  (rostrum  s .), w hich is ch a ra c te ris tic  o f the  m a jo rity  o f th e  speci­
m en s. O nly a few of th e  p la n ts  have  a cy lin d rica l (necked) ro s tru m ; i t  is u sua lly  
m o d e ra te ly  th ick  an d  th in  ro stru m  is ra re . T he surface of th e  ro s tru m  is often  
rugose. T he location  of th e  furrow s also depends on the  rad ia l s tr ia tio n  run n in g  
dow nw ards from  th e  b ase . T he ro s tru m  is m ostly  cylindrical in cross-section , 
its  apex  is shallow ly b ilo b a te ; in 20%  o f th e  specim ens c lav a te ; in m ore th an  
h a lf  o f th e  specim ens s tra ig h t, in  a few  cases (see p lan ts  10 and  24) i t  defin ite ly  
cu rves v en tra lly .

(3) The shape o f  the seed in  a side view  m ain ly  depends v a r ia tio n  o f th e  
d o rsa l p a r t , and to  less e x te n t on th a t  o f th e  v en tra l. In  th e  case o f one-seeded 
b erries , also th e  v e n tra l  side in fluences th e  profile  of th e  seed. W ith  reg ard  
to  th e  la te ra l view , w eeds of th e  follow ing form s can be d is tin g u ish ed :
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Fig. 17. V en tra l side: a — h ty p es o f fo se tte s; a fu rca te , b tu rn in g  o u tw a rd s , b racketed , c and  d 
hook-shaped, e para lle l, f  and  g  b ran ch in g  off, h tu rn in g  in w ards, b ra ck e te d  (draw ing by

I. K iss)

(1) o v a te ,
(2) g u ttifo rm ,
(3) sp ider-backed ,

(a) f la t  sp ider-backed , e tc .
(4) a rc u a te  beetle  backed ,

(a) f la t  b eetle-backed , e tc .
(5) s tra ig h t o f fla t-bod ied
(6) b en t or c rescen t-shaped .

In  V. sylvestris, th e  general shape  profiles are : in  one-seeded berries th e  
seed is ovate, in  tw o-seeded berries i t  is f la t  beetle-backed an d  f la t  spider-backed  
in V. r iparia :  i t  is th e  a rc u a te  or beetle-backed  seed. T he cha rac teris tic  
sp ider-backed  ty p e  occurs in  o n e -th ird  of th e  specim ens. In  a lesser q u a n tity  
th e  so-called s tra ig h t (fla t)-bod ied  seeds are  also rep resen ted .

(4) The seeds o f  V . sylvestris specim ens exam ined  a re  yellow ish-brow n 
or chocolate-brow n in  colour. T he  m a tu re  seeds g rad u a lly  becom e rust-co lou red . 
The seeds rem ain ing  in th e  d ry  b e rry  shell p reserve th e ir  orig inal colour for 
a longer tim e . T he seeds of V. sylvestris are  m ore or less glossy w hereas th o se  
o f V. riparia  seeds are  v io let b row n and  ra th e r  dull.

(5) T he o th e r ch a rac te ris tic  o f V. sylvestris is the accentuation or sharpness 
o f  the seed sculpture  a general fe a tu re  in  th e  m ateria l ex am ined . By exam ining
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F ig . 17a. 1 Grape seed p ro file s: а — с V. sylvestris , a  an d  c f la tte n e d , sp ider-b ack ed , d V. ripa- 
ria , r ib b ed . 2 Chalaza sec tio n s, a convex, b convex , recessed c — e concave ty p es  (d raw ing  by

I. Kiss)

th e  do rsa l side, i t  could  b e  estab lished  th a t  b o th  th e  dorsa l can a l (canalis d o r­
sa lis) an d  th e  chalaza d is tin c tly  a p p e a r to  he of a d e fin ite  fo rm . T he rad ia l 
s tr ia e  of the  scu tum  o f th e  chalaza a re  developed in all d irec tions in 50%  
o f  th e  m ateria l; in  th e  seeds of a few p la n ts  th e y  are c h a ra c te ris tic  only on th e  
tw o  sides of the dorsal c an a l. T he dorsal can a l (running from  cha laza  to  ro strum ) 
g en era lly  does n o t h a v e  a n y  side p ro tu b e ra n c e  (gibba bazalis) e ith e r in  V. 
sylvestris  or V. riparia . O n ly  ra re ly  i t  occurs in sy lvestris , p rim arily  in th e  
case  o f  one seeded b e rrie s , am ong ou r p lan ts , No. 2 has a ch a rac te ris tic  
side p ro tuberance  (T ab le  3).

(6) A fea tu re  re g u la r ly  in  th e  ch a rac te riza tio n  o f V. sylvestris is the 
shape o f  the ehalazal scu tum . C o n tra ry  to  th e  published d a ta , th e  so-called 
co m p le te ly  ro tu n d a te  eh a laza l scu tu m  w as n o t freq u en t, i t  occured only  in 
fo u r  specim ens. T he w id e ly -o v a te  (g u ttifo rm ) scutum  ap p ea red  w ith  a higher 
freq u en cy .

T h e  ehalazal sc u tu m  is d is tin c tiv e ly  delim in ited  from  th e  sides o f th e  
b o d y , b y  a sm all ho rseshoe-shaped  or c ircu m am b ien t can a l. I t s  cross-section 
is  u su a lly  convex, in  a sm alle r p ercen tag e  concave. In  th e  la t te r  case a n arrow  
rid g e  runs around th e  edge o f th e  canal. In  a g rea te r n u m b e r of specim ens, 
th e  chalaza scu tum  w as aligned  w ith  th e  su rro u n d in g  seed su rface  or i t  was 
s lig h tly  elevated.
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F ig . 18/1

F ig . 18/2

F ig . 18/3

Fig. 18. W ild-grow ing V. sylvestris a n d  V. riparia  seeds, from  dorsal an d  v e n tra l view , in  a 
com parison  w ith  th e  V. vin ifera  L. cu ltiv ars grow n in  H u n g ary . V. sylvestris: 1 Szentlôrinc, 
2 Sim onfa No. 51, 3 C soszpuszta No. 9, 4 C soszpuszta N o. 10, 5 H áros No. 2, 6 Begov H. Y U .; 
V. riparia: 7 H áros No. 11/10, 8 P ap sz ig e t 9 H áros, N o. X V -A ; V. vin ifera: 10 cv. F u rm in t, 

11 cv. H árslevelű , 12 cv. R ed  tram in i
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F ig. 18/4

F ig . 18/5

F ig . 18/6
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!

F ig . 18/6

F ig . 18/7

F ig . 18/7
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F ig . 18 /8

F ig . 18/9
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(7) S im ilarly  n o ticeab le  fea tu res for c lassifica tion  can be  found  on th e  
ventral side o f the seed. T h e  m ost sign ifican t am ong them  are th e  fosettes 
(fossae  s.); th e ir  sy s te m a tiz a tio n  im proves th e  descrip tion  of th e  seeds to  a 
g re a t ex ten t, and  th u s  a re  useful in taxonom ic  w orks. T he decurrence of th e  
fo se tte s  are also to  be  considered i.e .: ( a )  fo rked  f  V -sh a p ed ), (b )  parallel, 
( c )  semicircular ( bracketed)  tu rn in g  to w ard s th e  d irec tion  o f  th e  rap h e . T heir 
sh ap e  is sim ple, s tra ig h tly  cana licu la te , shallow ly tro u g h -sh ap ed , or b ranch ing  
in to  la te ra l furrow s. T h ere  also occured  u n c in a te  an d  J  o r L -shaped  wdth 
a fo se ttes short basa l sec tio n ; these  la t te r  are  f req u en t in  V. sylvestris.

T h e decurrence o f  th e  furrow s is overw helm ingly  fu rca te  (60—70% ) 
th o u g h  parallel fu rrow s are  also freq u en t; here an d  th e re  b rack e ted  v e n tra l 
forrow s were also fo u n d  in  V . sylvestris an d  riparia. In  th e  seeds of th e  la t te r  
species th e  v en tra l fu rro w  is fu rca te .

T he te rm in a tio n  o f  th e  fosettes can  also be  c h a rac te ris tic . In  our m ateria l 
th e y  usually  ended  us in  th e  u p p e r th ird  of th e  body , a b ru p tly  or in d is tin c tly  
( th a t  is, th ey  reach ed  tw o -th ird s  of th e  body). D ow nw ards, th e y  ru n  ou t in  
in d e fin ite  form  on to  th e  ro stru m  of along th e  ro s tru m  to  th e  m arg in  of th e  
seed ; m ore rare ly , w ith  a d efin ite  (pronounced) ending. I t  should  be n o ted  th a t ,  
in  general unfurcate fosettes  or those  h av in g  only in s ig n ifican t side branches 
are frequent. The seeds from  “ C sőszpuszta”  (No. 11) h ad  p ronounced  fu rca te  
(lo b a te ) v en tra l fo se tte s . T he furrow  m ay  be shallow  or deep or in d is tin c t. 
T he v en tra l fosettes o f  b o th  th e  sylvestris and  th e  riparia  p la n ts  are  usually  
deeper, w ith sharp , d e fin ite  outlines.

Sum m arizing th e  q u a lita tiv e  ch a rac te rs  o f th e  exam ined  V. sylvestris 
s ta n d  —  in the  d esc rip tio n  of w hich I have p rim arily  ta k e n  in to  considera tion  
th e  one-seed and  tw o-seeded  berries —  i t  can  be s ta te d  th a t  th e  seeds are  
m o stly  ro tund , th e ir  ro s tru m  is sh o rt an d  coniform , th e ir  apex  w ith  a shallow  
b u t  w ide incision; th e  end  o f th e  apical lobes is s tra ig h t th e ir  angles are  sligh tly  
ro u n d ed . The base o f th e  seed is usually  w idely  cunea te  (sloped). T he p eak  of th e  
ro s tru m  is sligh tly  b ilo b a te  only ra re ly  in c rassa te  (c lav a te ); th e  ro stru m  is 
s tra ig h t, rarely  a rc u a te . T h e  shape p ro file  of th e  seed is m ostly  f la tte n e d  spider- 
b ack ed  or fla tly  b ee tle -b ack ed . The dorsa l side shows a sh a rp  pro file ; th e  chalazal 
sc u tu m  is rounded  o r m ore freq u en tly  w idely  ov a te , g u ttifo rm , th e  canalis 
dorsa lis  is conspicuous, th e  basa l p ro tu b eran ce  (g ibba b.) is ra re ly  developed. 
T h e  fosettes of th e  v e n tra l  side are m o stly  fu rca te  (V) or para lle l, s tra ig h tly  
can a licu la te  (fossae can a licu la tae ), u n c in a te  or J -  or L -shaped  on ra re ly  p ro ­
n o u n ced  and ram ify in g . T he fosettes u su a lly  reach  tw o -th ird s  of th e  body .
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The w eight o f  th e  seeds

O nly a few  p u b lish ed  d a ta  on th e  w e ig h t of th e  seeds of w ild grapes are  
availab le . Go eth e  (1881) em phasizes th a t  th e  d iagnostic  ch a rac te r o f w eigh t 
is ex trem ely  c o n s ta n t in  th e  species; i t  is be tw een  1.4 an d  5.8 g in  b o th  th e  
E u ro p ean  an d  th e  A m erican  species. P o t e b n j a  (1911) d istinguishes 3 g roups 
of c u ltiv a te d  grapes on th e  basis o f w e ig h ts : lig h t-w eigh t up  to  3 g, m ed ium - 
w eight be tw een  3— 4 g, and  heavy  w eigh t ab o v e  4 g, on th e  basis of th e  average  
w eight o f  100 seeds.

K i r c h h e i m e r  (1955) pub lished  in te re s tin g  d a ta  o n  th e  seed w eigh t o f  

V . sylvestris: th e  av erag e  w eight o f  th e  seeds o f  U pper R h in e  p lan ts  a re  2 .54, 
2.52, 2.13 g; th a t  o f  th e  D an u b e-b an k  p la n ts  o f  U p p er A ustria  is 2.53 g, 
per h a b ita t .

T h e  average  w eigh t of th e  seed specim ens of som e o f th e  h a b ita ts  is as 
follow s:

V. sylvestris V. vinifera (a fte r  F acsar)

g g
10. C sőszpuszta N o. 10 2.190 K ö v id in k a 1.792
— C sőszpuszta No. 3 2.568 K ad ark a 2.584
20. F ek e teerd ő  N o. 4 3 345 K ék fran k o s 2.871
23. H áros No. 2 2.826 Medoc no ir 2.140

V. riparia Stock-vines

10. H áro s No. 3/75 1.862 1616 С. 2.039
— H áros H — 11/10.17 1.132 T - К  588 2.047
— C songrád No. 5a 1.405
— M indszent No. 8/75 1.742

I t is rem ark ab le  th a t  the tin y  seeds o f V. riparia  also show a re la tiv e ly
g rea t v a r ia b ility . V. sylvestris specim ens N os 20 an d  23, from  areas a long  th e  
D anube , are o f v a ry in g  w eights and  th e y  a re  ra th e r  h eav ie r  in com parison  to  
th e  d a ta  p u b lished  b y  K i r c h h e i m e r . In  all specim ens, th e  seeds o rig in a tin g  
from  four-seeded  berries were alw ays lig h te r  th a n  th o se  from  one-seeded or 
even from  th ree-seeded  berries.

The num ber o f  seed s per berry

Seed p ro d u c tio n  is considered am ong  th e  essen tia l ch a rac teristics o f  th e  
w ild v ine  species, as in  th e  case of basic species from  tw o v iew poin ts. O ne 
should  like to  know  to  w h a t e x te n t th e  seed n u m b er p e r b erry  is a ty p ic a l, 
c o n s tan t d iagnostic  ch a rac te ris tic  o f th e  v a rious species. Is  th e re  an y  d iffe r­
ence betw een  th e  popu la tio n s of th e  species liv ing  in  d ifferen t co n d itions. 
F u r th e r  w h a t role is p layed  by  seed p ro d u c tio n  in th e  su rv iv a l of th e  species 
and  in  ev en tu a l tendencies to  increase th e  h a b ita t .  B o th  species d iscussed
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P la te  V I.  The las t p is tilla te  V. sylvestris p lan t o f th e  Is lan d  of H áros (alongside the  D an u b e
(p a in ted  b y  Mrs L e x a )
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in  th is  pap er in v es tig a ted  th is  e n q u iry ; V. sylvestris because i t  is becom ing 
e x tin c t, and  V. riparia  because i t  a t tra c te d  a tte n tio n  b y  ex ten d in g  its  range.

K irch h eim er  (1955) exam ined  V . sylvestris m ate ria ls  o rig in a tin g  from  
areas  sim ilar to  th e  h a b ita ts  of o u r w ild vines. A ccording to  his d a ta , th e  seed 
n u m b e r per berry  o f  V. sylvestris in h a b itin g  groves along th e  D an u b e  in  Low er 
A u str ia  is as follows:

Habitats and  berry number

Seed number Stadt (400)
%

Eckartsau (900)
%

i 44.0 42.6

2 21.5 32.0

3 22.0 18.3

4 11.5 6.3

5 1 .0 0.6

6 — 0.2

T he a u th o r o b ta in ed  sim ilar seed ra tio s in th e  U pper R h in e  h a b ita ts  
used  fo r com parison. F o r exam ple, 63%  o f th e  m a te ria l collected  from  th e  
islan d  in th e  R h in e  a t  K etsch  consisted  o f 1- and  2-seeded berries; on ly  25%  
o f i t  was 3-seeded. H e exam ined  m ate ria ls  of a sim ilar d is tr ib u tio n  near 
G erm ersheim  (1- an d  2-seeded 6 8 % , 3-seeded 15% ). In  th e  m a te ria l near 
S peyer (O tte rs ta d t) , 80%  o f th e  berries w as 1- an d  2-seeded, on ly  9 %  o f th em  
co n ta in ed  3 seeds.

I have com piled  tab les o f th e  seed p ro duc tion  o f th e  w ild-grow ing vines 
o f  H u n g a ry  (Tables 7, 8). I t  ap p ears  from  b o th  tab les  th a t  th e re  a re  con­
s id erab le  differences betw een  th e  tw o  species concern ing  seed n u m b e r per 
b e rry  o f  th e  specim ens, e ith er be tw een  th e  tw o species o r w ith in  th e  tw o  species 
them selves. In  a d d itio n , differences occur w ith in  th e  s tan d s  o f  th e  various 
h a b ita ts . C om paring K ir c h h e im e r ’s and  ou r d a ta , o b ta in ed  from  th e  p lan ts  
a long  th e  banks o f  th e  D anube, th e  p ercen tage  o f seed p ro d u c tio n  p er berry  
show s a surprising  p ic tu re , m ean ing  a lm o st a coincidence of d a ta . In  th e  case 
o f  specim en No. 13 (F ek e tee rd ő , N o. 4, n ea r M osonm agyaróvár), th e  p e rcen t­
age ra tio  of th e  1- an d  2-seeded b erries  is 86% , in  specim en N o. 14 i t  is 65% , 
in  specim en No. 15 i t  is 70% .

I t  is w orth  w hile to  com pare th e  specim ens 15 and  16, since th e  p la n t is 
th e  sam e, th e  only  d ifference being  th a t  th e  m a te ria l o f N o. 16 w as collected 
in  1969, while th a t  o f No. 15 in 1975. T h e  difference is no t su b s ta n tia l:  for 
exam ple , th e  n u m b e r o f 1-seeded berries is 45 an d  4 4 % , th a t  o f  th e  two- 
seeded berries is 25 an d  32% , th a t  o f  th e  3-seeded berries is 18 an d  16% . 
C onsidering th e  av erag e  of th e  17 specim ens (1.705), I  th in k  th a t  th ese  seed 
p ro d u c tio n s are  re la tiv e ly  very  good.
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Tabic 7

Seed number per berry in  V. sylvestris specim ens obtained in  H ungary and fro m  abroad — B ulgaria ( BG) ,  R oum ania  (R )
and Yugoslavia ( Y U )

1-seeded berry 2-seeded berry 3-seeded berry 4-seeded berry 5-seeded berry 6-sceded berry
Average

n % „ /О n % n % n % n %

1. K esztölc IN о. 4 9 36.0 5 20.0 6 24.0 4 16.0 l 4.0 __ — 2.32 25
2. No. 14 7 70.0 3 30.0 — — — — — — — — 1.30 10
3. No. 36/74 11 40.8 12 44.4 4 14.8 — — — — — 1.74 27
4. No. 50 4 40.0 6 60.0 — — — — — — — — 1.60 10
5. Szendehely I I I . 13 52.0 5 20.0 6 24.0 1 4.0 — — — — 1.40 25
6. Szendehely X I. 5 20.0 15 60.0 5 20.0 — — — — — — 2.00 25
7. Csőszpuszta

2.02 100No. 3/75 33 33.0 43 43.0 14 14.0 9 9.0 l 1.0 — —
8. No. 9/75 41 58.6 22 31.4 7 10.0 — — — — — — 1.51 70
9. B o ty k ap e terd

1.67 1000No. 1/68 535 53.5 295 29.5 138 13.8 32 3.2 — — — —
10. Sim onfa No. 1 15 60.0 6 24.0 4 16.0 — — — — — — 1.56 25
11. No. 51 11 44.0 9 36.0 4 16.0 1 4.0 — — — — 1.80 25
12. No. 53/24 39 21.4 74 40.7 53 29.1 15 8.3 l 0.5 — — 2.25 182
13. Feketeerdő

No. 4 110 57.0 56 29.0 27 14.0 — — — — — — 1.56 193
14. Papsziget No. 1 91 54.5 36 21.5 29 17.4 9 5.4 i 0.6 1 0.6 1.77 167
15. H áros No. H-S2/

37575 170 45.3 94 25.0 70 18.7 40 10.7 l 0.3 — — 1.95
16. H áros No. II-S2 /

69 180 44.0 132 32.3 69 16.8 28 6.8 — — — — 1.86 409
17. H áros No. 100 402 80.5 91 18.0 5 1.0 2 0.5 — — — — 1.21 500

2.' 1676 904 441 141 5 l 1.70 3168
О/о 53.00 28.50 14.00 4.45 0.15 0.03

1 . BG KAM. No. 1 31 57.0 12 22.0 8 14.0 3 5.0 1.68 54
2.
3.

R  T oplet No. 5 
YU  MAC Vinica

75 62.0 37 31.0 8 7.0 — — — — — — 1.50 120

No. 2 547 66.4 240 29.1 34 4.1 2 0.2 1.38 823
4. YU  MAC B latec

No. 4 374 65.0 84 30.0 9 5.0 1 0.7 — — — — 1.22 468
5. YU B Zenica VI. 340 40.0 385 45.0 111 13.0 15 2.0 — — — — 1.76 851
6. YU -B Doboj IV. 258 75.0 67 20.0 15 4.0 4 1.0 — — — 1.31 344

V 1625 825 185 25 1.48 2660
О//О 61.09 31.01 6.95 0.93
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Table 8

Seed number per berry o f  V. riparia  p lan ts growing w ild  along the rivers D anube , Tisza  and Bodrog

1-seeded berry 2-seeded berry 3-seeded berry 4-seeded berry 5-seeded berry 6-seeded berry
Average

n % n % n % n % il % n о//о
n

1.

Danube 

H áros R2 152 43.2 129 36.7 44 12.5 21 5.9 6 1.7 1.86 352
2. R5 398 65.9 178 29.4 24 4.0 4 0.7 — — — — 1.39 604
3. 117 186 38.3 210 43.2 74 15.2 16 3.3 — — — — 1.83 486
4. No. 21/68 190 38.5 188 38.1 93 18.9 22 4.5 — — — — 1.89 493
5. No. 22/68 271 41.7 262 40.3 94 14.5 23 3.5 — — — — 1.79 650
6. No. 23/68 383 39.4 457 47.0 113 11.6 19 2.0 — — — — 1.86 972
7. No. 24/68 244 40.7 281 46.8 73 12.2 2 0.3 — — — — 1.72 600
8. No. 25/68 296 59.2 147 29.4 49 9.8 8 1.6 — — — 1.53 500
9. No. 26/68 78 9.0 230 26.3 354 40.5 211 24.2 — — — 2.79 873

10. No. 3/75 29 29.0 31 31.0 25 25.0 13 13.0 l 1.0 l 1.0 2.29 100
11. No. 11/75 33 33.0 44 44.0 20 20.0 3 3.0 — — — — 1.93 100
12. K.V/75 179 33.9 253 47.9 88 16.6 8 1.5 — — — — 1.85 528
13. HA-105 152 38.0 166 41.5 54 13.5 28 7.0 — — — — 1.89 400
14. HA-104 184 36.8 207 41.4 86 17.2 23 4.6 — — — — 1.89 500

15.

T  isza

Toserdo No. K2 13 13.0 32 32.0 37 37.0 17 17.0 l 1.0 2.61 100
16. M indszent

No. 6/75 41 41.0 42 42.0 12 12.0 5 5.0 1.81 100
17. No. 8/75 10 10.0 39 39.0 37 37.0 14 14.0 — — — — 2.55 100
18. No. 10/75 148 69.1 54 25.2 10 4.7 1 0.5 l 0.5 — — 1.37 214
19. Csongrád III/7 5 28 21.9 52 40.6 41 32.0 5 3.9 2 1.6 — — 2.22 128

20.

Bodrog

Bodrogkeresztúr 
No. 7 35 63 228 40.7 201 35.9 96 17.1 2.63 560
No. 9 215 26.6 398 49.2 167 20.7 28 3.5 — — — — 2.01 808

V
О/о

3265
35.61

3628
39.57

1696
18.49

567
6.18

11
0.11

l
0.01

1.956 9168
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2 6 2 TERPÓ , A.

Table 9
Seed number by berry o f  the general V. v in ifera  cultivars growing in  H ungary

1-seeded berry 2-seeded berry 3-seeded berry 4-seeded berry
Average

n 0 /
/О n % n % n %

1. K övidinka 1972 51 10 129 26 187 37 133 27 2.80 500
2. Olaszrizling 1972 81 16 230 46 145 29 44 9 2.30 500
3. R ad ark a  1972 163 33 231 46 90 18 16 3 1.91 500
4. K ékfrankos 1972 280 56 165 33 45 9 10 2 1.57 500
5. Rizlingszilváni

1974 8 16 25 50 11 22 6 12 2.30 50
6. M. O ttonel 1974 33 33 44 44 18 18 5 5 1.95 100
7. Chasselas 1974 60 60 27 27 13 13 — — 1.53 100
8. R ed  tram ini 1974 81 81 18 18 1 1 — — 1.20 100
9. B án á ti rizling

1974 22 22 36 36 31 31 11 11 2.31 100
10. Olaszrizling 1974 19 19 41 41 30 30 10 10 2.31 100

E 798 946 571 235 — 2.09 2550
% 31.29 37.09 22.39 9.21

T h e  V. sylvestris p la n ts  do n o t b ring  a b e tte r  y ield  or ra t io  in m ore 
so u th e rn  areas (for ex am p le , in  Y ugoslav ia) e ith er. A ccording to  th e  tab le , the  
sm a lle s t average p e r b e r ry  (1.22) occurs in  th e  M acedonian  grapes. T heir 
a v e ra g e s  per berry  —  1.38— 1.76 —  are v e ry  low, considering  th e  fact th a t  
th e  te m p e ra tu re  co n d itio n s  are  m uch m ore fav o u rab le  th e re . P ro b ab ly  th e  
d ioec ious n a tu re  of th e  v in e  p la n t is one o f  th e  causes th a t  th is  re la tiv e ly  low 
seed  p ro d u c tio n  rem ain s on  th e  sam e level.

A n o th e r in te re s tin g  phenom enon  is th a t  in  a few h a b i ta ts  in  H ungary  
(fo r exam ple , No. 1, K esz tö lc  4, in  th e  Pilis M o un ta in ; an d  N o. 7, C sőszpuszta 3, 
in  th e  B akony M o u n ta in s), th e  average  va lu e  o f  seed p ro d u c tio n  per berry  
in  V . sylvestris is ab o v e  2 .0 . T h e  average o f V. riparia  specim ens in  essence 
also  reaches th a t v a lu e , b u t  th e  in te rv a l betw een  th e  ex trem e  av erag e  values 
is m u c h  higher in th is  species, even betw een  tw o p la n ts  o f th e  sam e h ab ita t. 
O n th e  island of H áro s in  th e  D anube, th e re  occur seed averages o f 1.39 and 
2 .79  p e r  berry , b u t th e  s itu a tio n  is v e ry  sim ilar also in  th e  s ta n d s  along th e  
r iv e r  T isza.

In  general, th e  a v e rag e  of 3 seeds p er b e rry  alw ays p resupposes th a t  th e  
sum  o f  th e  ratio  o f th e  tw o-seeded  an d  th ree-seeded  berries b e  g rea te r th an  
t h a t  o f  th e  one-seeded an d  tw o-seeded ones to g e th e r. T h e  m o re  ab u n d an t 
seed p roduction  of V . r ip a ria  also co n trib u tes  to  th e  rap id  an d  re la tiv e ly  m ass 
ren ew a l pro liferation  o f  th is  p la n t. This is a cond ition  o f only  a sm aller im p o rt­
an ce  in  th e  mass p ro life ra tio n  o f th is  species; th e  decisive ro le  as a whole is 
p la y e d  by  th e  re la tiv e ly  ex ten siv e  resistance  o f th e  p la n t a g a in s t diseases and 
in se c t pests and b y  its  specia l ecological req u irem en ts .

F ina lly , we su m m arized  in  a sep a ra te  ta b le  th e  d a ta  o f  V. vinifera  
-cu ltivars (Table 9) w hich  w ere regu larly  used as con tro l m a te r ia l in our V.
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Plate V I I .  V itis riparia  w ith  b ran ch ed  an d  loose c lusters, from  th e  
p lains be tw een  th e  B odrogs (T okaj, B odrogkeresztúr)

Plate V I I I .  V itis  riparia  from  th e  willow groves alongside th e  r iv e r 
T isza , from  th e  side o f C songrád (p a in ted  b y  V. C s a p o d y )
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sylvestris  researches. T h e ir seed average per b e rry  is above 2.0. T h e  h igher seed 
av e rag e  per b e rry  o f V. vin ifera  varie ties, as deoecious p lan ts , deserves a tte n tio n  
in  a n y  fu rth e r  V . sylvestris  researches.

C orrelations betw een seed num ber per berry and berry  size

B erry  size an d  th e  seed n u m b er p e r b e rry  concern p rim arily  to  cu ltiv a te d  
p la n t  tax o n o m ists  an d  a rch eo b o tan is ts  and  la s t h u t  no t least specia lists  in  th e  
f ie ld  of p rac tice . As a consequence of th e  a llom etric  grow th process, th e  u t i l ­
ized  organs of a p la n t m ay  grow to  a m u ltip le  ex ten t and  m ore pow erfu llv  
th a n  th e  whole p la n t, o r its  o th e r, non -u tilized  p a r ts . The b e rry  size o f th e  v ine  
p la n t  has also increased  considerab ly  in  th e  w ak e  o f several th o u san d s  years 
o f  cu ltiv a tio n  an d  se lection . A ccording to  N e g r u l ’ (1960), p a ra lle l w ith  th e  
in c rease  in  size o f th e  b e rry  th e  seed also becam e greater. H e con firm ed  i t  by  
ca lcu la tio n s (co rre la tio n  coeffic ien t R =  0.66 T: 0.048; each m m  of b e rry  
increase  rep resen ts a 0.27 m m  increase in th e  seed). A t th e  sam e tim e , o f several 
species, re la tiv e ly  large  berries in seeds on ly  o f sm all size develop . T he la t te r  
s ta te m e n t has p rev io u sly  been  proved  also in  th e  tw o basic species.

R ecen tly , S c h u m a n n  (1972, 1973) d e a lt w ith  th e  effect o f  seed n u m b er 
on th e  size o f th e  b e rry  and  its guice p ro d u c tio n  in V. v in ifera . H is resu lts  
co rro b o ra te  fo rm er researches (Mü l l e r — T h u r g a u  1908 e tc .), accord ing  to  
w h ich  berries w ith  a g re a te r  seed n u m b er a re  la rg e r th a n  th o se  w ith  a sm aller 
seed  n u m b er, b u t  th e ir  econom ic va lu e  m ay  be  lesser. The size values re la ted  
to  one seed th e  species, an d  show ed a lin ear co rre la tion  w ith  a 0 .21— 0.67 cm 3 
in crease  in  value .

Several au th o rs  (e.g. N e g r u l ’ l.c. L e v a d o u x , l.c.) deduce th e  varie ties  
o f  V . vin ifera  d ire c tly  from  th e  p o p u la tio n  o f  V. sylvestris. T herefo re  w e fe lt 
i t  necessary  to  e s tab lish  th e  co rre la tion  b e tw een  wild seed n u m b e r p er b e rry  
an d  b e rry  size also in som e rep resen ta tiv es  o f th e  p a ren t v ine  species. W e h av e  
also  draw n in to  ou r in v estig a tio n s th ree  V. riparia  types (H áros No. 3, H áros 
N o . 11/10 and  H áros No. X V /A), in a d d itio n  to  th e  four V. sylvestris  form s 
(C sőszpuszta N o. 3, C sőszpuszta No. 9, F ek e tee rd ő  No. 4, H áro s N o. 2). 
W ith  the  excep tion  o f  one sam ple  th e  specim ens ap p ear in  th e  ta b le  of seed 
n u m b e r  per b erry .

T he exam in a tio n s, con d u c ted  b y  m eans o f regression analyses, h av e  in 
g en era l confirm ed th e  re su lts  ob ta in ed  for th e  V. vin ifera  va rie tie s  (S c h u m a n n ,
l.c .). T he leng th  o f th e  b e rry  an d  th e  increase in  seed num ber p e r b e rry  show ed 
a p ositive  co rre la tion , w hich is generally  un i-d irec tio n a l in all exam ined  p la n ts  
a n d  w hich proves th e  correctness of our ev a lu a tio n  of th e  re su lts  o b ta in ed  
d u rin g  our stud ies an d  m easu rem en ts. As h as  been in d ica ted  earlier, in  th e  
m a jo r ity  of specim ens m ost o f th e  seeds grow  in general in  th e  la rg est berries.
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Table 10

Regression equations, coefficients and the data p a irs o f  the correlation between berry- 
length and seed number per berry (see. F ig. 17)

Vitis sylvestris 
specimens

Correlation
coefficient

Regression coeff. and 
significance

Regression equation D ata pairs

Csőszpuszta No. 3 r =  +  0.67 b =  0.78 ±  0.086 Y -  0.78 X — 3.87 n  =  100

Csőszpuszta No. 9 r  =  + 0 .5 8 b =  0.56 ±  0.094 Y =  0.56 X — 2.61 n =  70

Feketeerdő No. 4 r =  +  0.70 b =  0.62 ±  0.063 Y =  0.62 X — 3.73 n =  100

H áros No. 2 r  =  +  0.45 b = = 0.48 ±  0.094 Y =  0.48 X — 1.69 n =  100

Table 11

Regression equation , coefficients and  the data pa irs o f  the correlation betiveen berry 
diameter and seed number by berry (see. F ig. 18)

Vitis sylvestris 
specimens

Correlation
coefficient

Regression coeff. and 
significance

Regression equation D ata pairs

Csőszpuszta No. 3 r  =  +  0.78 b = 0.68 ±  0.054 Y =  068 X — 3.55 n =  100

Csőszpuszta No. 9 r =  +  0.77 b 0.62 ±  0.060 Y =  062 X — 3.25 n =  70

Feketeerdő No. 4
COо+II1ч b =  0.68 ±  0.048 Y  =  0.68 X — 4.42 n =  100

H áros No. 2 r =  +  0.56 b =  0.57 ±  0.085 Y  =  0.57 X — 2.31 il =  100

Table 12

Regression equation , coefficients and data pa irs o f  the correlation betiveen berry 
length and seed number per berry (see F ig . 19)

Vitis riparia 
specimens

Correlation
coefficient

Regression coeff. and 
significance

Regression equation D ata pairs

H áros No. 3 r  =  +  0.85 b =  1.01 ±  0.063 Y  =  1.01 X —4.92 n =  100

H áros No. 11/10 r  =  +  0.90 b =  1.27 ±  0.062 Y  - 1.27 x - 6 . 5 9 n =  100

H áros No. XY-A г =  +  0.88 b =  0.75 ±  0.056 Y  =  0.75 X — 3.44 n =  50

Table 13

Regression equations, coefficients and data pa irs o f  the correlaton betiveen berry 
diameter and seed number per berry (see F ig. 19)

Vitis riparia 
specimens

Correlation
coefficient

Regression coeff. and 
significance

Regression equation D ata pairs

H áros No. 3 r  =  +  0.83 b = 0.90 ±  0.051 Y -  0.90 X  4.62 n =  100

H áros No. 11/10 r =  +  0.91 b = 1.10 ±  0.050 Y  =  1.10 X — 5.77 n =  100

H áros No. XV-A r  = +  0.91 b - 0.63 ±  0.039 Y =  0.63 X — 2.99 n  =  50
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I t  also h as  been po in ted  o u t  ea rlie r th a t  th e  seeds becom e sh o rte r  in  th e  case 
o f  3— 4 seeds per b e rry  a n d  th a t  grow m ore slow ly. T heore tically , therefo re , 
th e  fle sh  m ea t o f th e  b e r ry  m ay  increase a t  a g rea te r  p ro p o rtio n  in  th e  case 
o f  b e rrie s  w ith  higher seed -n u m b er (3— 5) th a n  in  th e  case of 2- an d  3-seeded 
b e rrie s .

T h e  in ter- and in frasp ec ific  dev ia tions an  in fraspecific  ones are  w orthy  
o f  specia l a tten tio n  in  th e  regression analysis. T h e  g raphs show  conspicuously 
reg u la ritie s  which —  a lth o u g h  show ing errors to  a ce rta in  e x te n t, y e t a t  the  
sam e tim e , is ch a rac te ris tic  o f th e  tw o species, an d  m an ifesting  i tse lf  in  the  
d ev ia tio n s  (Figs 17— 20).

T h e  line d e m o n s tra tin g  th e  co rre la tion  betw een  berry  len g th  and  seed 
n u m b e r  p e r berry  o f “ C sőszpuszta  No. 3”  am ong th e  V. sylvestris specim ens 
is th e  m o st ab ru p t; i t  is ch a rac te ris tic a lly  aligned w ith  th e  d irec tio n  o f th e  
lines o f  V . riparia  specim ens (F ig. 17). T he b e rry  o f th is  p la n t can  be  consid-

Fig. 19. C orrelation  betw een b e rry  len g th  and seed n u m b er per be rry  in  V. sylvestris specim ens

Fig. 20. C orrelations be tw een  b e r ry  d iam eter an d  seed n u m b er pe r b e rry  in  V. sylvestris spe­
cim ens
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ered  to  be  o f m edium  size on th e  level o f  w ild vines. In  general, th e  f irs t  
v iab le  seed can be  expected  to  a p p e a r a t  5.0 an d  6.5 mm len g th s , w hile betw een
7.0 and 8.0 m m  tw o viable seeds m ay  a p p e a r. An ind iv idual new  seed u sua lly  
ap p e a rs  a t  a b e rry  leng th  increase o f  1.3 m m  w hich is 24%  o f th e  one-seeded 
b e rry  an d  13%  of th e  tw o-seeded b e rry . In c id en ta lly , 76%  o f th e  berries are  
one- o r tw o-seeded  berries.

T h e  re la tio n sh ip  betw een b e rry  len g th  and  seed n u m b e r is expressed  
b y  a less a b ru p t line of th e  tw o  V. sylvestris  p lan ts  w hich  grow  along th e  
D a n u b e  (N o. 20, F eketeerdő  N o. 4; N o. 23, H áros No. 2). T hese  have la rg e r 
b e rrie s  an d  b igger seeds; in  m o st o f th e  cases, a new seed can  be expec ted  
a t  a 1.6 and  a 2.1 m m  increase. In  th ese  p la n ts , a g rea te r increase  in b e rry  
size occurs, because th e  increase in  len g th  is qu icker th a n  th e  increase in seed 
n u m b e r ra te .

A lthough  th e  regression o f  th e  fo rm er g roup  is s ign ifican t a t  a P  =  0 .1%

F ig . 21. C orre la tions be tw een’b erry  len g th  an d  seed n u m b er per be rry  in  V. riparia  specim ens

F ig . 22. C orre la tions betw een  berry  len g th  an d  seed n u m b ers per berry  in  V. riparia  specim ens
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level, th e re  is an  even  closer re la tionsh ip  betw een  b e rry  w id th  and seed n u m b er. 
T h e  difference is l i t t le  betw een  th e  courses o f th e  lines, th e y  are located  m uch 
closer to  each o th e r. T h e  n e x t seed can  b e  organized  a t  an  increase in  vo lum e 
o f 1.47 (No. 3) an d  1.75 (H áros No. 2) m m  on th e  average .

T he values o f th e  V. riparia  specim ens show an  even  closer co rre la tio n , 
th e ir  lines are n ea rly  eq ua lly  sleep. On th e  o th e r h a n d , we m ay excep t here  
a g rea te r increase in  w id th  only on th e  ap p earan ce  o f  th e  n e x t seed (H áro s

0 3 5 0 -

0 . 3 0 0 -

0 . 2 5 0 -

^  0.200 -  

u

>  0 . 1 5 0 -  

0 .100-

0 . 0 5 0 -

■seed in  l u m b e r

Fig. 23. C orrelations b e tw een  seed num ber pe r b e rry  and  b e rry  vo lum e averages, w ith  confid 
ence in te rv a l (V . rip a ria , ’H áros’ K. Y . /15)

N o. 3 =  1.11 m m ; H áros No. 11/10 =  0.94 m m ; H áro s X V — A =  1.59 m m ). 
As fa r as th e  len g th  o f th e  berry  is concerned , n early  id en tica l d a ta  are  ob ta ined*
0.99 m m  in H áros N o. 3, H áros No. 11/10 an d  a t 1.33 m m  in H áros No. X V — A.

T he regression re la tio n  p resen ted  is m o st u n am b ig u o u s; i t  shows th e  re g u ­
la r i ty  ch a rac te ris tic  o f  th e  basic v ine  species; th e  regression  equation  reac ts  
especially  sensitive ly  on th e  corre la tive  changes betw een  b e rry  w id th  an d  seed 
n u m b er.

As has a lread y  been m entioned  in  several specim ens th e  b e rry  len g th  
decreases to g e th e r w ith  th e  increase in  seed n u m b er p e r berry  in th e  sam e 
p la n t  (for exam ple , in  th e  case of 3- o r 4-seeded berries). W e p resum ed th a t  
the  leng th  and  d ia m e te r  o f th e  berry  also decreased. In fo rm atio n  was so u g h t 
w ith  regard  to  th is  process as well. T herefo re  we ca rried  o u t several k in d s  of 
vo lum e m easu rem en ts  (cm 3) for th e  b erries  and  ca lcu la tions re la ted  to  seed 
n u m b er. T he re su lts  o f th e  calcu lations re la te d  to  th e  m easurem ents of berries

* The app earen ce  of th e  n e x t seed m ay  be expected .
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of one o f  th e  D a n u b e -b an k  V. riparia  specim ens (H áros K . V./75) will be given 
below. In  th e  course  of these  ex p erim en ts  we m easured  th e  vo lum e o f 531 
vine berries an d  co u n ted  th e  seeds p e r b e rry , and  su b seq u en tly  we ca lcu la ted  
th e  average  b e rry  vo lum es corresponding  to  th e  various seed num bers, to g e th e r 
w ith  th e  confidence  in te rv a ls  belonging to  them .

U nder th e  head ings of th e  vo lum e groups tw o k inds of percen tage  d a ta  
are given. T he p e rcen tag es of th e  second row have to  be sum m ed up v e rtica lly  
and  ev a lu a ted  (T ab le  14).

A m ong th e  values of b erry  vo lum e, b e rry  vo lum e averages belonging 
to  seed groups N o. 1, 2 and 3 differ s ig n ifican tly  a t  p ro b ab ility  level P  =  5 % .

Fig. 24. P e rcen tag e  d is tr ib u tio n  of berry  vo lum e classes of d ifferen t seed num bers in ’H áro s
К . У ./75’ o f V. riparia
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T h ere  is no s ig n ifican t difference b e tw een  th e  b e rry  vo lum e averages o f  seed 
g roups Nos 3 an d  4. T h e  confidence in te rv a ls  h av e  been ca lcu la ted  b y  m eans 
o f  th e  equa tion  V ^  t 50/o Sÿ, w here V  is th e  average  volum e o f th e  seednum ber 
g ro u p , Sÿ is 't s  e rro r, t5„, is th e  v a lu e  o f  t appearing  in  th e  T ab le .

T he d iag ram s ca ll a tte n tio n  to  a pecu lia r phenom enon. A b ou t one h a lf  
o f  th e  531 berries exam ined  belongs to  th e  0.2 cm 3 category , w hile th e  n u m b er 
o f  th e  0.4 and  0.5 cm 3 size berries is v e ry  sm all (F ig. 22).

2n=531 piece

F ig. 25. P e rcen tage  d is tr ib u tio n  according to  seed  nu m b er per be rry  in  V. riparia  ’H áros
K . V./75’ b e rrie s o f d ifferen t volum e

O ne-seeded berries ap p ear in  all classes, b u t  v ir tu a lly  97%  belong to  th e
0.1 and  0.2 cm 3 categories, and  from  th is  61%  only to  th e  f irs t  ca tego ry . I t  is 
ch a rac te ris tic  th a t  in  th e  h ighest c a te g o ry  (0.5 cm 3), on ly  3-seeded berries 
can  be found; th e  overw helm ing m a jo r ity  o f th e  4-seeded berries is in th e  0.3 cm 3 
ca teg o ry  (Figs 22 a n d  23). H ow ever, a t te n tio n  m ust be called to  th e  fac t th a t  
th e  num ber o f  4-seeded berries w as v e ry  sm all (n =  9) in th e  specim ens, and 
so th is  resu lt refers ra th e r  to  th e  n a tu ra l  v a ria b ility  on ly ; th e  vo lum e ra tio  of 
th e  4-seeded berries can  be accepted  o n ly  cond itionally .

T he d iagram  d em o n stra tin g  th e  co rre la tions betw een  average  b e rry  
v o lu m e  and seed n u m b e r per b e rry  su b s ta n tia te s  several o f o u r carpological
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Table 14

Correlation data between seed number per berry and berry volumes 
(cm 3)  in  V. riparia  (H áros K . V ./55)

Seed num ber Average berry 
volum e, cm3

Confidence
Frequency by volum e groups, cm3

per berry in terval 0.1 0.2 0.3 0.4 0.5

i h1 =  0.1304 111 66 3 l — N o.

Щ 181 ÖX46 ± 0 .0 2 5 0.61 0.36 1.65 0.5 — 0//о

%  =  34 h„ =  0.1616 87.4 23.7 2.8 6.6 - о//о

2 Л, =  0.1902 15 194 40 3 — N o .

n 2 =  252 10.216 ± 0 .0 2 5 8 5.9 76.9 15.87 1.19 — о//о

%  =  47 h.2 =  0.2418 11.8 69.7 37.3 20.0 — %

3 h l =  0.2855 1 17 57 10 4 N o.

"a =  89 (0.3005 1 ±0 .0 1 5 1.1 19.0 64.0 11.2 4.49 о//о

%  =  17 h„ =  0.3155 0.7 6.0 53.2 66.6 — о//о

4 /i, =  0.2649 — 1 7 1 — N o .

n ,  =  9 |Ь.Зб5!Г ± 0 .0 4 0 6 — 11.1 77.7 11.1 — о//0
О / —  9  
/О  —  ^ h,  =  0.3461 — 0.3 6.5 6.5 - о//0

£  =  531 127 278 107 15 4 N o .

23.9 52.3 20.0 2.8 0.7 о//о

in v e s tig a tio n s  m ade so far. B erry  size —  th e  average volum e —  increases in  
a n ea rly  id en tica l p roportion  from  th e  seedless berry  th ro u g h  th e  one-seeded 
b e rry  to  th e  3-seeded one (the  d ifference is s ign ifican t on a P  =  5 %  p ro b a b ility  
level). H ow ever, if  m ore th a n  th re e  seeds grow  in th e  b e rry , th e n  th e  g ro w th  
becom es h igh ly  insign ifican t, o r th e  size an d  w eight o f th e  b e rry  show  a d e ­
creasing  ten d en cy . A reliable e v a lu a tio n  o f th e  volum e o f 4-seeded berries is 
a g g ra v a te d  here  by  th e  fac t t h a t  th e re  w ere only re la tiv e ly  few 4-seeded 
b erries  in  th e  specim ens. T his is r a th e r  conspicuously  illu s tra te d  also b y  th e  
re m a rk a b ly  w idening confidence h an d .

Sum m ary

T h e  bo tan ico-carpological analysis  o f  th e  w ild-grow ing v ine species of 
H u n g a ry  has p rov ided  useful d a ta  to  th e  so lu tion  of th e  following:

(1) D esp ite  th e  fac t th a t  th e  ecological requ irem en ts o f V itis sylvestris  
an d  V . riparia  are close to  each o th e r , th e y  are  d ifferen t, since V . sylvestris  
show ed a d ju s te m e n t n o t p rim arily  to  an  u p ta k e  of g rea t q u a n titie s  of w a te r  
b u t  to  th e  m ore balanced  ecological cond itions.
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(2) T he fru it c lu s te rs  o f  V itis  species in  th e  area s tu d ied  are  loose, a la te , 
th e ir  berries are b lue, b lu ish  b lack or b lack ; no w h ite-berre id  form s have been 
d e tec ted . I t  is c h a ra c te r is tic  th a t  V. sylvestris  shows h a rd ly  an y  difference in  
seed n u m b er com pared  to  V . v in ifera , w h ile  its  c lu ste r size is on ly  one h a lf  or 
o n e -th ird  of V. v in ife ra , a n d  th e  w eight o f  its  berries on ly  25— 39% .

(3) T he d iagnostic  c h a ra c te r  o f th e  w ild  grape seeds are  of p rim a rily  
sign ificance even to d a y  in  th e  in terspecific  tax o n o m y  o f vine. T he ty p ica l 
fea tu re s  useful for d is tin g u ish in g  th e  species a re  as follows th e  shape o f th e  
seed in  dorsal and  la te ra l  v iew s; th e  len g th  o f  th e  ro s tru m , and  th e  scu lp tu re  
o f th e  dorsal and v e n tra l  sides. The seed o f V. sylvestris is cha rac terized  b y  
a d e fin ite  and  d is tin c t sc u lp tu re  and  th e  sh o r t  ro s tru m , th e  ro tu n d  or w idely- 
o v a te  chalaza scu tu m ; th e  fu rca te  or p a ra lle l decurrence  of th e  v e n tra l fu r ­
row s reach ing  th e  u p p e r  tw o -th ird s  of th e  seed  body .

(4) T he seed m easu rem en ts  m ake especially  indices (len g th /w id th , 
w id th /len g th , ro s tra l len g th /seed  length) possib le  a m ore accu ra te  sep a ra tio n  
an d  th e y  are  ch a ra c te ris tic  o f  th e  various species.T heclose  rela tionsh ips betw een  
V itis  sylvestris p o p u la tio n s  growing in v a rio u s  p a r ts  o f E u ro p e  can be con­
sp icuously  d e m o n s tra te d  b y  m eans of th e se  indices.

(5) T he seed n u m b e r  per berry  is also ch a rac te ris tic  o f th e  species 
exam ined .

A corre la tion  can  b e  deduced b e tw een  th e  seed n u m b e r p er b e rry  an d  
b e rry  m easurem ents also  in  th e  wild berries. T h e  volum e o f b e rry  flesh  re la ted  
to  one seed decreases w ith  th e  increase o f seed num ber.

A C K N O W L E D G E M E N T

In  closing m y s tu d y , I  sh o u ld  like to th a n k  m y  foreign  co rrespondents: Dr. B e tty  L ange  
(B erlin , G D R ), Dr. C h arlo tte  P ra tt  (G eneva — New Y o rk , USA), D r. A n n a  Zertová  (P rag u e , 
tS S R ) , Dr. J in d ra  Ch r t e k  (P rag u e , ÊSSR ); D r. D im iter D elipavlov  (P lo v d iv , BG), 
D r. T om a D imitrovski  (S k o p y e , YU ), J . P. D eazan  (Pont-de-la-M aye, F r), Dr. Is tv á n  F odor 
(U zsgorod, SU), Dr. P a v le  F u ka rek  (S arajevo , Y U ), Dr. F ran z  K r e n d l  (V ienna, A), 
Dr. B oris K itanov  (Sofia, B G ), Dr. Josip  K ovacev ic  (Zagreb, Y U ), D r. N ikola J a n jic  (S a ­
ra je v o , Y U ). Dr. M ax R iv es  (P a ris , F r), Dr. F r itz  Sc h u m a n n  (N e u stad t an der W einstrasse , D). 
D r. Iv a n  T. Vassilczenko  (L en in g rad , SU), for th e  ex trem e ly  useful an d  k ind  help rendered  
du rin g  th e  15 years o f m y re sea rch  concerning th e  w ild  vine species.

A P P E N D IX

V itis  vinifera varieties used in  the comparison 
W ine grape varieties

1. B ouvier — 1 — (P récoce  de Bouvier 
b lanc)

2. M edoc — 2 — (M ondeuse noir)
3. K ora i piros V elte lin i (V eltelin  rouge 

précoce)
4. R izlingszilváni — 3 — (M üller T hurgau 

b lanc)

5. O tto n e l m u sko tály  — 4 — (M uskát O tto n el 
b lan c)

6. P in o t =  K isburgund i — 5 — (N oirien , 
P in e au  noir)

7. C h ard o n n ay  =  B u rgund i — 6 — (Char- 
d o n n a y  b lanc)

8. O p o rto  — 7 — (A utrich ien . P o rtu g a is  
b leu)

9. L eá n y k a  (H ) — 8 —
10. Szilvám  — 9 — (Sylvain  bleu, rouge, v e rt)
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11. Melon — 10 — (M elon)
12. T ram in i — 11 — (T ram en te  rose)
13. E zerjó  (H ) — 12 —
14. Sém illon (Sém illon b lanc)
15. Sauvignon — 13 — (Gros Sauvignon)
16. P iros Y elte lin i (Y eltelin  rouge)
17. Zöld V elte lin i (R anfo l b lanc)
18. K ékfrankos — 14 — (F rancon ien  noir)
19. M uskotály  — 15 — (M uscat F ro n tig n an  

noir)
20. C irfandli — 16 — (Z ierfand ler rouge)
21. O laszrizling — 17 — (R isling  ita lien

blanc)
22. R a jn a i rizling  — 18 — (R isling b lanc)
23. H árslevelű  (H ) -  19 -
24. F u rm in t (H ) — 20 —
25. C abernet (C aberne t franc)
26. C abernet Sauv ignon  — 21 — (C abernet 

Sauvignon)
27. K ad ark a  — 22 — (K a d a rk a  noir)
28. K éknyelű  (H ) — 23 —
29. Mézes (H ) -  24 —
30. B án áti rizling (H ) — 25 —
31. B udai (H )
32. P iros sz lanka — 26 — (Bois jau n e ,

Pam id ie)
33. C som orika (H )
34. Pozsonyi (H )
35. M ustos (H )
36. Szerém i (H )
37. E rdei (H ) -  27 -
38. Fehér sz lanka =  M agyarka  (H)
39. K öv id inka  (H )
40. Zöld d inka  (H )
41. Izsák i (H ) — 28 —
42. M uscadelle (M uscadelle de Bordelais)
43. M uscat B ouschet (M uscat B ouschet)
44. K ocsis P á l sz ilván ija  (H )
45. O rtlib i — 29 — (K niperle )
46. A ligoté (A ligoté b lanc)
47. G am ay (G am ay no ir, gris)
48. B urgundi fehér (G am ay  b lanc)
49. Vörös hegyű (R o tg ifp le r)
50. M erlot (B igney , M erlan, M erlot noir)
51. K ôvérszôlô (G rassa)
52. K irá ly leán y k a  (H )
53. N euburgi (N eu b u rg er b lanc)
54. K orai olasz (F rü h e r W elscher)
55. B ajor B a jn á r (H )
56. Gohér (H ) — 30 —
57. B e rn á th  Já n o s  (H )
58. K ozm a (H )
59. G yöngyfehér (H )

60. Csókaszőlő (H )
61. K ecskem ét v irág a  (H )
62. B a rá tcsu h a  (K ö ln e r noir)
63. P e t it  B ouschet (A ram on-T ein tu rier)
64. Szeredi (H)
65. Já rd o v á n y  (H )
66. Ju h fa rk  (H ) — 31
67. K irá lysző lő  (H )
68. P u rcsin  (P u rch in o k )
69. Sárfehér (H )
70. Szagos b a jn á r  (H )
71. H am v as =  B a rá tc su h a  (H)
72. B á lin t (H )
73. L isztes — 32 — (F eh ér lisztes, piros 1.; H )
74. V ékonyhéjú  = B oros (H)
75. Olasz k a d a rk a  (?)
76. A prófehér (H ) — 33 —
77. Szegedi (H )
78. M ath iász  m u sk o tá ly  (H )
79. G yöngyszőlő (H )
80. Cigányszőlő (H ) — 34 —
81. A lik án t Búsé (A lican te  B ouschet)
82. A la n tte rm ő  (H )
83. B eregi (H ) — 35 —
84. B a la fán t (B a la fa n t b lanc)
85. Vörös d inka  (D in k a  rouge)
86. H osszúnyelű  (H )
87. M irkovácsa (R ad o v in k a )
88. B a k a to r  (B a k a to r . B. rouge)
89. Szem endriai
90. Pécsi d inka  (H )
91. R akszőlő (H )
92. B ogdányi (H )
93. C laire tte  (C la ire tte  rose, blanche)
94. A ram on (A ram on  noir, gris, rouge, b lanc)

Table grape varieties

— Csiri-csuri — 36 — (A dm irable de
C ourtiller)

-  D odrelab i — 37 — (Gros Colman)
— T ü sk ésp u p ú  zam ato s  — 38 — (P u h lja -  

kovsk ij)
-  G énuai zam ato s — 3 9 — (Chaous)

— A fuz Ali — 40 —
- E zeréves M agyarország  emléke (H ) —

41 -
-  Cegléd szépe (H ) — 42 —
- K ocsis Irm a  (H ) — 43 —
-  M ath iász  Já n o sn é  (H ) — 44 —

— C hasselas b lan c  — 45 —
— R osa m enna di V acca — 46 —
— Csaba gyöngye (H ) — 47 —

(H ) P ro b ab ly  old H un g arian  varie ties, o r such th a t  was grow n in H ungary .
The d iag ram  o f Fig. 11 in th e  f irs t p a r t  o f th is  s tu d y  (A cta  B o tan ica  Acad. Sei. H ung . 

22, 209 — 247, 1976) has been com piled on the  basis o f th e  seed d a ta  o f th e  94 Vine grape  
varie ties w hich hav e  th e ir  serial num ber before th e ir  nam es.

The serial n u m b ers  to  be found  afte r th e  n am e of various v a rie tie s  (1 —47) m ark  th o se  
Vine grape varie ties a n d  tab le  g rapes varie ties th e  d a ta  of w hich hav e  also been used in several 
places of th is  s tu d y  (for exam ple, A cta  B o tan ica  A cad . Sei., H ung . 22, 240 — 243). T he d a ta  
o f th e  47 species m ark ed  in th is  w ay were processed in our In s t i tu te .
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WOOD ANATOMY OF CERATOPYXIS HOOKER F. 
EX HOOKER (RUBIACEAE) A MONOTYPIC 

ENDEMIC GENUS OF WEST CUBA
B y

M. A. V a l e s

BOTANICAL IN ST IT U T E , ACADEMY OF SCIEN CES, CUBA 

and

K .  B a b o s

R esearch  In s t i tu te  fo r W ood In d u stry , B u d a p es t 

(R eceived  N ovem ber 3, 1976)

The an a to m y  of th e  seco n d ary  xylem  of C eratopyxis verbenacea (endem ic in 
W est Cuba) is described. D a ta  of th e  vessel m em bers, fib e rs , m edullary  ra y s  and  axial 
p a renchym a are given, also som e m orphological and ecological characteris tics .

S ta tis tica l m ethods were u sed  in th e  processing a n d  evalu a tio n  of th e  d a ta  to 
determ ine th e  v a ria b ility  of th e  vessel m em bers and  f ib e r len g th .

In troduc tion

The genus Ceratopyxis H ook. f. ex H ook., represen ted  b y  th e  single species Ceratopyxis 
verbenacea (G riseb.) H ook. f. ex H ook belongs to  the  tribe  Chiococceae of th e  fam ily  Rubiaceae. 
The p lan ts  are resiniferous u n arm ed  ta ll  sh ru b s or little  trees u p  to  4 — 6 m heig th . B ranches 
s to u t, th ick  and glabrous, w ith  5 — 10 m m  long, coriaceous a n d  p e rs is ten t stipules, a cu m in a te  
an d  m ucronate  a t  apex , connate  a t  base . L eaves opposite, coriaceous, subsessile, b lad es o b ­
long-ellip tic  or oblong-lanceo late , 4 —10 cm long and 1 — 2.5 cm  b ro ad , sh o rtly  acu m in a te , 
a t  apex  acu te  or ob tuse ; base cu n ea te ; g lab rous or puberu lous a t  base. Inflorescences dense, 
m any-flow ered , te rm in al, 3 — 7 cm long th y rso id eo u s panicles w ith  4.5 — 14 cm long peduncles. 
C alyx 5-lobed, 4 m m  long, sparsely  p u b eru lo u s , segm ents e rec t, rig id , lanceolate an d  su b u la te . 
C orolla yellow ish, pale  5—lobed, 6 — 8 m m  long, pilose e x te rn a lly , glabrous in  th e  th ro a t;  
seg m en ts v a lv a te . lineo-lanceo late , re flex ed . S tam ens 5, in se rted  a t  base of corolla, filam en ts 
p u b eru lous an th e rs  dorsifixed , lineal, ex se rted . O vary b ilocu lar, sty le  filiform , s tig m a  bifide 
a t  apex . Ovules so lita ry , pendulous, cy lind ric . Capsule b ilocu lar, coriaceous, loculicide, bival- 
v a te , 4 — 5 m m  long, puberu lous. (F ig . 1.)

T he genus is an endem ic one o f th e  lim estone “ h ay stack -h ills”  (“ mogo- 
te s ” ) of th e  O rganos R ange in  W est C uba, w ith  a v e ry  restric ted  area  betw een  
G uane and San Diego delos B anos. (F ig . 2.) The ecological an d  cenological cond i­
tions of th e  species w ere s tud ied  b y  A. B o r h i d i  ( 1 9 7 3 .  H e found th a t  th is  shrub  
is one of th e  m ost im p o r ta n t e lem ents in the  p ioneer phase  of th e  succession 
o f  th e  h ay stackh ills . In  can be fo u n d  sparsely in th e  fissu res of th e  p e rp e n d i­
cu la r, in so lated  slopes, in  ex trem e  m icroclim atic an d  w a te r  cond itions; b u t  it  
is freq u en t as a d o m in an t species a t  th e  very  tops o f th e  m ogotes, fo rm ing  a 
v e ry  in te restin g  endem ic p ioneer association  w ith  te rre s tr ia l Bromeliaceae , 
nam ed  by  B o r h i d i  as Vrieseo-Ceratopyxidetum.
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Fig. 1. C eratopyxis verbenacea. P h o to : A. B orhidi

Fig. 2. L im esto n e  haystack -h ills  in  W est C uba. Pho to : A. B orhidi
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M aterials a n d  M ethods

F o r th e  s tu d y  of th e  xylem  elem ents, a w ood  sam ple of a m a tu re  t r u n k  w as co llected , 
w ith  its herb ariu m  vouchers, in th e  upper m o st p a r t  of Jose M iguel’s lim esto n e  h ay stac k h ill 
(Jose  M iguel’ M ogote), a t  th e  n o rth  end of th e  V inales Valley, in th e  p ro v in ce  of P in a r del Rio 
(see T able  1).

A wood block ( 1 x 1 x 2  cm in  size) w as a sp ira ted  under v acu u m  a t  room  te m p e ra tu re  
u n til  w aterlogged, and  th e n  p laced in an a u to c lav e , w ith  a 50%  so lu tion  of glycerine in w a te r , 
to  a p ressure  of 3.5 — 4.5 a tm  during  1 1/2 h o u rs .

T able  1

Citation o f  ivood collection and location o f H erbarium  vouchers

Specific name Collectors and 
date

Diam. o f the  
wood sample

Serial Num­
ber of the 

wood in the 
collection

Place of collection Location of H erba­
rium  vouchers

Ceratopyxis 
verbenacea 

(Rubiaceae)

M. Vales,
A. B orhidi 

2 0 - 1 1 - 1 9 7 4
6,8 cm 51

Jose M iguel’s 
mogote 
P inar del 
Rio, Cuba

H erbarium  of 
the A cadem y 
of Sciences, 
Cuba

Sapw ood w hite to  pale yellowish, th ick n ess  a b o u t 17 —19%  or 0.5 — 0.7 cm.
H eartw ood  brow nish , 2.4 — 2.6 cm from  th e  p ith  to  the  sapw ood, a b o u t 8 1 —83% . 
H eartw o o d  in  cross section  w ith  gum m y  co n ten ts , fibers cu rv ed  w hen  view ed in ra d ia l 

section .

F o r  sectioning a Leitz sledge m icro tom e w as used. Cross (C. S.), lo n g itu d in a l ta n g e n tia l 
(L . T. S.), a n d  lo n g itu d in a l rad ia l sections (L . R . S.) were m ade to a th ick n ess of 12 to  15 /1 . 
T he sections were s ta in ed  in  a 3%  solu tion  of T o lu id in  blue in 50%  e th y lic  alcohol, d iffe ren ­
tia te d ,  d eh y d ra ted , c leared  in xylene and  m o u n te d  in C anada balsam .

L en g th s o f th e  vessel m em bers and fib ers  w as m easured  in m ac e ra ted  m ateria l. F o r th is  
pu rp o se  a sm all wood sam ple was h ea ted  in  a 1 : 1 m ix tu re  of hydrogen  perox ide an d  g lacial 
ace tic  acid  a t  60 °C (F r a n k l in , 1945). One h u n d re d  fibers were m easu red , while for th e  o th e r  
fea tu res  on ly  30 to  50 m easu rem en ts were ta k e n .

F req u en cy , m ean  an d  s ta n d a rd  d ev ia tio n s  for the  leng th  of th e  vessel m em bers an d  
fib ers  were calcu la ted  according to  Sváb, 1967.

N u m b er of vessels, fibers , m edu llary  ra y s  a n d  axial p a renchym a p e r sq. m m  was o b ­
ta in e d  from  th e  s tu d y  of ten  d ifferen t areas in  th e  cross section as view ed u n d e r a Carl Zeiss 
m icro p ro jec to r, and th e  m ean  was calcu la ted .

The m ost freq u en t range  (M. F . R .) w as o b ta in e d  when th e  freq u en cy  was m ore th a n  
50%  of th e  to ta l.

F o r pho to m icro g rap h y , a Carl Zeiss m icroscope and an E x a c ta  V arex  l i b  cam era  
w as used.

M icroscopic A natom y

W ood diffuse porous, g row th  rings ab sen t. Pores v e ry  num erous, ro u n d ed  
to  slig h tly  oval, v e ry  sm all, p re d o m in a n tly  so litary  (F ig. 3). M ean len g th  of 
vessel m em bers 658.8 //, M .F .R . 470— 891 fi. M iddle ten g en tia l an d  rad ia l d iam ­
e te rs  37.7 [Л and  42.5 /t, respective ly . Cell walls 2.3— 5.7 /л th ick  (Fig. 4). 
In te rv a sc u la r  p ittin g  a lte rn a te  and  m in u te , borders round ish  3 —4.2 /л in diarn-
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Fig. 5. Vessel m em bers ty p e  I. w ith  very  large  ta ils , fibers an d  wood parenchym a. M agnific­
a tion : 120 X

Fig. 6. Vessel m em bers -ype I I .  w ith  short ta ils , sim ple pe rfo ra tio n  p la te s  and  m inute b o rd ered
pits. M agnification : 120 X

F ig. 3. U niseriate  m e d u lla ry  ray s, scan ty  p a ra tra c h é a l wood p a ren c h y m a  and  walls of th e  
f ib e rs  v e ry  th ick . Cross sec tion . M agnification: 120 X 

F ig. 4. T hick wall o f th e  vessel m em bers, w ood p a ren ch y m a  cells, cana ls of the  bordered  p its  
in  th e  w alls o f th e  fibers. Cross section . M agnification : 300 X
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e te r , a p e r tu re  also round ish  0.5— 1.2 /л in  d iam eter. P e rfo ra tio n  p la te  sim ple  
Vessels in  heartw o o d  w ith  gum m y c o n te n ts  (F igs 5 and  6).

M edullary  R ays. —  U niseria te , n o t v e ry  freq u en tly  2 cells sm aller in  
w id th  in  som e ray s (Fig. 7). W id th  v e ry  f in e  from  5.4— 14 /x; h e igh t from  
1 to  28 cells o r 17.7— 323.5 /x. Cells m o stly  p rocum ben ts (F ig . 8), som etim es 
u p r ig h t cells in  m arg in  of rays. Cell w alls 1 .8— 3.6 [Л th ick ; p itte d . R ay s in  
h ea rtw o o d  w ith  gum m y co n ten t (Figs 9 a n d  10).

Fig. 7. Sapw ood e lem ents w ith o u t gum m y co n ten ts . M edullary  rays w ith  2 sm all cells in w id th .
L ong itud inal tan g e n tia l section . M agnification: 300 X 

F ig. 8. G um m y co n ten ts  in  vessel elem ents. H om ogeneous m edullary  ra y s  form ed from  p ro ­
cu m b en t cells. L ong itud inal rad ia l section . M agnification. 120 X

F ibers. —  Polygonal, rad ia l d is tr ib u tio n , w ith  very  sm all lum en (F igs 3 
an d  4). M ean len g th  934 /x, M .F .R . 740— 1159. M iddle d iam ete r 17.2 (л. W alls 
com m only  2.7— 9.8 /x th ick . P its  sm all, d is tin c tly  bordered , an d  w ith  slit-like  
a p e r tu re  (F ig. 11). In  cross section , canals  o f  p it very  conspicuous.

W ood p a ren ch y m a. — T yp ica lly  s c a n ty  p a ra trach éa l (F igs 3 an d  4). 
In  s tra n d s  of 2— 4 o r up to  6 cells. M ean h e ig h t o f cells a b o u t 129.5 /л. M iddle 
d iam e te r  13.1 f i .  T hickness o f w all 0.9— 1.9 [ Л .  P its  a b u n d a n t (F ig . 12).
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F ig. 9. N o n -typ ica l he te ro g en eo u s m ed u llary  ra y s . M inute  b o rd ered  p its  in the  fibers. L ong i­
tu d in a l  rad ia l section. M agnification : 300 X

Fig. 10. H eartw ood vessel m em bers, m ed u llary  ra y s  and  fiber lum en  w ith  gum m y co n ten ts . 
U n iseria te  m ed u lla ry  ray s. L ong itud inal ta n g e n tia l section . M agnification: 120 X

Fig. 11. G roup of fibers w ith  d ifferent ends a n d  m in u te  bordered  p its . M agnification: 120 X 
Fig. 12. In te rw o o d -p a ren ch y m a  p ittin g . M agnification : 300 X
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D iscussion

O nly for th e  Rubiaceae fam ily  i t  was found  li te ra tu re  in  w ood an a to m y , 
an d  in any  case these d id n ’t  t r e a t  ab o u t th is  genus.

A natom ical fea tu res o f th e  xy lem  of C eratopyxis verbenacea w ere com ­
p a re d  w ith  d a ta  recorded  b y  M e tc alfe  and  Ch a l k  (1950) for d iffe ren t genera 
o f th is  fam ily  no sign ifican t d ifferences (see T ab le  2) could  be o b ta in ed  from  
th is  com parison.

T able  3 show s d a ta  reco rded  from  our wood a n a to m y  research .
L eng ths of th e  fibers an d  vessel m em bers p re se n t a no rm al Ga u ss  

d is tr ib u tio n  (Figs 13 and  14).
Classes and  frequency  fo r th e  vessel m em bers an d  f ib e r  leng ths are  given 

in  T ables 4 and  5.

lengths in microns

Fig. 13. D istrib u tio n  o f th e  fiber lengths of Ceratopyxis verbenacea

Fig. 14. D is tr ib u tio n  of th e  vessel m em bers lengths o f Ceratopyxis verbenacea
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T able  2

Comparative study o f  fo u r  data w ith one obtained by M e t c a l f e  and  C h a l k , 1950

W ood elem ents Anatomical features
Mean d a ta  for the fam ily Rubiaceae 

according to  M e t c a l f e  and 
C h a l k , 1950

Ceratopyxis verbenacea

Total leng th 5 0 0 -1 3 0 0  fi 
M .F .R . 500—800

4 1 4 -1 0 9 2 ,5  f.i 
M .F.R . 470—819 p

Tang. diam . very  small, small, m edium  
size

v ery  sm all 20.7—52.5 p

Vessels Num ber per 
sq. m m

> 5 0 84

Perforation
plate

sim ple simple

P itting a lte rn a te a lte rn a te , m inu te

A xial
paren ch y m a

D istribu tion A potracheal or 
vasicentric

scan ty  p a ra trac h éa l

s tra n d s
s tra n d s

num ber of 
cells

4 - 8 2 - 6

M edullary Size U niseriate  or 2 d is tin c t uniseria te  ra re ly  2 cells
ray s sizes very  sm all

Total leng th 600 — 2.200 f i  m ostly  
1 1 0 0 -1 5 0 0  fi

6 0 9 .5 -1 2 5 3 .5  p  
M .F.R . 7 4 0 -1 1 5 9  p

L ibers sep ta te  or not no t sep ta te
P itting B ordered or simple B ordered  m in u te

T able  3

Comparison o f  d im ensions o f  the xylem  elements o f  C eratopyxis verbenacea 
(V alues expressed in m icrons)

A natom ical features Vessels Fibers Axial Parenchym a Medullary rays

T o ta l length  

T ang. diam .

R ad . diam .

4 1 4 - 6 5 8 .9 -
1092.5

2 0 . 7 -  3 7 .7 -  
52.9

2 0 . 7 -  4 2 .5 -  
55.2 -

6 0 9 .5 - 9 3 4 -
1253.5

7 .2 - 1 7 .2 - 2 5 .2 3 .6 - 1 3 .3 - 1 9 .8

L um en — 1.8 —3.7 —7.2 — —

N u m b er per sq. mm 84 3068 170 88
T hickness of wall 2 . 3 0 - 4 .6 - 5 .7 2.7 —6.7 —9.8 0 .9 - 1 .8 1 .8 - 2 .1 6 - 3 .6
D istrib u tio n D iffuse R adial P a ra trach éa l —

P its B ordered , Bordered, Sim ple, o f th e Sim ple, of the
m in u te
a lte rn a te

m inute sam e size same size

H e ig h t of cells — — 7 4 .5 - 1 2 9 .5 -
230.7

12.6 — 13.6 — 
25.2

R ad ia l length — — — 3 2 .4 - 5 0 .4 -
68.4

H e ig h t — — — 17.7—108.6 — 
323.5

W id th — — — 5 .4 - 9 .1 - 1 4 .4
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T ab le  4

Frequency o f  the member lengths o f  vessels

! Class in 
microns

Frequency f/100 f %

0 О о 9 0.09 9

1 540 20 0.20 20

2 680 15 0.15 15

3 820 6 0.06 6

4 960 1 0.01 1

T ab le  5

Frequency o f  the fiber lengths

Class in 
microns

Frequency f/100 f %

0 600 3 0.03 3

l 670 7 0.07 7

2 740 12 0.12 12

3 810 15 0.15 15

4 880 16 0.16 16

5 950 17 0.17 17

6 1020 15 0.15 15

7 1090 10 0.10 10

8 1160 4 0.04 4

9 1230 1 0.01 1

C oncerning w ood an a to m y  in  re la tion  to  th e  phylogeny  it  m ig h t he 
s ta te d  th a t  th e  secondary  x y lem  o f Ceratopyxis show s evidences of speciali­
za tio n . Vessel p e rfo ra tio n  p la te s  a re  exclusively  sim ple and  in te rv a sc u la r  
p it t in g  are ho rdered , a lte rn a te  an d  m inu te , fea tu res  w hich im ply  a v e ry  high 
specialization .
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ZUR NOMENKLATUR YON OPHRYS FUCIFLORA

V on

H . W . W irth

W IE SB A D EN , BRD

(E ingegangen am  25. A ugust, 1975)

T his n o te  a tte m p ts  to p rov ide  a  sh o rt su rvey  of th e  h is to ry  of Ophrys fu c iflo ra  
auc. rec. an d  to  c larify  its  n o m en c la tu ra l s itu a tio n . I t  was fo und  th a t  n e ith e r Orchis 
fuciflo ra  Cr. no r Orchis arachnites Scop, and  Orchis holoserica B u m .  fil. can be used  
as basionym s. Orchis fu c iflo ra  Cr. has no re ference to  O phrys fu ciflo ra  M oench and m ust 
th ere fo re  be ex c lu d ed  from  fu rth e r co n sid era tio n . Orchis arachnites Scop, can n o t be 
used  because o f th e  existence of O phrys adrachnites M iller, a la te r  synonym  to  Ophrys 
apifera  H uds. Orchis holoserica B u rm  fil. is a d o u b tfu l sy n o n y m  of Ophrys apifera, 
if  no t re jec ted  as nom en confusum . T he n e x t av ailab le  and  leg itim a te  nam e is A rachnites  
fu c iflo ra  F. W . S ch m id t, on w hich M o e n c h  based his com b in a tio n  Ophrys fu c iflo ra .  
I t  is th ere fo re  suggested  to  consider O phrys fu c iflo ra  (F . W. S ch m id t) Moench as th e  
correct nam e u n d e r  a r t  11 ICBN.

Die N o m e n k la tu r  von Ophrys (0 .)  fu c iflo ra  gehö rt zu den schw ierigsten  
P ro b lem en  a u f  d iesem  G ebiet. M ehr als ein J a h rh u n d e r t  s ta n d e n  die N am en  
0 . fu c iflo ra  u n d  0 . arachnites m ite in a n d e r  in  W e ttb ew erb , ohne daß sich 
je m a n d  b eru fen  fü h lte , die V erhä ltn isse  absch ließend  zu k lä ren . Schließlich 
se tz te  sich 0 . fu c iflo ra  durch , w obei ab e r w e ite rh in  u m s tr it te n  blieb, w elche 
A u to ren  fü r diese K o m b in a tio n  zu z itie ren  w aren . 1967 kam  G r e u t e r  nach  
einer e ingehenden  P rü fu n g  d er e insch läg igen  T ex ts te llen  zu dem  E rgebn is, 
daß  au ch  0 . fu c iflo ra  zu verw erfen  sei. S ta t t  dessen schlug G r e u t e r  vor, fü r 
0 . fu c iflo ra  den N am en  0 . holosericea (B urn t, fil) G reu te r zu verw enden . 
S u n d e r m a n n  n ah m  au f dieser G run d lag e  w eite re  K o m b in a tio n en  vor. Die 
B e g rü n d e th e it d ieser N euerungen is t jed o ch  zw eifelhaft. Es erschein t d ah e r 
an g eb rach t, e inm al nachvo llz iehbar die k o m p liz ie rte  N o m en k la tu rg esch ich te  
der 0 . fu c iflo ra  darzu legen  und  an  den  B estim m u n g en  des In te rn a tio n a le n  
Codex der b o tan isch en  N o m en k la tu r (IC B N ) zu m essen.

I

1. Als e rs te r , n ach  den N o m en k la tu rreg e ln  e rheb licher N am e fü r  0 . 
fu c iflo ra  u n d  d a m it als A u sg an g sp u n k t ih re r  N om en k la tu rg esch ich te  gilt Carl 
von L i n n e s  0 . insectifera  var. adrachnites oder arachnites 1753. A llerdings 
beg innen  bere its  h ie r die A uslegungsschw ierigkeiten . L i n n é  b egründe te  diesen 
N am en  a u f dem  Z ita t  v ier ä lte re r S ynonym e, die u n te rsch ied liche  D eu tu n g en
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e rlau b en . L egt m a n  das H au p tg ew ich t a u f  das Z ita t von  S ebastien  V a i l l a n t , 
dessen  A bbildungen  L i n n é  noch w e ite ren  V a rie tä ten  zug runde  leg te , d an n  
k a n n  dieser N am e d u rch au s au f 0 . fu c iflo ra  bezogen w erden . L i n n é  se lb st 
b ra c h te  jedoch  w enige J a h re  sp ä te r  seine v a r . arachnites m it 0 . sphegodes 
(in A m oenita tes A cad . IV  1759, S. 107) in  V erb indung . Schließlich (ab 1771) 
sch loß  sich L i n n é  in  vollem  U m fang  H a l l e r  an, der m indestens 0 . fu c iflo ra  
u n d  0 . apifera  zu sam m en faß te , w as ansch ließend  darzu legen  sein w ird.

2. A lb rech t v o n  H aller  v e rö ffen tlich te  1760 u n te r  dem  T ite l »O rchidum  
C lassis constitu ta«  e inen  A ufsatz , d e r fü r  die S y s tem a tik  der eu ropäischen  
O rch ideen  im  18. u n d  frühen  19. J a h rh u n d e r t  g rund legend  w urde . Als N r. 5 
fü h r te  er eine A rt au f, die er nach  vo rlin n e isch er T rad itio n  als Orchis radicibus 
subrotundis, labello holosericeo, em arginato, medio processu brevissimo  bezeich- 
n e te  und  deren  B esch re ibung  au f 0 .  fu c iflo ra  w eist. Jed o ch  bezog H al l er  
au ch  0 . apifera  u n d  sogar 0 . sphegodes m it ein. H al l e r  w ar n äm lich  der 
A n sich t, daß  0 . sphegodes, besonders a b e r 0 .  apifera  A bb lüh fo rm en  von  0 . fu c i ­
f lo r a  seien. V or allem  die kennze ichnenden  M erkm ale der 0 . apifera  (d re ilap p i­
ges L abellum , v e r lä n g e r te r  K o n n e k tiv fo rtsa tz , zurückgeschlagene Sepalen  usw .) 
fa ß te  H aller  als V erän d eru n g en  bei d e r A lte ru n g  d er 0 . fu c iflo ra -B lü te  auf.

3. In  seinem  1768 erschienenen W erk  »H istória s tirp iu m  in d ig en aru m  
H e lv e tiae  etc« b e k rä f tig te  H aller  seine A uffassung . E r  än d e rte  den u rsp rü n g ­
lichen  N am en ab in  N r. 1266 Orchis radicibus subrotundis, labello holosericeo, 
emarginato, appendiculato , bezeichnete  die A bblühform en  (also 0 . apifera  u n d  
O. sphegodes) als V a r ie tä t  ß und  b ild e te  (Tafel 24) 0 . fu c iflo ra , sowie zwei 
E in ze lb lü ten  von  0 . apifera  h e rv o rrag en d  u n te r  der B ezeichnung »Orchis 
fuciflora« ab. Die ü b errag en d e  A u to r i tä t  H a l l e r ’s h a tte  zu r Folge, daß  sich  
im  k o n tin en ta leu ro p ä isch en  S c h rif ttu m  e rs t im  19. J a h rh u n d e r t  die Ü b e r­
zeugung  d u rch se tz te , d aß  n ich t n u r  zwei, sondern  v ier O p h ry sa rte n  nö rd lich  
d e r A lpen V orkom m en. Selbst L i n n é  k o n n te  sich dem  E in flu ß  H allers  n ich t 
en tz iehen . E r  ü b e rn a h m  (in M antissa a lte ra  1771) den po lynom inalen  A rtn am en  
v o n  H aller  1768 als D iagnose fü r  die von  ihm  b eg rü n d e te  v a r . arachnites. 
So v e rb an d en  sich  L i n n e s  Ophrys insectifera  v a r. arachnites u n d  H allers  
O rchis Nr. 1266 u n d  w urden  G rund lage  der N o m en k la tu r von  0 . fu c iflo ra .

4. E in  a n d e re r  N am e fü r 0 . fu c iflo ra  is t Orchis fu c iflo ra  C ran tz  1769. 
O bw ohl an L i n n é  u n d  H aller  an k n ü p fe n d , zog J . H ein rich  N epom uk Crantz  
die A rtg renzen  enger u n d  b esch rän k te  seine Orchis fu c iflo ra  e in d eu tig  a u f  
0 .  fu c iflo ra  im  h e u tig e n  Sinn. B ereits in seiner, der e igentlichen  B eschre ibung  
v o rausgehenden  K urzd iagnose  k en n ze ich n ete  er seine Orchis fu c iflo ra  zw eifels­
fre i du rch  den H inw eis au f das u n g e te ilte  L abellum  u n d  n ach  v o rn  gebogene 
L abellanhängsel.

5. E benfalls a u f  O. fuc iflora  b ez ieh t sich nach G r e u t e r  Orchis holoserica 
B u rm . fil. 1770. E in e  befriedigende Z u o rd n u n g  dieses N am ens is t jed o ch  
schw ierig , da er led ig lich  au f dem  Z ita t  zw eier ä lte re r S ynonym e b e g rü n d e t
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w urde u n d  das T y p u sex em p la r, eine korsische P flan ze , verschollen is t. D as 
e rste  S ynonym  is t H a l l e r  Orch. N r. 5. W ie bere its  d arg e leg t, s teh t hei H al l e r  
zw ar 0 .  fu c iflo ra  im  V orderg rund , 0 . apifera  und au ch  0 . sphegodes k ö nnen  
jedoch  n ich t ausgeschlossen w erden. D as zw eite S ynonym  ist C aspar B a u h i n  
P in ax  S. 83 N r. V II  Orchis fu c u m  referens m ajor fo lio lis  superioribus candidis et 
purpnrascentibus. A uch  h ier handelt es sich um  einen seh r schw ierig zu d e u te n ­
den N am en . B a u h i n  gab  keine D iagnose, sondern  g rü n d e te  ihn  au f 16 S y n o n y ­
m en des 16. u n d  frü h en  17. J a h rh u n d e r ts . D er in  dem  N am en en th a lte n e  
H inw eis a u f  die G röße der P flanzen  d e u te t a u f  0 . apifera  h in . In  diesem  S inne 
is t auch  der N am e B a u h in s  m ehrh e itlich  ausgelegt w orden. Die T ra d itio n  
geh t im  w esen tlichen  a u f Sebastien  V a il l a n t  1727 zu rü ck , der wohl e rs tm a ls  
alle v ie r nörd lich  der A lpen vo rkom m enden  O p h ry sa rten  nebeneinander und  
zw eifelsfrei ab b ild e te  u n d  den versch iedenen  N am en  C. B a uh ins  zu o rd n e te . 
0 . sphegodes w ird  als Orchis fu cu m  referens colore rubiginoso  C. B auhin  P in a x  
83, 0 . fu c iflo ra  als Orchis araneam referens C. B auh in  P in a x  84 and 0 . apifera  
als Orchis fu c u m  referens, galea dk alis purpurascentibus  V aill. au f der A bb ildung  
b eze ichnet, sowie im  T e x t (S. 146/47) von  V a il l a n t  a u f  B auhins  Orchis N r. 
V II  P in a x  83 bezogen. L i n n é  z . B. is t V a il l a n t  in  Species P la n ta ru m  1753 
in  vollem  U m fange gefolgt. A uch Je a n  F ranco is S e g u i e r  1754, der ers tm alig  
0 . fu c iflo ra  u n d  0 . ap ifera  e inander k r itisc h  gegen ü b erste llte , folgte V a il l a n t  
u n d  bezeichnete  0 . fu c iflo ra  als Orchis araneam  referens C. B. P in ax  84. F ü r  
0 .  apifera  b ilde te  er den  neuen, bezeichnenden  N am en  Orchis araneam referens 
rostro recurvo, da er in  einem  früheren  W erk  (1745) B a u h in s  Orchis N r. V II  
wie alle Orchis fu c u m  referens-N am en B a u h i n s  a u f 0 .  sphegodes bezogen h a tte .  
D ieses B eispiel zeig t, m it w elchen U nsicherhe iten  die Z u ordnung  der B a u h i n - 
schen  N am en  b e la s te t ist. B a u h in s  Orchis N r. V II  w urde  auch u n ab h än g ig  
von  V a il l a n t  als 0 .  apifera  gedeu te t. Z. B. in  der v o n  Jo h a n n  Jak o b  D i l - 
l e n i u s  b e a rb e ite ten  3. A uflage von J o h n  R ays  »Synopsis M ethodica S tirp iu m  
B ritan n icaru m «  1724, einem  der b ed e u te n d s te n  b o tan isch en  W erke des 18. 
J a h rh u n d e r ts  v o r L i n n é , w ird 0 . apifera  als Orchis fu c iflo ra , galea dk alis 
purpurascentibus  J o h a n n  B auh in , 2, 766 b eze ichnet u n d  C aspar B a u h i n s  
Orchis N r. V II  als Synonym  au fg efü h rt. E in zu räu m en  is t allerdings, daß  
H al l e r  Orchis N r. V I I  C. B. m it der A bb ild u n g  von  0 . fu c iflo ra  bei V a il l a n t  
in  V erb in d u n g  b ra c h te . D a H aller  ab er V aillants  A b bildung  der 0 . apifera  
ebenfalls z itie rte , u n d  zw ar bei der »A bblühform « (u n d  sp ä te ren  var. ß) lä ß t 
sich dies zw anglos d u rch  die von H a l l e r  an g ew an d te  A rtum grenzung  e rk lä ­
ren . U n te rs te llt  m an , d aß  B u r m a n n  das Z ita t B a u h i n s  n ich t einfach von  
H al l e r  ü b ern o m m en  h a t, sondern  im  Sinne seiner Zeitgenossen ausleg te , 
sp rich t vieles d afü r, d aß  sich Orchis holoserica B urm . fil. a u f  0 .  apifera  beziehen  
sollte. H inzu  k o m m t, d aß  0 . fu c iflo ra  sensu  s tric to  b ish e r n ich t m it S icherhe it 
fü r  K o rsik a  nachgew iesen  w urde. N ach  B r iq u e t  k om m en  au f K orsika n u r  u . a. 
0 . exaltata, 0 . scolopax  u n d  0 . apifera  vo r. B r iq u e t  b e tra c h te te  Orchis holoserica
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als S ynonym  von  О. apifera  u n d  ein  b each tlich er Teil des S ch rifttu m s fo lg te 
ih m  d a rin  (vgl. Ca m u s , I c. O rch. S. 322, N e lso n  S. 175, K e l l e r —Soó S. 67).

6. Als au f 0 . fu c iflo ra  zu b ez ieh en d er N am e gilt fe rner Orchis arachnites 
Scopoli 1772. D ies t r i f f t  allerd ings n u r  seh r b ed in g t zu. W ohl z itie r te  S copoli 
O rch is N r. 1266 von  H al l er  1768 u n d  bezeichnete  das L abe llum  als u n g e­
te i l t .  E r  sp a lte te  jed o ch  seine Orchis arachnites in drei V a rie tä te n  auf, w ovon 
die e rs te  nach  den  z itie r ten  A b b ild u n g en  u n d  der D iagnose m it S icherhe it 
0 . apifera  und die d r i t te  0 . sphegodes is t. Lediglich die zw eite V a rie tä t k ö n n te  
fü r  0 .  fu c iflo ra  in  A n sp ru ch  genom m en w erden . Scopoli fo lg te  dem nach  in  
v o llem  U m fang H a l l e r .

7. Gleiches d ü rfte  auch  fü r  J o h a n n  J a k o b  R e ich ard  gelten , der e rstm als 
u m  1772 die K o m b in a tio n  O phrys arachnites vo rnahm . A us d er T ex ts te lle  
g e h t die U m grenzung  d er A rt d u rch  R e ic h a r d  nicht h ervo r. Z itie r t w erden 
sow ohl H a l l e r , L i n n é  und  S c o po l i . D a sich aber im  H e rb a r  von  R e ic h a r d  
u n te r  der B ezeichnung 0 . arachnites ein E x em p lar von 0 . apifera  b e fan d  
(n a c h  D öll Fl. B ad en , z itie r t n ach  A s c h e r so n  und  Gr a e b n e r  S. 630) sind  
u n te r  diesem  N am en  zu m in d est 0 .  fu c iflo ra  u n d  0 . apifera  zu sam m en g efaß t 
w o rd en .

8. B ek an n te r  und  sp ä te r  h äu fig e r  z itie r t w urde allerd ings die K o m b in a­
tio n  0 . arachnites L am arck  1778. J e a n  B a p tis te  de Lamarck  bezog sich a u f 
H a l l e r , auch  a u f  V a il l a n t  u n d  dessen A bbildungen von  0 . fu c iflo ra , die 
beigegebene B esch re ibung  b e tr if f t  je d o c h  ausschließlich 0 . apifera. A uch  
0 .  sphegodes is t  m it eingeschlossen.

9. Die fü r die N o m en k la tu rg esch ich te  b edeu tsam ste  K o m b in a tio n  0 . 
arachnites erfo lg te jed o ch  erst 1784 d u rch  J o h a n  A nders Mu r r a y . L i n n é  h a tte  
sich  nie en tsch ließen  können , seine S am m ela rt 0 . insectifera  aufzug liedern . 
E r s t  in  der 14. A uflage von  L i n n e s  »S ystem a V egetabilium « erhob  der B earb e i­
te r  d ieser A uflage, M u r r a y . 0 . insectifera  v a r . arachnites L. in  den  R an g  einer 
A rt. E r  versah  sie m it einer B esch re ib u n g , die H allers  P h rase  von 1768  
u n d  d am it L in n e s  D iagnose n u r  un w esen tlich  abw andelte  u n d  z itie r te  H allers  
A b b ild u n g . H ierau s d a rf  geschlossen w erden , daß 0 . arachnites (L.) M urr, 
sow ohl 0 . fu c iflo ra  als auch 0 . apifera  u m faß te . Diese K o m b in a tio n  erlan g te  
d esh a lb  en tscheidende B ed eu tu n g , w eil sie das spätere  S c h rif ttu m  m it der 
A u to r i tä t  L in n e s  v e rb a n d . V ielfach w urde  sogar L in n é  als A u to r g en an n t. 
F a s t  alle sp ä te ren  K o m b in a tio n en  im  Z usam m enhang  m it 0 . fu c iflo ra  hängen  
von  diesem  N am en  ab.

10. Dies g ilt auch  fü r  den von  F ra n z  von  P au la  S c h r a n k  1789 gep räg ten  
N am en  Orchis fu c iflo ra . Die D iagnose d er Orchis fuc iflora  S ch ran k  ist eine 
d eu tsch e  Ü berse tzung  d er B esch re ib u n g  M u r r a y s . A ußerdem  wird die A b­
b ild u n g  H allers  z itie r t, w ovon S c h r a n k  offensichtlich seinen  N am en  ü b e r­
n a h m . A uch diese K o m b in a tio n  is t d a h e r  a u f  0 . fuc iflora  u n d  0 . apifera  zu 
bez iehen .
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11. E ine N eu k o m b in a tio n  von 0 . arachnites M u rray  is t auch E p ipac tis  
arachnites F . W . S ch m id t 1791, allerd ings m it e iner bem erkensw erten  E in ­
sch ränkung . In  d er D iagnose bezeichnete  F ra n z  W illibald  S chmidt  das L abel- 
lum  ausdrück lich  als »ungeteilt, au sg eran d e t u n d  fast dreilappig«. D am it w ird  
erstm als w ieder se it Crantz  1769 e in d eu tig  ein N am e geb ildet, der sich  au s­
schließlich au f 0 . fu c iflo ra  beziehen d ü rfte .

12. Zwei J a h re  sp ä te r , 1793, ü b e rfü h rte  S chmidt  seine Epipactis arach­
nites in  die von  ih m  neugeschaffene G a ttu n g  A rachnites. U m  das E n ts te h e n  
eines T au to n y m s zu verm eiden , b en a n n te  S chmidt  sie n u n m eh r in  Arachnites  
fu c iflo ra  um . N ach  den  angegebenen S ynonym en  zu urte ilen , e n tle h n te  
S chmidt  das E p ith e to n  »fuciflora« von  S c h r a n k . Cr an tz  w ar S chmidt  zw ar 
b e k an n t u n d  er z itie r te  ihn  an an d ere r S telle  ausfüh rlich , n ich t jedoch  hei 
Arachnites fu c iflo ra . In  der T ex tste lle  e rw äh n te  S ch m id t  außerdem  das fü r 
0 . fu c iflo ra  kennze ich n en d e  H aarb ü sch e l ü b e r dem  L abellanhängsel u n d  
grenzte  seine A rachn ites fuc iflora  dam it au ch  zw eifelsfrei gegenüber 0 . sphego- 
des ah.

13. Im  J a h re  1800 ta u c h te  e rs tm als  die K o m b in a tio n  Ophrys fu c iflo ra  
auf. O lof Swartz  gab  eine A ufzählung  d er zu O phrys gehörenden A rten . 
D abei erw äh n te  e r 0 . fu c iflo ra , ab er au ch  0 .  arachnites. Alle diese N am en  
sind jedoch  ohne B eschre ibung  oder A ngabe von  S ynonym en . Ih r  In h a lt  is t 
d ah er n ich t e rfa ß b a r . A llerdings w urde 0 . fuc iflo ra  Sw. sp ä te r h äu fig  als 
gü ltiger N am e z it ie r t , jedoch  kö n n te  d ieser N am e m it gleichem  R ech t fü r 
andere  T ax a  in  A n sp ru ch  genom m en w erden , wie L am arck  1805 dies t a t ,  als 
e r 0 . fuc iflo ra  Sw. a u f  0 . sphegodes bezog u n d  als v a r . ß seiner 0 . arachnites 
z itie rte .

14. Schließ lich , 1802, b ilde te  K o n ra d  Mo en ch  seine K o m b in a tio n  
Ophrys fu c iflo ra , a u f  A rachnites fu c iflo ra  S chm id t fu ß en d . Aus der D iagnose 
Moenchs  erg ib t sich m it E in d eu tig k e it, d aß  e r d am it O. fu c iflo ra  im  h eu tig en  
Sinne ken n ze ich n ete . D as L abellum  w ird  als seh r b re it u n d  schw ach d re ilapp ig  
bezeichnet, w om it o ffen b ar die zuw eilen fa s t  trap ezfö rm ig e  L ippe der O. f u c i ­
flo ra  angesprochen  w ird .

II

1. N ach A rt. 11 A bsatz  3 IB C N  is t  d e r k o rrek te  N am e einer A rt die 
K o m b in a tio n  des ä lte s te n  zur V erfügung s teh en d en  E p ith e to n s  au f derse lben  
R angstu fe  m it dem  k o rre k te n  N am en d er G a ttu n g , d er die A rt zu geo rdne t 
is t. D a die B ezeichnung  »Orchis fu c iflo ra « bei H al l e r  1768 n u r ein K ü rze l 
fü r  den p o ly nom ina len  N am en Orchis N r. 1266 is t u n d  H aller  sich nie zu 
einer Ü bernahm e des linneischen N o m en k la tu rsy stem s en tsch ließen  k o n n te , 
is t d ieser »Name« n a c h  A rt 23 A nm . 3 IC B N  u n b each tlich . Es h an d e lt sich  
u m  eine B ezeichnung , die n u r zufällig den  E rfo rd ern issen  der m odernen  B e­
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nennungsw eise  en tsp rich t (sog. p seu d o b in ä re r  N am e). Orchis fu c iflo ra  Cr. is t 
d a m it d er ä ltes te  A rtn am e  u n d  dem gem äß  is t das E p ith e to n  »fuciflora« bei 
B ild u n g  des k o rrek ten  N am ens g ru n d sä tz lich  zu verw enden  (sog. B asionym ). 
0 . fu c iflo ra  M oench is t die ä lte s te  gü ltige K om b in a tio n  des E p ith e to n  »fuci­
flora«  u n te r  die k o rrek te  G a ttu n g sb eze ich n u n g  Ophrys, d enn  d er N am e von  
S w a r t z  1800 e n th ä lt  w eder eine D iagnose noch eine in d iv id u a lis ie ren d e  
B ezu g n ah m e a u f  S ynonym e. E r  w id e rsp rich t som it den zw ingenden  F o rm ­
v o rsc h rif te n  der A rt. 32 ff  IC B N  u n d  is t  folglich u n w irksam  (sog. nom en  
in v a lid u m ) und  nach  den N o m en k la tu rreg e ln  u n beach tlich . (A rt. 12 IC B N ). 
Je d o c h  se tz t A rt. 11 A bs. 3 IC B N  n ach  S inn  u n d  W o rtla u t vo rau s, d aß  das 
ä lte s te  zu r V erfügung steh en d e  E p ith e to n  u n d  n u r dieses, n ic h t ein an d eres , 
zu fä llig  g le ich lau tendes ta tsä c h lic h  k o m b in ie rt w ird. Zw ischen Orchis fu c iflo ra  
Cr. u n d  Ophrys fuc iflora  M oench besteh en  ab e r keine d e ra rtig en  B eziehungen. 
O. fu c iflo ra  M oench is t eine N e u k o m h in a tio n  von Arachnites fu c iflo ra  S chm id t. 
D ieser N am e w iederum  is t ein E rsa tz n a m e  (nom en novum ) fü r E pipa c tis  
arachnites, der a u f der K o m b in a tio n  0 . arachnites M urr, b e ru h te , w elche d u rch  
R an g e rh ö h u n g  von  0 . insectifera  v a r. arachnites L. e n ts ta n d . A uch Orchis 

fu c iflo ra  S ch rank , w ovon S ch m idt  das E p ith e to n  fü r seine Arachnites fu c i ­
flo ra  en tleh n te , s te h t in  k e in e r e rk en n b a ren  B eziehung zu Cr a n t z . G r e u t e r  
is t d a h e r  zuzustim m en , d aß  es die K o m b in a tio n  »0. fuc iflo ra  (C rantz) Moench« 
n ic h t g ib t.

2. E ine N achho lung  der N e u k o m b in a tio n  von Orchis fu c iflo ra  Cr. u n te r  
O phrys  v e rb ie ten  die N o m en k la tu rreg e ln . N ach  A rt. 64 IC B N  sind N am en  
o d er K o m b in a tio n en  unzulässig , sofern  sie m it einem  ä lte ren , leg itim en oder 
illeg itim en  N am en oder K o m b in a tio n  übere in stim m en  (sog. h e te ro ty p isch e  
H om onym e). Die bere its  b esteh en d e  K o m b in a tio n  0 . fu c iflo ra  M oench v e r­
h in d e r t  daher eine Ü b e rfü h ru n g  des v o n  Crantz  geschaffenen E p ith e to n s  
»fuciflora«  a u f  Ophrys. H ie rbe i w ird  u n te rs te ll t ,  daß Orchis fu c iflo ra  Cr. u n d  
0 . arachnites M urr., w ovon sich O. fu c iflo ra  M oench a b le ite t, un te rsch ied liche  
T y p en  zugrundeliegen .

3. Die K o m b in a tio n  »O. fu c iflo ra  (C rantz) Moench« k an n  auch n ich t 
u n te r  B erufung  a u f  A n m erk u n g  2 zu A rt. 33 ICBN gü ltig  gem ach t w erden . 
D iese B estim m ung  e rla u b t ledig lich , ü b e r  einen F o rm feh le r bei V ornahm e 
e in e r N eu k o m bina tion  h inw egzugehen , d e r in  einem I r r tu m  b ib liog rap h isch er 
N a tu r  b e s teh t. Es is t jed o ch  n ich t Zw eck dieser Regel, e inen  nach  an d eren  
B estim m u n g en  (wie h ier z. B. A rt. 11) feh le rh a ften  N am en  zu rech tfe rtig en .

4. D a Orchis fu c iflo ra  Cr. w egen A rt 64 ICBN  n ich t m eh r als B asionym  
e in e r N eu k o m b in a tio n  u n te r  Ophrys v e rw a n d t w erden d a rf, is t nach  A rt. 72 
IC B N  a u f  das nun  folgende »älteste  v e rfü g b a re  legitim e, a u f  d er b e tre ffen d en  
R a n g s tu fe  stehende E p ith e to n «  zu rückzugreifen . N ach G r e u t e r  is t der 
n äch stg ü ltig e  N am e fü r 0 . fu c iflo ra  B u r m a n n s  Orchis holoserica. E r  b ilde te  
•daher die N eu k o m h in a tio n  0 . holosericea (B urin , fil.) G reu te r. Es is t jed o ch
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n ic h t e indeu tig  zu e rm itte ln , w as B u r m a n n  u n te r  seinem  N am en  v e rs ta n d . 
W ill m an ihn  n ic h t von  v o rn h ere in  als u n d e u tb a r  zurückw eisen  und  u n te rs te ll t  
m an , B u r m ann  h ab e  sich hei dem  Z ita t B a u h i n  s d er A uslegung w ich tig er 
A u to ren  seiner Z eit angeschlossen, d an n  sp rich t alle W ahrsch e in lich k e it d a fü r, 
d aß  es sich um  ein jüngeres S ynonym  von 0 . ap ifera  h a n d e lt. N ach  A rt. 55 
IC B N  b estim m t sich der In h a lt  e iner N eu k o m h in a tio n  nach dem  B asionym  
bzw. dem  ihm  zugrundeliegenden  T ypus. G eht m an  also davon  aus, daß  
Orchis hnloserica d e r 0 . apifera  en tsp rich t, m uß  O. holosericea (B urm  fil.) 
G reu te r als S ynonym  von  0 . ap ifera  b ew erte t w erden . D ieser N am e sche ide t 
also fü r die N o m en k la tu r von 0 . fu c iflo ra  aus.

5. D er n äch ste  zur V erfügung  stehende N am e w äre  Orchis arachnites 
Scop. A ber abgesehen davon , d aß  es sich h ier um  eine S am m elart h a n d e lt, 
die 0 . fuc iflo ra  n u r  neben  anderen  A rten  e n th ä lt, e rg äb e  eine a u f dieses B asio ­
nym  b eg ründe te  N eu k o m b in a tio n  u n te r  Ophrys n u r  ein  illegitim es H om onym . 
Im  Ja h re  1768 h a t te  näm lich  P h ilip  Miller  den N am en  0 . adrachnites als 
jün g eres  S ynonym  von  0 . ap ifera  gebildet. »A drachn ites« is t aber n u r  eine 
S ch re ib v arian te  zu »arachnites«. L i n n é  z. B. g eb rau ch te  1753 beide S ch re ib ­
weisen n eb en e in an d er in der g leichen T ex tste lle . 0 . arachnites R e ich ard  ist 
d a h e r ein jüngeres und  d am it illegitim es H om onym  zu 0 . adrachnites M iller. 
S om it scheidet diese K o m b in a tio n  sowie alle an d eren , sp ä te ren  arachnites- 
K o m h in a tio n en  fü r  eine w eitere  B e tra c h tu n g  aus.

6. Gleiches gilt fü r Orchis fu c iflo ra  Schrank , u n d  zw ar aus einem  d o p p el­
te n  G rund. E inm al is t dieser N am e ein jüngeres H o m o n y m  zu Orchis fu c iflo ra  
C ran tz  u n d  fä llt schon  von  d a h e r als B asionym  aus, da  nach  A rt 55 IC B N  
n u r  legitim e N am en  G rundlage e in e r N eu k o m bina tion  sein  dürfen . Z um  a n d e ­
ren  w ürde du rch  die Ü b e rfü h ru n g  des E p ith e to n s  in  die G a ttu n g  Ophrys 
w iederum  ein w eiteres jüngeres H om onym  zu 0 . fu c iflo ra  M oench en ts teh en .

7. N om enk la to risch  von B ed eu tu n g  ist e rs t w ieder Arachnites fu c iflo ra  
S chm id t. G rundlage dieses N am ens ist 0 . arachnites M urr. D ieser N am e ist 
illeg itim , da er ebenfalls ein jü n g eres  H om onym  zu 0 .  adrachnites M iller 
d a rs te llt. D am it is t auch die h ie ra u f  b eg rü n d e te  K o m b in a tio n  E pipactis  
arachnites S chm id t illeg itim , die d u rch  Arachnites fu c iflo ra  S chm id t e rse tz t 
w urde. T ro tz  d ieser A ble itung  erw eist sich jedoch  A rachnites fu c iflo ra  se ihst 
nach  den N o m enk la tu rregeln  als leg itim . Es h a n d e lt sich näm lich  h ierbei 
u m  einen sog. E rsa tz n a m e n  (nom en  novum ) im  S inne v o n  A rt 7 A nm . 11, 
A rt. 72 IC B N . S chmidt  w ollte die B ildung des (illegitim en) T au to n y m s 
»Arachnites arachnites« verm eiden  u n d  schuf daher e inen  neuen N am en. D ieser 
N am e b eg rü n d e te  gem äß A rt. 72 IC B N  eine neue P r io r itä t  und  is t gü ltig  
u n d  legitim . A uch die T a tsach e , d aß  Schmidt  das E p ith e to n  »fuciflora« einem  
illegitim en N am en (Orchis fu c iflo ra  Schrank) e n tle h n te , sch ad e t n ich t. N ach  
d er A nm erkung  zu A rt. 72 IC B N  k an n  näm lich  ein E p ith e to n  aufgenom m en 
w erden , welches dem  T axon  v o rh e r in  einem  illeg itim en N am en gegeben
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w o rd en  is t, falls sich n ic h t seine A nw endung  in  der neuen S te llu n g  oder neuen 
A uffassung  ve rb ie te t. D e r n äch ste  v e rfü g b are  N am e nach  Orchis fu c iflo ra  Cr. 
is t folglich Arachnites fu c iflo ra  S chm id t.

8. Ophrys fu c iflo ra  M oench is t eine N eu k o m b in a tio n  von Arachnites fu c i ­
f lo ra  u n d  dam it die e rs te  leg itim e K o m b in a tio n  u n te r  O phrys im  Sinne von 
A rt. 11 ICBN. B asionym  fü r diese K o m b in a tio n  is t also n ich t Orchis fuc iflora  
C r., sondern  das zu fä llig  g le ich lau tende E p ith e to n  von  A rachn ites fuciflora  
S ch m id t, so daß d er k o rre k te  N am e gem äß A rt. 11 IC B N  O phrys fu c iflo ra  
(F . W . Schm idt) M oench la u te t.

D as E rgebnis d e r n o m en k la to risch en  Ü b erp rü fung  is t s ich er au f den 
e rs te n  B lick v e rb lü ffen d , n ach  den N o m en k la tu rreg eln  ab e r fo lgerich tig . Die 
T a tsa c h e , daß e inerseits d e r  ä lte s te  A rtn am e  Orchis fu c iflo ra  Cr. n ich t b e n u tz t 
w erd en  kann , daß  a b e r  an d ere rse its  doch 0 . fuc iflo ra  M oench d er k o rrek te  
N am e is t, ist die F o lge des Z ufalls, daß  das E p ith e to n  »fuciflora« m ehrfach  
u n d  unabhäng ig  v o n  e in a n d e r zu r K en n ze ich n u n g  des g leichen T axons ge­
b ra u c h t wurde (w ah rsch e in lich  ab g e le ite t von  dem  vorlinne ischen  N am en 
Orchis fuc iflora , galea & alis purpurascentibus  J .  B auhin). Z usam m enfassend  
is t  festzustellen , d aß  es eine K o m b in a tio n  »O. fu c iflo ra  (C ran tz) Moench« 
n ic h t g ib t, weil 0 . fu c iflo ra  M oench n ich t au t Orchis fu c iflo ra  Cr. zu rückgefüh rt 
w erd en  kann . Die K o m b in a tio n e n  0 . arachnites (Scop) R eich ard  u n d  0 . arachni­
tes L am . sind als jü n g e re  H om onym e von  0 .  adrachnites M iller illegitim . 
0 .  holosericea (B urm  fil) G reu te r scheidet aus, weil sein B asionym  en tw eder 
als n ic h t deu tb ar zu v e rw erfen  oder w ahrschein lich  ein S ynonym  zu 0 . apifera  
is t . 0 . fuciflora  Sw. is t e in  u n g ü ltig e r N am e. A uch  die oft z itie r te  K om b in a tio n  
0 . fu c iflo ra  R e ich en b ach  p a t . is t illeg itim , da sie ein jü n g eres  H om onym  zu 
0 .  fu c iflo ra  M oench d a rs te ll t . Es b le ib t als einzige gültige u n d  leg itim e K om bi­
n a tio n  0 . fuciflora  (F . W . S chm id t) M oench, da sie au f dem  nach  Orchis fu c i ­
flo ra  Cr. n äch stv e rfü g b a ren  leg itim en  N am en  Arachnites fu c iflo ra  Schm idt 
b e ru h t .
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RECENSIONES

H y b rid iza tio n  and th e  F lo ra  o f th e  B ritish  Isles. E d ited  by  C. A. St a c e . A cadem ic Press, 
L o n d o n , New Y ork , San F rancisco  1975. pp . 626. £ 14.80.

T his book is very  rem ark ab le  in  four aspects.
1. I t  dem onstra tes th e  h igh ly  ad v an ced  s ta te  of floristic  s tu d ies  in B ritish  Isles. W hile 

in  som e countries b o tan is ts  a re  tack ling  to  p roduce  th e  f irs t species lis t of flow ering  p lan ts , 
B rita in  was able to m ake a com pila tion  of 1439 interspecific  v ascu la r p la n t  h y b rid s.

2. An evaluation  of th e  occurrence of in terspecific  hybrids in th e  B ritish  Isles (see also 
C. A. St a c e : W ild h y b rid s in  th e  B ritish  F lo ra . In : S. M. W a lters  ed it.:  E u ro p ea n  F loristic  
a n d  T axonom ic Studies. P u b lish ed  for th e  B ot. Soc. B rit. Isi. b y  E . W . Cla ssey  L td . 1975. 
p. 111 — 126) indicates, t h a t  o u t o f some 2500 wild species th ere  are 626 confirm ed  plus 122 
possib ly  correct in terspecific  hybrids. In  ad d itio n , 464 o ther com b in a tio n s are lis ted  w hich are 
k n o w n  from  o ther countries on ly  a lth o u g h  th e ir  p a ren ts  grow in B rita in . T hus, h y b rid iza tio n  
be tw een  d ifferen t species is fa ir ly  com m on in n a tu re .

3. U nder each h y b rid  com bination  th e re  are valuable  in fo rm atio n s as follows:

a) The valid  b inom ial and  the  sy n o n y m s of the  hybrid ;
b)  D escription of th e  h y b rid  (m orphology , fe rtility , v a ria tio n , in tro g ress io n , vigour,

e tc ).;
c) Ecological an d  geographical d is tr ib u tio n  (bo th  w ith in  a n d  ou tsid e  o f th e  B ritish

Isles);
d )  Survey of e x p erim en ta l w ork (e.g. a rtific ia l h y brid ization , b ack  crossing, cytogenetic  

s tu d ies);
e) Chrom osom e n u m b er of th e  h y b rid  and  its  p a ren ts;
f )  Reference to  th e  m ost im p o rta n t lite ra tu re .

4. The f irs t p a r t  o f th e  book (Section  A. In tro d u c to ry ) co n ta in s an  up  to  d a te  review  
on  h y b rid s  and  h y b rid iza tio n  in general. T h is p a r t  is w ritten  by  C. A. Sta c e , an d  it  m akes up  
a lm o st one six th  of th e  book (90 pages). T he tre a tm e n t is very  good an d  d e ta iled , dealing w ith 
a lm o st every  aspects of h y b rid iz a tio n  (even  th e  som atic  cell h y b rid iz a tio n  is included).

Such hook can n ev er be com plete  since h y b rid iza tio n  m ay  occur in  new er com binations 
a n d  som e less conspicuous ones are to be d e tec ted . Am ong these  I m en tio n  th e  p en tap lo id  
Cystopteris fragilis  w hich has also been fo u n d  in  B rita in  (Vid a , A cta  B ot. A cad. Sei. H ung. 20: 
182). On th e  o th er h an d  som e obviously  inco rrec t com binations (e.g. Polypodium  X P teri- 
d iu m ; P olypodium  X P olystichum ) m ay  well hav e  been om itted .

B rita in ’s H y b rid  F lo ra  is a very  v a lu ab le  book no t only for B ritish  b o ta n is t  b u t  for all 
b io log ists too.

G. V ida

C onserva tion  of th rea te n e d  p lan ts . E d ite d  b y  J .  B. S immons, R. I. B e y e r , P . E . B ra nd h am , 
G. L l . L ucas and  V. T. H . P a r r y . N ew  Y o rk  —L ondon 1976. P len u m  P ress. X IV  -f- 336 pp.

T his is th e  f irs t vo lum e of th e  NATO Conference Series I: E co logy , an d  i t  em bodies the  
p ro ceed in g s of th e  “ C onference on  th e  F u n c tio n  of L iving P la n t Collections in  C onservation  
a n d  C o n serva tion -o rien ta ted  R esearch  an d  P u b lic  E d u ca tio n , held  a t  th e  R o y a l B o tan ic  G ar­
d en s , K ew , E ngland , S ep tem b er 2 — 6, 1975” . A p prox im ately  150 p a r tic ip a n ts  o f tw en ty -e ig h t
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co u n trie s  a tten d ed  th e  w o rk  o f th is  conference. D elegates were p re sen t from  th e  G erm an D em ­
o c ra tic  R epublic, Y u g o slav ia , and  also Po land , b u t  S o u th  A m erican  countries, as well as 
C hina, In d ia , and J a p a n , e .g ., w ere n o t represen ted .

T he m ain top ics o f  th e  conference were; th e  resource p o ten tia l o f ex is ting  living collec­
tio n s ; record  system s; p ro b lem s an d  tech n iq u es of cu ltiv a tio n ; fu n c tio n s o f conserva tion -o rien t­
a te d  living p lan t collections in  resea rch ; b o tan ic  gardens in  re la tio n  to  p u b lic  education ; in te r ­
n a tio n a l co-operation a n d  leg is la tio n , e tc . In s tead  of tak in g  a d e ta iled  survey  of all o f th e  
p a p e rs  presented  a t  th e  te n  conference sections an d  pub lish ed  in th is  vo lum e, th e  review er 
w ou ld  like to  draw  th e  re a d e r’s a tte n tio n  to  some card inal p rob lem s d iscussed  by  th e  speakers 
a n d  th e  audience.

I t  is a w ell-know n fa c t  t h a t  th e  w orld  flo ra  is seriously  en d an g e red  by  th e  g row th of 
h u m a n  populations an d  th e  d em an d s of consum er societies. A ccord ing  to  J .  H eslo p-H a rriso n  
(K ew , E ngland), one te n th  o f th e  angiosperm  species a re  th re a te n e d  b y  ex tinc tion . P . H . 
R a v e n  (Missouri B o tan ica l G ard en ) u n d erlin ed  th a t  “ . . . th e  ex tin c tio n  of each species o f 
p la n ts  is accom panied  b y  a te n -  to  th ir ty -fo ld  loss am o ngst o th e r  o rg an ism s”  (p. 155). The 
n u m b er of th rea ten ed  tro p ic a l p la n t  species is ex trem ely  h igh ; a b o u t o n e -th ird  will be e x tin c t 
b y  th e  end of th is c en tu ry . H e  stressed  th a t  in troduced  an im als have  o ften  caused rap id  and  
irreversib le  changes in  species com position . For exam ple, in H aw aii, a t  h igh  elevations, 

. . grazing anim als h av e  v e ry  serious effects an d  it  seem s ab so lu te ly  incom prehensib le th a t  
a u th o ritie s  have th u s  fa r  re fu sed  to  ex te rm in a te  th e  m am m al p o p u la tio n s , a p p aren tly  consider­
ing  th e  spo rt th a t  h u n tin g  th e m  prov ides to  a few m ore im p o r ta n t th a n  th e  d estruction  and 
ir re tr ie v a b le  loss of th o u sa n d s  of species o f un ique  p lan ts  a n d  an im als w hich  evolved in  the  
H aw a iia n  island over m illions o f y e a rs”  (p. 168).

M any econom ic reaso n s u rge  a policy of conserva tion  fo r p la n ts , because  in th e  long run  
o u r ow n survival d epends on a  wise an d  b a lanced  ex p lo ita tio n  of th e  vegeta tio n . M ost of th e  
conference p a rtic ip an ts  ag reed  t h a t  such  policies m u st be  based  p rim arily  on conservation  
in  th e  n a tu ra l h a b ita t  an d  th a t  “ . . . th e  basic req u irem en t fo r th e  p re se rv a tio n  of th e  th re a te n ­
ed  f lo ras  of the  w orld is . . . th e  se ttin g  up  of an ad eq u a te  n e tw o rk  of ecosystem  reserves in all 
th e  m ajo r floristic reg ions”  (J . B . Sim m o n s , Kew , E ngland). L iv ing p la n t  collections and bo tan ic  
g a rd en s are no t able to  rep lace  th e  conse rv a tio n  in  th e  field , b u t  th e y  certa in ly  will m eet th e ir  
o b liga tions in  the  in te g ra te d  sy s tem  of conservation  of en d angered  p la n t  species and  ecosystem s 
a n d  in  th e ir  re sto ra tio n  a n d  re -e s ta b lish m e n t (p. 13, G. B u d o w s k i, IU C N , Sw itzerland; p. 27, 
J .  B . S immons).

K . E sser (B ochum , F G R ) an d  o th e r con trib u to rs  h av e  m ade  a clear d istinction  be ­
tw e e n  p reservation  an d  c o n se rv a tio n  of th rea ten ed  p o p u la tio n s an d  species. Conservation 
m ea n s  to  keep p o p u la tio n s u n d e r  th e  sam e conditions as in  n a tu re , follow ing th e  same p a th s  
o f evo lu tion . P re se rv a tio n  den o tes to  keep th em  essen tia lly  in th e  sam e s ta te  as w hen th ey  
w ere tak e n  from  th e  n a tu ra l  h a b ita t .  In  cu ltiv a ted  collections n e ith e r o f these  aim s is a t ta in ­
ab le  fo r different reasons (e.g. co n tin u o u s a lte ra tio n  of geno types by  genetica l recom bination ; 
u n w a n te d  h y brid ization ; se lec tion  b y  incom pletely  con tro llab le  en v iro n m en t, etc ., (pp. 185 — 
186) O. H . F ra nk el  (C a n b erra  C ity , A u stra lia ), G. H a w k e s (B irm in g h am , E ngland), K. E sser  
a n d  o th ers  urged th e  g re a t im p o rta n ce  of p roper sam pling  m eth o d s b y  th e  creation  of living 
collections. E very  effo rt has to  be m ad e  in  order to  reduce sam pling  erro rs an d  to  get sam ples 
co n ta in in g  the m a jo rity  o f th e  geno typ ic  v a ria n ts  of th e  w hole n a tiv e  p opu lation  sam pled. 
F ro m  th is  po in t of v iew , Y. H . H ey w o o d  (R eading, E n g lan d ) w as w holly  r ig h t when he c r it­
icized  v e ry  sharply th e  u su a l p rac tice  of m o st b o tan ic  g a rd en s to  ge t seed sam ples from  o th er 
g a rd en s and  to offer th e m  fo r exchange  th ro u g h  seed lis ts , w hich  “ . . . ten d ed  in m any  cases 
to  becom e overlarge, u n se lec tiv e , in ac cu ra te  and  rep e titio u s in  th e  sense th a t  th ey  contained 
th e  sam e m ateria l o ften  rece iv ed  sh o rtly  before from  o th er ga rd en s . . .  A  m ore or less s tan d ard  
se t o f ta x a  was b u ilt u p  in  m a n y  b o tan ic  gardens o ften  a t  th e  expense of local n a tiv e  ta x a  w hich 
w ere  largely  ignored. T he seed  lis ts  re flec ted  th is an d  th e  sam e o ften  in accu ra te ly  identified  
seeds were exchanged, c u ltiv a te d , exchanged , and c u ltiv a ted , y e a r a f te r  y ea r . . . The con­
sequence: considerable p e rcen tag e  of tax o n o m ic  m is id en tificatio n  of p la n ts  grow n in bo tan ic  
g a rd en s . . .”  (p. 227). H is reco m m en d a tio n  is: “ . . . seed exchange should  becom e a m uch  
m ore  critica l and  selective  a c t iv ity  . . . The num ber of ta x a  lis ted  w ill have  to  be reduced, 
allow ing gardens to  c o n ce n tra te  on th e ir  n a tive  floras, specialized  collections or on exotic  
flo ras in  w hich th ey  h av e  a specia l re sea rch  in te res t” (p. 230).

O. H. F r a n k e l ’s re co m m en d a tio n  followed th e  sam e line: . . an y  bo tan ic  garden
sho u ld  re stric t the n u m b er o f ta x a  w hich it  seriously w ishes to  p ro te c t”  an d  “ th e  m ain  em ­
p h asis  should be on ecologically  su ited  ta x a  w hich you ex p ec t to  be m ain ta in ed  in your bo tan ic  
g a rd en s over long pe rio d s” . A  reasonab le  genetic  d iversity  of th e  p o p u la tio n  sam ple — he 
s tre ssed  — “ is a m a tte r  o f in su ran ce  even  un d er p ro tec ted  co nd itions”  a n d  is m uch m ore im ­
p o r ta n t  “ if the  o b jec t is re -e s ta b lish m e n t in th e  wild s ta te ” . A ccording to  h im , the  genetic
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d iv ers ity  will be  “ fa r  m ore effectively  p reserv ed  over an  ecological t ra n s e c t” . F rom  th e  p o in t 
o f  view  of th e  succesful re -estab lish m en t, he u n d erlin ed  th e  im p o rtan ce  of th e  s tu d y  of b reed ing  
system s an d  th e  au teco log ical aspects of th e  ta x a  concerned, as well as th e  synecology of th e  
co m m u n ity  in w hich  th e y  are to be estab lish ed  (p. 247).

T h eore tically , th e  so-called gene b an k s  or seed-banks offer th e  m o st effic ient m e th o d  for 
p re se rv a tio n  of sam ples o f th rea te n e d  p la n t  p o p u latio n s. No sign ifican t genetic  a lte ra tio n s cou ld  
be o bserved  in seed sam ples s to red  a t  tem p e ra tu re s  of — 18 °C to  —20 °C an d  a t  a m o is tu re  
c o n te n t of 5 ^ 1 %  in  sealed con tainers. In  o rder to  resto re  th e  v iab ility  o f s to red  seed sam ples 
th e re  is a need of cyclic re ju v en a tio n  b y  sow ing a n d  seed growing. T he genetic  in te g rity  o f re ­
ju v e n a te d  sam ples m ay  be in fluenced  by  selection , outcrossing , a n d  ran d o m  f ix a tio n  of som e 
alleles (d rift) . These questions and  o th ers , connected  w ith th e  seed b a n k  program  (q u a ra n tin e  
p rob lem s, d o cu m e n ta tio n , e tc .) were sh o rtly  b u t  v e ry  convincingly  discussed by  W. H a n d elm a n  
(B raunschw eig). H e  em phasized  th a t  th e  seed ban k s have been given f irs t p r io r ity  for 
p re se rv a tio n  purposes, because th e  estab lish m en t o f n a tu ra l genetic  reserve areas for c u ltiv a ted  
p la n t  species as w ell as for th e ir  w ild re la tiv e s an d  p rim itiv e  form s w ould be a ra th e r  u n rea lis tic  
ta sk  (p. 2 1 3 -2 2 2 ) .

Special re sea rch  top ics were d iscussed  b y  J .  H es l o p -H a rriso n  (rep roductive  p h y sio l­
ogy) an d  C. D. Co o k , Z ürich  (autecology). Special cu ltiv a tio n  tech n iq u es and  research  p ro ­
g ram s connected  w ith  th em  were o u tlin ed  b y  H .-H . P o p p e n d ie c k , H am b u rg  (M esem bryan- 
th em u m s), by  T . B ö cher  an d  O. Ol s e n , C openhagen (a rc tic  glasshouses), an d  by  K . R . 
W oollia m s, H aw aii (p ro p ag a tio n  of H aw aiian  species). E specially  d istressing  is th is  re p o rt  
ann o u n cin g  th a t  a lm o st 50%  of th e  know n H aw aiian  species — m o stly  endem ic ones — are 
u n d e r severe stress or facing ex tinc tion !

A n o th er v e ry  im p o rta n t group  of a rtic les dw elt a t  len g th  on d ifferen t system s of d o cu ­
m e n ta tio n  and d a ta  processing (Ö. N g ilsso n , U ppsala ; J .  Cu l l e n , E d in b u rg h ; F . H. P e r r in g , 
H u n tin g to n , E n g lan d ; M. H ofm an , K o n s tan z , F . G. R .). All a u th o rs  and  reasoners co n cu rred  
th a t  a sound a n d  un ified  system  of d a ta  record ing  an d  processing w ould be a p re req u isite  for 
in fo rm a tio n  exchange  and  for a  successful co -operation  am ong co n se rva tion -o rien ted  b o tan ic  
gardens an d  o th e r in s titu tio n s . Some basic  req u irem en ts  o f th e  in te rn a tio n a l co-operation  w ere 
o u tlin e d  b y  O. H . F r a n k e l . He stressed  th a t  all living p la n t collections a n d  especially th e  b o ­
ta n ic  gardens hav e  to  w ork  in  th e  long ru n  and  to  hav e  a clearly  u n d ersto o d  tim e scale o f co n ­
cern  in th e ir  a c tiv itie s  b o u n d ed  w ith  co n se rv a tio n  or p re se rv a tio n  of endangered  w ild p la n t  
species or p o pu lations.

E . S. Ay e n s u  (Sm ithson ian  In s t i tu t io n , W ash ing ton) a rg u ed  th a t  b o tan ica l in s titu tio n s  
should  p lay  a p iv o ta l role in  conserving as m an y  as possible of th e  th re a te n e d  species. He u n d e r ­
lined  th e  im p o rtan ce  of research  w orks on p lan ts  a b o u t whose biological syndrom es and  n a tu ra l  
h a b ita t  regim es we h av e  n o t enough in fo rm atio n . T he in te rn a tio n a l exchange and  sharing  of 
m a te ria ls  and in fo rm a tio n  as well as a p ro p a g an d a  a c tiv ity  for th e  coun tenance  of co n se rv a­
tio n  effo rts — are  th e  necessary  step s in  a conserva tion  program  (pp. 259 — 267) .

G. L l . L ucas (K ew , E n g lan d ) sh o rtly  sum m arized  recen t developm en ts in  in te rn a tio n a l 
coopera tion  and  leg isla tion  in  p la n t  co nserva tion . O f f irs t  im p o rtan ce  is th e  se ttin g  up  o f th e  
T h rea te n e d  P la n t  C om m ittee  (TPC) by  th e  S u rv iva l Service Com m ission of th e  In te rn a tio n a l 
U n ion  for C onservation  of N a tu re  an d  N a tu ra l R esources (IU C N N R ). A n o th e r m ajo r dev elo p ­
m e n t ou tlined  by  M r. L ucas was th e  C onven tion  on In te rn a tio n a l T rad e  in E n d an g ered  Species 
of W ild F au n a  a n d  F lo ra , w hich has been  signed in  W ash ing ton  in early  1973 and  cam e in to  
force on 25 th  A u g u st 1975. The fu ll t e x t  o f th is  C onvention  an d  th e  Conference reso lu tio n  are 
ad d ed  to  th e  Conference m ate ria l too.

The sum  u p , th is  book co n ta in s m an y  v a lu ab le  ideas, in fo rm a tio n , and  reco m m en d a ­
tio n s  n o t only for th e  cu ra to rs  and  m an ag ers  o f b o tan ic  gardens and  o th e r  living p la n t collec­
tio n s  b u t  for all specia lis ts in te res ted  in  p rob lem s of n a tu ra l conservancy.

B. J ankó

M. Ma r ó t i: A  növ én y i szö v e ttenyész tés a lap ja i (The bases of p la n t tissue cu ltiv atio n ) 1976, 
345 pp . 147 illu s tra tio n s . A kadém iai K iadó , B u d ap est

T he re su lts  o f p la n t tissue cu ltu re  ach ieved  in th e  p a s t decades have  m ade it  possib le 
to  use  th e  in  v itro  ste rile  techn iques as a m eth o d  of th eo re tica l a n d  ap p lied  research  in  p la n t  
physio logy  and  genetics, in  p la n t b reed ing  and in ag ricu ltu ra l p ractice . T hus, lab o ra to rie s  o f 
p la n t  tissue  c u ltiv a tio n  have  been  an d  are  being se t up  in  th e  fa irly  va rio u s fields of p la n t  r e ­
sea rch  fo r th e  ap p lic a tio n  of sterile  b reed ing  techn iques. The ra p id  an d  wide sp read  of th e  
m eth o d  hav e  n ece ss ita te d  th e  p u b lica tio n  o f a com prehensive hand b o o k  in H u n garian .
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Professor M ihály Ma r Ót i has been dealing  w ith  p lan t tissue cu ltu res for m ore th a n  a 
q u a r te r  o f a cen tu ry  a t  th e  L o rán d  E ötvös U n iv e rs ity  of B udapest. H is own experiences and 
th e  lite ra ry  resu lts are successfu lly  com posed in his book , w hich is th e  f irs t of its k ind  of a com ­
preh en siv e  handbook  in th e  specia list l ite ra tu re  in  H u n g a rian  and  w hich  can be fru itfu lly  used 
b y  researchers and sp ec ia lis ts  dealing w ith  p la n t  tissu e  cu ltu res in th e ir  w ork.

In  th e  book consisting  o f seven ch ap ters , th e  a u th o r discusses th e  various fields o f p lan t 
tissu e  cu ltiv a tio n  m ain ly  fro m  p lan t physio logical an d  m ethodological v iew poin ts. Follow ing 
th e  In tro d u c tio n  and L is t o f  A bbrev ia tions, in  C h ap te r I I  th e  no tion  purpose  an d  use o f iso­
la te d  cu ltiv a tio n  is p re sen te d  and its h is to ry  is sum m arized  from  W o chting  (1878) and 
H a b er la n d t  (1902) u p  to  o u r days (1975).

One of th e  v ita l req u irem en ts  of a f ru itfu l p la n t  tissue cu ltiv a tio n  is carry ing  o u t ex ­
p e rim en ts  for and com posing th e  su itab le  cu ltu re  m edium . The organic and  inorgan ic  com po­
n e n ts  o f th e  culture  m ed iu m  is dea lt w ith  in C h ap te r  I I I .  The value  of th is  C hapter is increased 
b y  th e  fa c t th a t  th e  a u th o r  deals in deta il w ith  th e  ro le, im p ortance  a n d  effects o f th e  various 
n itro g en  sources, c a rb o -h y d ra te s , v itam ines, s t im u la n ts  and inh ib ito rs  in  th e  m etabo lism  of 
th e  iso lates. C hapter IV  deals w ith  th e  g row th , d iffe ren tia tio n  an d  organogenesis of th e  iso lated  
p la n t  p a r ts . In  th is c h ap te r , th e  au th o r deals se p a ra te ly  w ith  em bryo  an d  ovule cu ltu res and  
o rg an  cu ltu res (shooting, ro o t , leaf, flower, f ru it,  a n th e ra )  as well as th e ir  in v itro  g row th  an d  
developm en t. In  th is C h ap te r , also th e  tech n ica l questions of callus cu ltu res and  cell cu ltu res, 
th e  p rob lem s of th e ir g ro w th  and  d iffe ren tia tio n  are  d ea lt w ith . F in a lly , a sh o rt su m m ary  is 
p ro v id ed  on th e  m ost im p o r ta n t  problem s a n d  re su lts  o f th e  research  re la te d  to  p ro to p la s t 
cu ltu res . In  th is C hap ter th e  a u th o r  discusses fo r too  m uch  of th e  m ate ria l an d  it  w ould  have 
been  m ore adv an tag eo u s fro m  th e  v iew poin t o f read e rs  or researchers using  th e  book if sepa­
ra te  ch ap ters  h ad  d ea lt w ith  th e  m ate ria l g ro u p ed  accord ing  to certa in  conceptions.

A fte r C hapter V, w h ich  is devoted  to  th e  v a rio u s  k inds of callus tissue cu ltu res , C hap ter 
V I deals w ith  th e  fields o f ap p lica tio n  of tis su e  cu ltu res . U n fo rtu n a te ly , th is  C hap ter has a 
sho rtcom ing  in so fa r as i t  does no t ind icate  th e  fields o f genetics a n d  breeding in sp ite  o f th e  
fa c t t h a t  re lev an t references an d  inferences are  fo u n d  in  abundance  in  C hapter IV.

C h ap ter V II p ro v ides a num ber of u sefu l pieces of advice for lab o ra to ries w hich are 
being  se t up. I t  discusses th e  general m ethodolog ical questions o f in v itro  techniques, and  d e ­
scribes th e  m ost im p o r ta n t  n u tr ie n t  m edium s.

T he value of th e  boo k  is g reatly  increased  b y  th e  fac t th a t ,  in ad d itio n  to  th e  discussion 
of th e  various subjects, th e re  a re  detailed  references a t  th e  end of th e  various chap ters , and  also 
th e  term ino logy  and th e  b asic  notions re la te d  to  th e  iso lated  p la n t p a r ts  are given. A fu rth e r 
ad v an tag e  of th e  book, w h ich  w as published in  1976 th a t  th e  lite ra tu re  of 1975 is t re a te d  in it 
in  a still appreciable w ay.

In  a las t analysis i t  can  be s ta ted  th a t  th e  e lab o ra tio n  of th e  su b jec t a tta in s  th e  s ta n d a rd  
of books published  in E n g lish  on tissue cu ltu res , i t  supplies a long-felt need in H u n g arian  spe­
c ia list l ite ra tu re , and  it  c an  be  used  w ith  success b y  researchers a n d  specialists dealing w ith  
tissu e  cultures.

L. H eszky

S ch u ltz , V., E b er h a r d t , L . L .. T homas, J .  M. and  Co chran , M. I.: A b ib liog raphy  of q u a n ti­
ta t iv e  ecology. 1976. D o w d e n , H utchinson  a n d  R o ss . S tro udsburg , P ennsy lvan ia , pp. 1 — 361.

T he au tho rs com piled  th e ir  b ib liography  fro m  th e  following consideration : of la te  years, 
th e  ap p lica tio n  of m a th e m a tic s  and s ta tis tics  in  ecology has increased  to  such an e x te n t th a t  
th e  com pila tion  of a re la tiv e ly  m any-sided b ib lio g rap h y  has becom e a  necessity .

G rea t a tte n tio n  h as b een  paid  to th e  use  o f m a th em a tic s  an d  s ta tis tic s  in ecology, and 
besides, th e  app lication  of co m p u te rs  has no t been  neg lected  e ither. T he w orks con tain ing  s ta n d ­
a rd  m a th em a tica l and  s ta tis t ic a l  m ethods h av e  b een  included  only in  such cases if  th e y  con­
ta in  a d e ta iled  discussion of th e  m ethods as well.

The periodicals w h ich  w here considered im p o r ta n t  have been d ea lt w ith  from  th e  f irs t 
issue up  to  1974.

W hen grouping th e  m a te ria l th ey  were faced  w ith  several d ifficu lties (for exam ple, th e  
d e lim ita tio n  of sub jects, ca teg o ry  of certa in  p u b lica tio n s , c lassification , etc.).

T he num ber of su b je c t groups h ad  to  be re s tr ic te d : th e  survey  of th e  lite ra tu re  belong­
ing in th e  th eo ry  of genetics a n d  evolution  has n o t even  be a tte m p ted .

T he b ib liographical m a t te r  has been g ro u p ed  according to  th e  following categories: 
age, age s tru c tu re ; c o m p a rtm e n t m odels; c o m p e titio n , density  dependence an d  reg u la tio n ; 
c o m p u te rs  and  d a ta  p rocession ; sim ulation; cyclic phenom ena; d iv ers ity ; energetics and  pro-
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d u c tiv ity ;  u tiliza tion , t r e a tm e n t  and co n tro l; frequency  d is trib u tio n s; g ro w th  of ind iv iduals; 
grow th  of population ; m a th em a tica l m odels; p o p u la tio n  m odels; s to c h as tic  m odels: operation  
re sea rch  and program m ing ; o rd ination ; p a tte rn s ;  p lotless sam pling; p lo ts  a n d  q u a d ra ts ; p o p ­
u la tio n  dynam ics; p o p u la tio n  e stim a tio n  m eth o d s of cap tu re  a n d  re c a p tu re ; popu lation  
e s tim a tio n  (other m eth o d s); rep roduction ; sam p lin g ; survival and  m o r ta lity ;  tax o n o m y ; books, 
b ib liog raph ies and e d u ca tio n a l m atte rs . T h e  volum e ends w ith  an  index .

T he b ib liography  overw helm ingly co n ta in s  A m erican an d  zoologist a u th o rs ; i t  is only 
sp o rad ica lly  th a t, besides J .  Ecology, E u ro p e a n  periodicals are to  be fo u n d  (for exam ple, Oikos, 
E co log iya), and au th o rs  a re  even rarer. T h e  fa c t th a t  S. B rody’s boo k  an d  th e  volum e en titled  
P ro c . F irs t  In te rn a t. C ongr. of Ecology a re  m issing  is very  conspicuous.

W ith  regard to  v iew po in ts of b o ta n is ts  it is hard ly  u n d e rs tan d a b le  t h a t  th e  book of 
V a s il e v it s , and â e s tâ k -C a tsk ÿ -Ja rv is  h a s  been  left ou t of the  vo lum e; fu r th e r , th a t  the  ac­
tiv it ie s  of D. M. d e  V r ie s  am ong the  D u tc h  b o tan is ts , and of N. N um ata  am ong  th e  Jap an ese , 
as w ell as th a t  of R . M c I n to sh  am ong th e  N o r th  A m ericans have  n o t been  discussed.

To place Be r t a l a n f fy  to le tte r  V in  th e  a lp h abetica l o rder is puzzling  for us H u n g a­
rian s .

C ertain sub jects (fo r exam ple, n iche) are d ifficu lt to be fo u n d  in  th e  app lied  categories.
T he rem arks m en tio n ed  do no t d im in ish  th e  value of th e  vo lum e fro m  w hich a survey  

of th e  N o rth  A m erican ecological lite ra tu re  is availab le  for th e  E u ro p ea n  researchers.

I. P récsényi

H u t c h in so n , G. E .: A T rea tise  on L im nology . Vol. I I I .  L im nological B o tan y , Jo h n  W il e y  & 
Sons, New York —L o n d o n  — S yd n ey —T o ro n to , 1975, 660 pp. 164 F igs, 76 T ables

Legions of re sea rch ers  the  world o v e r deal w ith  the  m ost v a ry in g  sc ien tific  problem s, 
th e  n u m b er of p u b lic a tio n s  increases a s to n ish in g ly  even in  th e  seem ingly  m o st insig inficant 
fie lds o f science. T his f lo o d  of pub lica tion  is even m ore increasingly  ob se rv ab le  in lim nology, 
fo r a significant p a r t  o f en v iro n m en ta l p o llu tio n  caused by m an k in d  in fec ts w aters and th is 
p resses intensive re sea rch  forw ard . I t  is o n ly  th e  sa fe ty -be lt of good sum m ariz in g  works th a t  
can  offer an escape fro m  th e  sea of p u b lic a tio n s  w hich in u n d a te s  e v ery th in g . T he te rm  com ­
p ila tiv e  w ork used to  h a v e  a slightly d e g rad in g  sense, th is, how ever, h as been  blow n aw ay by 
th e  w ind  of m odern tim e s . An ap p ro p ria te  co m p ila tive  w ork has by  a ll m eans m ore value th an  
ev en  a n  independent w o rk  of m edium  s ta n d a rd . T his is even m ore so w hen  th e  com pilation  is 
o f a c rea tive  character. H u tch in so n ’s b o o k  is no t m erely a d ry  en u m e ra tio n  of th e  m ost im ­
p o r ta n t  articles w ritte n  on  th e  su b ject, b u t  th e  fac tu a l m ate ria l is also tra n s m itte d  th ro u g h  
th e  fu rn ace  of a p e rso n a lity  of encyclopaed ic  know ledge, therefore  th e  w o rk  is to  a consider­
ab le  e x te n t an in d iv id u a l p roduction . T h is book  can  serve as an  exam ple  o f  how7 to  w rite  on a 
sc ien tific  subject a t  a h ig h  in te llectua l s ta n d a rd ,  b u t  a t  th e  sam e tim e  w ith in  th e  cap acity  of 
ev ery b o d y , and im b u ed  w ith  a deep love o f n a tu re . The au th o r th ro w s lig h t w ith  im posing 
c e r ta in ty  and b rev ity  u p o n  th e  b iochem ical, physiological, h isto logical, e tc . back g ro u n d  of the  
p h en o m en a  described a n d  he does so in su c h  a d istinguished E ng lish  sty le  t h a t  even a reader 
w ith  m edium -level fa m ilia r ity  w ith th e  lan g u ag e  is forced to  look up  his d ic tio n ary  ra th e r  
f req u e n tly , which, how ever, causes a t th e  sam e  tim e a g reat deal of p leasure  as well. T he book is 
d evo id  of two fau lts f re q u e n tly  occurring in  such  books: ignoring th e  m etric  sy s tem  an d  leaving 
th e  E u ro p ean  works — a n d  even more th o se  from  th e  socialist co u n tries — o u t o f consideration . 
T he a u th o rs’ conception  o n  nom enclature  (e .g . Phragmites australis) is m o d ern , b u t  in ju stified  
cases he is prepared to  com prom ise (e.g. Schoenoplectus-Scirpus p ro b lem atic ) an d  — v ery  agree­
a b ly  — delim its h im self from  the  ex tre m e  cases of nom enclatu re  (i.e. from  th e  Cyanophyta  
concep tion  of Dro u et  a n d  D a ily ). The B ib lio g rap h y  consists o f 38 pag es an d  like a B aedeker 
o f th e  specialist l i te ra tu re  indicates th e  m o re  im p o rta n t works w ith  an  aste risk . The book pos­
sesses such advan tages as can be a p p rec ia ted  b y  th e  reader also in th e  p reced ing  volum es. The 
c h a p te rs  are easily su rv ey ab le , they  beg in  w ith  an  in tro d u c tio n , are  sa tis fac to rily  d iv ided in to  
sec tions and  closed w ith  a sum m ary. A lis t o f th e  geographical lo ca tio n  o f th e  lakes discussed is 
also p rov ided  in th is vo lu m e. The use o f th e  book is facilita ted  b y  a g en era l index  a n d  an  index 
of gen era  and species o f organism s.

T he book co n ta in s  th e  following six  ch ap te rs : The Low er R o o ted  V eg eta tio n ; T he N a tu re  
a n d  D iversity  of A q u a tic  T racheophy tes; Biological C haracteristics o f th e  T rach eo p h y tes  of 
In la n d  W aters; The C hem ical Ecology of F re sh w a te r  M acrophytes; T he D is tr ib u tio n  of M acro­
p h y te s  in  Lakes; T he A lgal B enthos.
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I t  is too d ifficu lt to  em phasize  a n y th in g  from  the  book. T ab le  7 has g re a t significance 
fro m  general lim nological v iew p o in ts; C lassification of life-form s a n d  g row th-form s of h igher 
a q u a tic  p lan ts; and  T ab le  8; A  com parison  of th e  schem e of ecological c lassification  used  in th e  
p re se n t w ork . . . T he fo rm er chaos o f n o m en c la tu re  has been successfu lly  e lim inated  an d  a 
w ell-com prehensible sy s tem  has been crea ted . W here an  ex trem e ly  sm all nu m b er of autecol- 
og ica l d a ta  is availab le  H u tc h in so n  m akes a g rea t n u m b er o f little -k n o w n  experim en tal 
re su lts  public p ro p erty . T he term ino logy  of algal b en th o s is b y  no m eans un iform  th e  w orld 
o v er an d  from th is, possib le , m isu n d ers tan d in g s m ay  arise. T h is p ro b lem  m ay  be solved only 
if  th e  system  of a w idely -know n w ork of g re a t influence is gen era lly  accep ted  and specialists 
w o u ld  use it. I la p to b e n th o s  a n d  Iie rp o b e n th o s  used  in th is  w ork  w ould  in d eed  be sa tis fac to ry  
fo r th is  purpose.

The friends of th e  p reced ing  tw o volum es will no t be d isa p p o in te d  by  th e  th ird  volum e 
e ith e r  and , w hat is m ore, we m ay  be convinced th a t  th is  th ird  vo lum e will a ssist th e  f irs t tw o 
ones in a tta in in g  friends fo r them selves, too .

L. H a jd ú

B ö h m , A nton (1976): M orphologische S tu d ien  im  B ereiche der P y rrh o p h y ta . Das P rob lem  
F o rm  u n d  Selektion. B ib lio th eca  Phycologica E d. 22. J .  Cram er  in  A. R . Gantner  Verlag 
K om m anditges. V aduz, 119 p p ., 32 p la tes , 197 figures.

The aim  of th e  su b je c t, as is ex p la ined  in  th e  sum m ary  by  th e  a u th o r  him self, is “ to p o in t 
o u t  an d  prom ots th e  l iq u id a tio n  of th e  view  and prejudicies th a t  have  been set for a long tim e, 
ta k e n  over w ithou t criticism  an d  accu m u la ted  in fin ite ly ” . T he re su lts : th e  fo rm  of th e  P y rrh o - 
p h y ta s  does not p lay  a p a r t  in  th e  im p ro v em en t of th e  flo a tin g  m o v em en t; fu rth e r, i t  does o t 
serve any  of the  task s sup p o sed  b y  th e  lite ra tu re . In  th e  case of P yrrhophyta , a uniform  notion  
o f species is in principle im possib le , since th e  im portance  of th e  m o rp h e  an d  th e  tab u la tio n  is 
n o t  know n, and th e  fre q u e n t in te rcep tio n  (overlapp ing) of these  tw o ch arac te ris tics  resu lts  in 
a com ple te ly  incom prehensib le  s itu a tio n . T he re a lity  of th e  p rogressive  fo rm  lines and the  
p a ra lle l trends m akes th e  e ffec t of in te rn  facto rs ( th a t  is, a com m on in h e rito ry  stock) u n stead  
of th e  ex tern  factors p ro b ab le . T here are signs of b o th  in traspecific  an d  transspecific  evolution. 
T he fin a l question of th e  w o rk  is w h e th er th e  form  has a p a r t  to  p lay , o r w hether i t  has to  
h a v e  a p a r t  to p lay  in  se lection .

A young sc ien tist, a t  th e  beg inn ing  of his career, considers ev ery  prob lem  as a  sim ple 
one. T he more, how ever, he w orks deeper in to  a field, th e  prob lem s look th e  g reater, while th e  
q u estio n  increasingly m ore unso lvab le . Possib ly , in an  ex trem e  case th e  aim  is no longer to 
f in d  a solution b u t to  f in d  a p rob lem . T he notions an d  m eth o d s of a ll th e  biological science 
b ra n ch e s  are bu rdened  w ith  fau lts . N everthe less , th e  positive  fe a tu re s  and  th e  negative ones 
sh o u ld  be brought in to  eq u ilib riu m , since th e  one-sided m en tio n in g  a n d  exaggeration  of th e  
u n so lv ed  problem s lead  to  cyn ical s ta n d p o in ts , and p u ts  a q u estio n -m ark  w hether fu rth e r 
w o rk  is a t  all reasonable. T h is  do u b tin g  in  ev ery th in g  can be fe lt in  B öhm ’s w ork, and i t  is 
p e rcep tib le  im m ediately  a t  th e  f irs t glance of th e  freq u en t occurrences o f q u o ta tio n  m arks, 
ex c lam a tio n  m arks an d  q u estio n  m arks.

Algae tak en  in  th e  tra d it io n a l  sense em brace such a large  o rg an iza tio n a l and ecological 
d o m ain  th a t  no s ta te m e n t v a lid  fo r all of th em  w ith o u t ex cep tio n  (an d  on ly  for them ) can  be 
m ad e . L et us call th e  s ta te m e n t an  a lgal rule.

In  term s of th is  th o u g h t,  B öhm  engages in discussion w ith  th e  th e o ry  th a t  the  ap p en d ­
ages an d  th e  form  serve th e  im p ro v em en t of floating . He co n trav en es th is  hypo thesis by m eans 
of an alysing  the flo ralists  in  l ite ra tu re . T he review er who, d issim ilarly  to  th e  au tho rs , has n o t 
sp e n t his whole life in  s tu d y in g  th e  P yrrhophyta , can n o t ju d g e  to  w h a t e x te n t  th e  co n tra-ex ­
am ples no t m entioned here  in fluence th e  conclusion. N everthe less , in  th e  v ery  sense of th e  
a lga l ru le , we cannot agree w ith  th e  ex ag gerating  fin a l conclusion t h a t  th e  form  is alw ays u n ­
im p o r ta n t  in floating  m o v em en t u p tak in g  th e  n u trie n t, p rev en tin g  ag a in s t grazing etc. We 
h a v e  know n since D a r w in  t h a t  th e  o rgans th a t  have  lo st th e ir  fu n c tio n s  show  an ex trem e v a ­
r iab ility . The existence an d  g re a t s ta b ility  o f these  m orphological m ark s  suggest th a t  th e  algae 
do use  th em  for som eth ing . T here  is rigorous econom y in n a tu re ; no self-con tained , fu n c tio n ­
less fo rm ations can be general. B ecause, on th e  basis of our p re sen t know ledge, we can n o t 
s till recognize the fu n c tio n  we can n o t m ake th e  s ta te m en t th a t  i t  h a s  n ev er h a d  an  im portance 
in  selection , in niche seg regation , etc.

The book will be o f use  for n o t on ly  those dealing w ith  ev o lu tio n  th eo ry  and genetics 
b u t  also for taxonom ists. T he a u th o r  analyses — even th o u g h  in  a n  ex ag g era tin g  w ay — such 
p ro b lem s th a t  exist a c tu a lly . I t  is tru e  th a t  th e  m echanical th eo ry  of expedience and  selection
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is in p rincip le  condem ned b y  everybody , nevertheless, in exp lain ing  concrete  cases, ev e ry b o d y  
m akes freq u en t use of it. I f  in such cases those  who have read  th e  book  tu rn  n o t im m ed ia te ly  
to  th e  m o st convenien t ex p lan atio n  of expedience b u t  m ed ita te  w h e th e r such a connection  
can  ex is t here, th en  it can  be inferred  th a t  th e  book has achieved th e  aim  se t to  it. E n jo y in g  it  
w ith in  bounds, th e  read e r will be able to  acqu ire  — if he has no t y e t done i t  — th e  sound  d o u b t­
ing and  problem -seeing necessary  for a r ig h t taxono in ica l a tt i tu d e . I t  is a p i ty  th a t  th e  book 
h as been published on ly  in G erm an; th e  dan g er o f ignoring it from  th e  side o f E nglish-speak ing  
co u n tries  th rea ten s  is.

L. H a jd ú

P ie l o u , E . C. (1975): Ecological D iversity . J o h n  W ile y  & Sons, Inc . N ew  Y ork, pp  165.

T he aim  of th e  a u th o r  was, as she s ta te s  in th e  preface: “ . . . a sh o rt s ta te -o f-th e -a rt 
book  w ould  be useful to  th e  m any  research  w orkers and g rad u a te  s tu d e n ts  who are concerned 
w ith , or ab o u t to s ta r t  w ork  upon , th is  to p ic .”

The volum e is d iv id ed  in to  8 ch ap ters . T he f irs t deals w ith  th e  indices of d iv ers ity  and  
evenness. There are described  th ree  d iv e rs ity  indices (Sh a n n o n -W e a v e r , B r il l o u in  and( j j '  \  /  J J    Д  . \

=  T— * V  I =  —--------- — I,
l°g ^  J  V ^max -"min/

as well as th e  “ e q u ita b ility  index”  according to  L loyd  and  Gh e l a r d i). A m ore d e ta iled  review  
can  be  found  in earlier book  of th e  a u th o r  (P ie l o u , 1969, An in tro d u c tio n  to  m ath e m a tic a l 
ecology. W il e y , New Y ork).

T he problem s concerning sam pling  processes are also in c lu d ed  in  th is ch ap ter. T he 
m eth o d  for e stim ating  d iv e rs ity  of large com m unities seems a l ittle  labourous.

C hapter 2 describes th ree , so-called resource  apportion ing  m odels, th e  niche p reem p tio n , 
th e  b ro k en  stick  and  th e  overlapp ing  niche m odels. In  the  fo rm er tw o  th e re  is supposed  to  be 
a  lim itin g  resource, sh a red  am ong th e  species coexisting in th e  sam e area . In  th e  th ird  one, 
no such  lim iting  resource  is assum ed. T he th re e  m odels give spec ies-abundance  d is tr ib u tio n s  
w hich  can  be com pared  w ith  th e  observed ones. T heir testing  is desc rib ed  in  C hap ter 4.

In  C hapter 3, som e p ro b ab ility  d is tr ib u tio n s  are ou tlined , e.g. th e  tru n c a te d  n eg ativ e  
b inom ia l, the  logseries an d  th e  lognorm al d is trib u tio n s.

I n  C hapter 5, th e  p rob lem  of th e  d iv e rs ity  and  s ta tio n a ry  sp a tia l  p a tte rn  is discussed, as 
well as tw o tests (based  on th e  / 2 d is trib u tio n ) to ju d g e  w hether a species can  occur in a co m m u n ity  
as sep a ra te  ind iv iduals ra th e r  th a n  as p a tch es , random ly  m ingled. I t  is show n th a t  th e  m osaic 
c h a ra c te r  of th e  co m m u n ity  affects th e  species-indiv iduals d iv e rs ity , therefore  th e  sp a tia l 
d iv e rs ity  of th e  co m m u n ity  in v es tig a ted  m u s t be tak e n  in to  acco u n t, ca lcu la ting  th e  rea l spe­
c ies-indiv iduals d iv ers ity  o f th e  co m m unity . T his is done by  use o f co n d itional p robab ilities .

C hap ter 6 deals w ith  th e  problem  of com m unities, whose p a t te rn  shows an u n id irec tio n al 
v a r ia tio n , i.e. w ith  th e  zoned  com m unities. F irs t  th e  com petition  m odel is described, for tw o 
species coexisting along a g rad ien t (in S u b c h a p te r  6.2.). S u b seq u en tly  th e  a u th o r  deals w ith  
th e  so-called “ b e ta  d iv e rs ity ” , or “ species tu rn o v e r”  along a g ra d ie n t. T he m easure of b e ta  
d iv e rs ity  (the te rm  used  b y  W h it t a k e r ) is based  on the  s im ila rity  o f tw o q u a d ra tes  on  th e  
g rad ien t. T he lesser th e  s im ila rity  be tw een  tw o  q u ad ra tes  g e ttin g  m ore  an d  m ore d is ta n t from  
each o th e r is, th e  g rea te r th e  value of ß  (0 <[ ß  <Ç 1). The g rea te r th e  change in species com ­
positio n  is, the  h igher ß  becom es. H ere we m u st p o in t ou t th a t  th e  u n c ritica l use o f th e  te rm  
“ d iv e rs ity ”  can lead  to  m isu n d ers tan d in g s, since th e  w ord “ d iv e rs ity ”  in th e  te rm  “ b e ta  d i­
v e rs ity ”  does no t m ean  th e  sam e as th e  co n cep t used  on o th er pages of th e  volum e. T he te rm  
“ species tu rn o v er”  in s tea d  of “ b e ta  d iv e rs ity ”  is m uch  b e tte r.

In  6.4. we f in d  a m eth o d  for com paring  zone p a tte rn s  in  d iffe ren t com m unities b a sed  
on th e  coefficient o f concordance.

S u b chap ter 6.5. deals w ith  th e  p rob lem  of th e  “ continuum  co n cep t”  and  th e  “ in te g ra te d  
co m m u n ity  concept” , i.e. w ith  the  p rob lem  w h e th er species depend  on ly  on  th e  ab io tic  fac to rs  
o f th e  env ironm en t, or on  th e  presence of th e  o th e r  species occurring  in  th e  sam e a rea  as well. 
In  th e  form er case, th e  boundaries of th e  zone occupied by  a single species will be lo ca ted  r a n ­
dom ly  and  in d ep en d en tly  along th e  g rad ien t, in th e  la tte r  case th e y  w ill form  batches. A th ird  
case too  is also possible, w hen  th e  species are so ad ap ted  to th e  en v iro n m en ta l conditions 
(b io tic  o r abiotic) th a t  th e  zone boundaries te n d  to  be spaced even ly  along th e  g rad ien t. T here  
is also a m ethod  given to  te s t  th e  th ree  h y p o th esis  for a given em p irica l situ a tio n .

In  th e  la s t tw o C hap ters (7 and  8) th e  a u th o r  deals w ith  th e  fac to rs  (in th e  w idest sense 
o f th e  w ord) w hich re su lt  in  th e  given species-abundance re la tions, i.e. d iv ersity . In  Ch. 7, she
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to u ch es upon (as a rev iew ) th e  prob lem s of n iche, species pack ing , an d  coexistence of com pe­
ti to r s ,  w ith  a g rea t nun; h e r o f references. In  7.4. an d  7.5. th e  p o p u la tio n  in te rac tio n s  in a p a tc h y  
h a b ita t  are discussed, o u tlin in g  tw o m odels, th e  m odel proposed by  Sk ella m  and th a t  by  
H o rn  & MacAr t h u r .

C hapter 8 co n ta in s a  process to  calcu la te  niche w id th  and ov erlap , based  on an  m X n  
con tingency  tab le  (m  species an d  n  locations). In  th e  sam e chap ter, th e re  a re  briefly  discussed 
th e  s ta b ility -p re d ic tab ility -p ro d u c tiv ity  h y p o th es is  re la te d  to  d iv ers ity , th e  d iversity  on sm all 
is lands , and the  te m p o ra l changes in  d iv e rs ity  th ro u g h  geological tim e.

There is a g re a t n u m b e r of d iv ers ity  a n d  evenness indices an d  fu n c tio n s used or p ro ­
p o sed  in the  l ite ra tu re , a n d  m o st of th em  is defin ed  m erely  by  th e  fu n c tio n  used to  calcu la te  
th em . Therefore i t  w ou ld  h a v e  been  ra th e r  im p o r ta n t  to  deal w ith  th e  concep t of d iv ers ity  
itse lf. This concept does e x is t (see: J u há sz-N a g y , P . 1973, Bot. K öziem ., 60: 35 —41). In  th e  
vo lu m e, the  concept o f d iv e rs ity  is used  only in a n a rrow  sense, for m o st o f cases as species- 
in d iv id u a ls  d iversity . T he lack  of c la rifica tion  of th e  concept can be m islead ing  (as m entioned  
ab o v e , in connection of th e  te rm  “ b e ta  d iv e rs ity ” ), for exam ple  in su b c h a p te rs  8.4. and 8.5., 
w here  the  term  “ d iv e rs ity ”  is u sed  in  th e  sense of species num ber. T he species-indiv iduals d i­
v e rs ity  is only a special case o f  d iv ersity , th e  co ncep t itse lf is m ore u n iv ersa l. I t  is a basic p h e ­
nom enon  of all system s w here  a p a r ti t io n  can  be m ade , an d  i t  reflects on th e  spectra l s tru c tu re  
o f th e  given collection. T h a t  is, i t  is va lid  n o t on ly  fo r synbiological sy s tem s. (See: D év a i, I . — 
H orvá th , К. —J u h á sz-N a g y , P . 1971, A nn. U n iv . Sei. B u d ap est. Sect. B iol., 13: 19 — 32.; 
J u h á sz-N agy , P . 1973, B o t. K öziem ., 60: 35 — 41.).

Considering th e  a im  of th e  a u th o r  as s ta te d  in th e  preface “ . . . a sh o r t  s ta te -o f-th e -a rt 
boo k  . . .” , it w ould h a v e  b een  w o rth  while o u tlin in g  also o th er d iv e rs ity  functions, e.g. th e  
“ m u ta b ility  index”  p ro p o sed  b y  Gin i  (see L e t i , G. 1965, M etrón, 24: 332 — 378), the  index  
su b m itte d  by  McI n to sh  (M cI n to sh , R . P . 1967, E cology, 48: 392 — 404), th e  “ N um ber o f 
M oves” and “ SD ” su g g ested  b y  F a ger  (F a g e r , E . W . 1972, A m er. N a t.,  106: 293 — 310), th e  
H iL L-ratios (H il l , M. O. 1973, Ecology, 54: 427 — 432), e tc . These p a p ers , an d  o th er com pre­
h ensive  reviews (e.g. Ca n c e la  D a F o nseca , J .  P . 1966, Bull. Mus. H is t. N a t. Paris, 38: 961 — 
968; 1969, Rev. Écol. B iol. Sol., 6: 1 — 30 an d  533 — 555; Р е е т , R. K. 1974, A nnual Rev. Ecol. 
S y s t., 5: 285 — 307: N ő s e k , J .  N. 1977, A cta  B o t. A cad. Sei. H ung ., in p ress), are no t included 
in th e  b ib liography  e ith e r. I t  should  be n o ted  th a t  th e  la s t one w as pu b lish ed  too la te  to  be 
in c lu d ed  in the  reference lis t.

The volum e is w ell illu s tra te d , b o th  b y  exam ples an d  illu stra tio n s. I t  is a useful s ta rtin g  
p o in t  to  gather in fo rm a tio n  in  th e  field  an d  w hoever in ten d s to delve deeper in to  one of th e  
p ro b lem s can find  in s tru c tio n s  in th e  b ib liography .

J . N. N ő sek
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РЕЗЮМЕ

ИССЛЕДОВАНИЕ ФИТОПЛАНКТОНА НА ОЗЕРЕ ВЕЛЕНЦЕИ 
(ЧИСЛО ВОДОРОСЛЕЙ И БИОМАССА)

Ж . Б А Р Т А

На основании исследования количества особей и биомассы в 13-ти точках озера 
Веленцеи в 1973— 1974 году, было выделено при площади, отличающихся друг от друга по 
альгологии, а также внутри этой площади можно было выделить переходной, или с какой- 
либо точки зрения индивидуальный тип воды. Сгущенность планктонных водорослей в 
сборных пунктах северо-восточного озера очень высокая, это место планктонной эвтрофиза- 
ции. На площади юго-западного озера сгущенность особей низкая и в результате бенто- 
нической эвтрофизации питательные вещества не образуются в фитопланктоне. В середине 
озера трофичность воды небольшая, число особей в фитопланктоне находится между дву­
мя выше названными территориями, а на дне нет водяных растений. Различия между вели­
чинами, полученных при измерении оводоросления вместе с биомассой не такие крайние, 
как при измерении числа особей. На оценку биомассы влияют виды большие по размеру 
(Peridiniopsis borgei Lemm. Bolryococcus braunii Kiitz, а виды, которые по своему обьему 
меньше ЮО3, только тогда влияют на изменение величины, если сгущенность особей более 
миллиона. Автор показала, что на территории озера, различающейся по наличию водорос­
лей состав видов фитопланктона тоже различный.

ЭКОФИЗИОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ ГАЛОФИТОВ В СУХОЙ И
ПОЛУСУХОЙ ЗОНЕ

I. АВТОЭКОЛОГИЯ ГАЛОФИТА LIMOMASTRUM MONOPETALUM (L) BOISS
ВЫДЕЛЯЮЩЕГО СОЛЬ

К . X . Б А Т А Н О У Н И  и М . А Б О  С И Т Т А

В статье описывается первая часть из серии исследования галофитов, произраста­
ющих в сухих и полусухих зонах. В этой части дается описание египетских галофитов. 
Lim oniastrum  m onopeialum , выделяющий соль галофит, произрастает в западной медитер- 
ранной зоне Египта, со слабым суб-пустынным климатом. Однако растительные сообще­
ства преобладают в мало-засоленных условиях на песчанных почвах. Для характерно, что 
они имеют потенциальную способность формировать насыпи. Формирование этих насыпей 
имеет много экологических последствий посредством эффекта связи между водой, растения­
ми и почвой. Формирование этих насыпей имеет много экологических последствий пос­
редством эфекта связи между водой, растениями и почвой. Формирование этих насипей 
идет параллельно с ростом растений и достигает значительного размера высотой 50 см и 
выше. При формировании насыпей развивается два типа корней: пучки коротких, нежных 
корней и длинных волокнистых корней. Оба способствуют значительному впитыванию 
воды растениями. Растения имеют два различных типа желез, различающихся своим рас­
пределением по телу растения, структуре и функции. Это соляные железы и слизистые 
железы. Железы, выделяющие соль находятся на листьях и молодых корнях. Каждая 
заключает в себе 16 клеток, 12 из них выделительные, а 4 дополнительные. Слизистые 
железы находятся на оболочке листа, на поверхности эпидермиса, каждая состоит из 
различного числа клеток и заключает в себе большое число не выделительных, дополни­
тельных клеток.



НОВЫЙ РОД АНТИЛЬСКИХ ОСТРОВОВ TETRAZYGIOPSIS, А ТАКЖЕ РОД НА 
КУБЕ TETRAZYGIA L. С. RICH. (MELASTOMATACEAE).

А. Б О Р Х И Д И

В данной работе дается таксономическая ревизия кубинского рода T e tra zyg ia h . С. 
Rich. Впервые описаны 3 вида, 2 варианта и 2 комбинации этого рода. Кроме этого пред­
лагается новый аналитический ключ. При помощи этой ревизии можно распознать но­
вый род, растущий на Атиллак, и отличающейся от рода Tetrazygia  по стуркутре ча­
шечки. Этот род получил название Tetrazygiopsis и содержит 2 секции и 8 видов.

СТРОЕНИЕ ЦЕЛЛЮЛОЗНОЙ ОБОЛОЧКИ В НЕСКОЛЬКИХ ТИПАХ КЛЕТОК 
ГАМЕТОФИТА MARCHANTIA POLYMORPH A L. I. КЛЕТКИ НИЖНЕЙ СТОРОНЫ 

ЭПИДЕРМИСА, ГЛАДКИЕ РИЗОИДЫ, РИЗОИДЫ С УТОЛЩЕННЫМИ 
ШИПОВИДНЫМИ КЛЕТКАМИ

Я . Д Е М Е Т Е Р -С И Л А Д Ь И , И . В О Й Н А Р О В И Ч -Х Р А П К А

В данной статье дается отчет о строении целлюлозной оболочки клеток нижней части 
эпидермиса гаметофита с гладкими и шиповидными ризоидами при помощи светового, 
поляризационного и электронного микроскопа сканнинг. Эти три типа клеток различны 
не только по своей форме и размеру, но и по суб- и светомикроскопическому строению. 
Это подтверждает тот взгляд, что различная функция клеток проявляется и в особенности 
строения оболочки клеток. Исследования показали, что в случае нижней части клеток 
эпидермиса и в случае гладких ризоидов различия в строении наблюдается в тех же самых 
типах клеток между различными оболочками клеток и в зависимости от того с какой сторо­
ны они находятся. Это подтверждает ранее известные данные о том, что одинаковые типы 
дифференцировались внутри клетки а также в связи с функцией оболочек клеток.

Данные о клетках нижней стороны эпидермиса а также данные о дифференциации и 
росте основной части оболочки клеток шиповидных ризоидов показывают, что для развитой 
оболочки клетки характерно то, что утолщенные формы появляются задолго до полного 
развития клетки. Косвенные исследования клеток нижней стороны эпидермика в антикли- 
нарных оболочках клеток гладких и шиповидных ризоидов указывали на перпендикуляр­
ную ориентацию микрофибрилл горизонтальной плоскости колоний. Этот факт демон­
стрирует перпендикулярную микрофибрильность в сравнении длины роста клеток и коло­
ний. В отростковой части обоих типов ризоидов микрофибриллы располагаются параллель­
но продольной оси отростков так, что с ростом этой части клетки имеется возможность 
судить о микрофибрильности. Были показаны ориентации микрофибрилл в гладких и 
щитовидных отростках ризоидов волнистого профиля (следующими по движению винта), а 
также в основании гладких ризоидов (круговое) и в щитовидных утолщениях стенки клетки 
(лучистое). Электронно-микроскопические исследования гладких ризоидов в ранней стадии 
подтвердили результаты косвенных опытов.

СВЯЗЬ ПРОДУКЦИИ НАДЗЕМНОЙ ФИТОБИОМАССЫ С СОДЕРЖАНИЕМ 
ХЛОРОФИЛЛА У РАСТЕНИЙ, ПРОИЗРАСТАЮЩИХ НА ЛЁССОВОПУСТЫННЫХ 

ПОЧВАХ В КОНДИЦИОНАЛЬНЫХ И ГРУНТОВЫХ УСЛОВИЯХ

Л .  Э Н Д Р Е Д И , И . Х О Р В А Т

Авторы исследовали взаимоотношение надземной продукции фитобиомассы с со­
держанием хлорофилла в кондициональных (в световой камере) и грунтовых условиях 
у видов, находящихся в четырех фондах ассоциации.

Авторы показали тесную позитивную, линеарную, регрессивную связь между 
продукцией фитобиомассы и содержанием хлорофилла, рассчитанного на продукции сухого 
веса. При сравнении результатов, полученных в кондициональных и грунтовых условиях 
авторы не получили существенных различий.



ИНДЕКСЫ РАЗНООБРАЗИЯ ВИДОВ ВОДОРОСЛЕЙ В ДВУХ ЕВТРОФНЫХ
РЫБНЫХ ОЗЕРАХ I

Л .  Х А Й Д У

Видовая разновидность по S h a n n o n  в  меньшей степени приближается к возможно­
му максимуму (log2 Ь) в более эвтрофном озере, чем в менее эвтрофном и ее 
абсолютная величина тоже меньше. В большей части года число видов (г2 =  +0,5271) 
определяет разнообразность, что показывает тесную корреляцию с продолжительностью 
дневного света (г =  +0,7260 р <  0,13%) и слабую с инсоляцией (г =  +0,1999).

В небольшой части года в образовании разнообразия главную роль играет равно­
мерность. В это время наблюдается максимальное количество водорослей и вместе с этим 
увеличенная аглимитация питательных веществ. Можно предположить, что в это время 
селективное подавление размножившихся синих водорослей влияет и на понижение равно­
мерности. Среднее число видов выше, средняя равномерность ниже в эвтрофном озере и обе 
тенденции увеличиваются во время увеличения числа водорослей (выше 100 миллионов на 
литр). Индэкс M a b g a l e f  находится в корреляции с индэксом S h a n n o n . Параметры, рас­
считанные с большей точностью не дали значительно лучших результатов, потому что 
данные по водорослям рассчитывались старыми методами и они дали неточные статисти­
ческие результаты. Авторы изображают полученные данные в колонной диаграмме.

ИЗУЧЕНИЕ ТИПА АССИМИЛЯЦИИ У ВИДОВ ПЕСЧАННО-СТЕПНОГО ДЁРНА

А. Х О Р А Н С К И , А. X . Н А Д Ь

В работе приводятся данные по изучению типа ассимиляции 30 видов, произраста­
ющих на песчанно-степном дёрне ОКОЛО “ Kis Тесе” Вацратота (Festucetum  vaginatae, F eslu- 
cetum wagneri). Из всех исследованных видов, растущих в местах с полупустынным жарким, 
сухим микроклиматом, четыре были типа С4, семь С3 и семь С3_4, вернее переходного типа. 
Двенадцати видам невозможно было дать оценку из-за кислотной реакции.

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКИЕ ИЗУЧЕНИЯ ИСКОПАЕМОЙ ПЫЛЬЦЫ 
ANGIOSPERMATOPHYTA ПАЛЕОЦЕН! ЮЙ И СРЕДНЕЭОЦЕННОЙ ЭРЫ

М . К Е Д В Е Ш

Пыльца Angiosperm atophyta  палеоценной и эоценной эры была исследована 
при помощи электронного микроскопа СЭМ. Эти исследования привели к новым результа­
там, которые не были получены при помощи светового микроскопа. Настоящая работа 
также подтверждает значение СЭМ при исследовании ископаемой пыльцы.

ДЕКОМПОЗИЦИЯ ЛЕСНОЙ ПОДСТИЛКИ, ОСВОБОЖДЕНИЕ БИОГЕННЫХ 
ЭЛЕМЕНТОВ В ЛАБОРАТОРНЫХ УСЛОВИЯХ

М . К О В А Ч

В данной статье автор исследует декомпозицию лесной подстилки более часто 
распространенных видов деревьев и кустарников, входящих в состав дубового леса 
(Quercus cerris) и освобождение биогенных элементов в лабораторных условиях. 
Более 50% количества биогенных элементов освобождается за три -  четыре месяца из 
лесной подстилки. Самый быстрый и в самом большом количестве выделяется калий. 
Зеленые листья разлагаются быстрее, чем осенние сухие листья (лесная подстилка).



НОВЫЙ ВИД РОАСЕАЕ (GRAMINEAE) PH LEHM HUBBARDII KOVÁTS

Д . К О В А Ч

Описана новая серия (Series Pratenses) И НОВЫЙ диплоидный вид P hleum  hubbardii 
K o v á ts  2п =  14.

Известны холотипы L i n n é  Phleum  nodosum  —- D e  Ca n d o l l e  P hleum  bertolonii. Ранее 
какой-то из этих двух видов отождествляли с диплоидом Phleum  pratense  L. Размеры двух 
холотипов были сравнены с размерами Ph. hubbardii Kováts (2п  =14) и гексаплоидным 
Ph. pratense  L. Автор определил, что выше названные два холтипа не диплоиды, а слабые 
еще не вытянувшиеся растения, тожедственные гексаплоиду Ph. pratense  L. При сравнении 
некоторых свойств и размеров органов диплоидного Ph. hubbardii Kov было определено, 
что между двумя этими видами разница не только квантитативная (между диплоидными 
и гексаплоидными органами разница меньшая), а также квалитативная (из 10 исследо­
ванных свойств в 9-ти имеется разница).

ИЗУЧЕНИЕ ФИТОПЛАНКТОНА ЗАЛЫ

Ё . Н Е М Е Т , Э . В И З К Е Л Е Т И

Авторы изучали фитопланктон Залы в 1972— 1976 годах с качественной и количест­
венной точки зрения. В результате подробной таксономической обработки фитопланктона 
авторы определили 191 таксон (C yanophyta  II, Euglenophyta  8, X anthophyceae  1, Chry- 
sophyceae 2, Bacillariophyceae 125, Cryptophyceae  1, Volvocales 3, Chlorococcales 37, D esm i- 
diales 3, Авторы изучили определенное число таксонов, которое относилось к целому ис­
следованному времени года и которое росло по направлению устья реки. На всех участках 
самым большим было количество таксонов диатомовых водорослей. Число таксонов 
Chlorococcales увеличивалось по продольной оси реки на уровне отношения Chlorococcales : 
Bacillariophyceae. В процессе количественных исследований фитопланктона авторы оп­
ределили его процентный состав и распространение, а также общее число водорослей и 
количество хлорофилла «а» в единичном объеме воды. Для фитопланктона характерна 
Chrysophyta, а внутри этого вида в первую очередь доминантность диатомовых водрослей 
уменьшается по направлению устья Залы. Оценка параметров распределения и степени 
грофизма одинаково росла по направлению устья и достигала максимальной оценки 
обыкновенно в районе устья.

Эти изменения можно связать с загруженностью участка реки под Залаэгерсэг 
растительным питательным материалом, а также с уменьшением скорости реки.

ИССЛЕДОВАНИЕ АФРИКАНСКИХ CALYMPERACEAE 

Ш . О Р Б А Н

Автор работает над ревизией африканских видов Syrrhopodon  и Calymperes. В этой 
статье он описывает вид Syrrhopodon tanzaniae  (секция Cavifolii). Автор дополняет опре­
деление Syrrhopodon stu h lm a n n ii, главным образом на основе материала, который был 
собран Поч Тамашем в Танганьике. Автор обращает внимание на структуру края листа, 
который отличается от других видов этого рода, и который имеет эволюционное значение. 
На основании этого автор открывает новую секцию (секция Tricostaiae)

ВЛИЯНИЕ ВЫРУБКИ ЛЕСА НА ПРОДУКЦИЮ УРОВНЯ МЯГКОСТЕБЕЛЬНЫХ
ДУБОВОГО ЛЕСА

М. ПАПП

Автор занимается в статье исследованием биологической продукции леса Quercetum 
petraeae-cerris, находящейся иа территории «Sikfôküt Project» ( J a k u c s , 1973), на которой 
лесники в сентябре 1973 года вырубили лес с последующей целью сплошной вырубки. В 
результате разросшейся кроны деревьев и удаления уровня кустарников окружающие



условия сильно изменились, в особенности количество солнечных лучей, которые дохо­
дил до уровня мягкостебельных.

В работе характеризуются количество особей мягкостебельных видов и изменение 
покрова, а также изменение количества фитомассы и продукции двух доминантных видов. 
Эти данные сравниваются с данными нетронутого леса.

Автор определил, что число особей приходящихся на 1 гектар и покров увеличились 
в 6,0 - 6,5 раз по сравнению к нетронутому лесу. А количество фитомассы и продукции 
увеличилось в 10-30  раз.

ПРИМЕНЕНИЕ АНАЛИЗА NICHE ДЛЯ НЕКОТОРЫХ ВИДОВ 
ПЕСЧАННОСТЕПНЫХ АССОЦИАЦИЙ И. СЕЗОННАЯ ДИНАМИКА

И . П Р Е Ч Е Н Ь И , Г . Ф Э К Э Т Э , Э. М Э Л К О , Э. М О Л Ь Н А Р

Авторы в первом сообщении обобщили данные исследований проведенных летом 
1976 года, сравнивая полученные оценки на основе различных измерений niche. В данной 
статье описываются результаты осенних измерений, а также сравниваются летние и осен­
ние результаты. Осенние измерения тоже происходят на оси 2 niche (содержание влажности 
почвы, максимальная глубина корневой массы, связанная с использованием площади) и от­
носятся к девяти видам.

На оси влажности почвы и летом и осенью ширина-niche Festuca vaginata, сос­
тавляющей сообщество, самая большая. Летне-осенняя ширина-флуктуация niche на 
оси глубины корней более сильная, чем на другой. Осенью в случае хорошего снабжения 
почвы водой, средняя оц< нка overlap поднимается, но это не означает растушую компети- 
цию.

В двух измерениях площади (комбинации категории двух факторов) каждый индэкс 
overlap показывает низшую оценку, чем некоторые факторы, расположенные по отдель­
ности по осям. По матрицу community, community effect, принимая во внимание вид, 
составляющий сообщество (Festuca) самый сильный. Самый большой эффект вида при­
шельца Cynodon daciylon. У большинства видов двойное влияние подвергается сильной 
сезонной флуктуации. В двух измерениях площади niche самого большого размера дос­
тигает экологическая изоляция F u m a n a  procumbens: она не влияет на сообщество и 
сообщество на нее.

СРАВНИТЕЛЬНЫЙ АНАЛИЗ НОРМАЛЬНОГО И СПОНТАННОГО МУТАНТА 
ALBINA ТАБАКА NICOTIANA SYLVESTRIS SPEG. LT COMES

Л . С И Л А Д Ь И , А. X . Н А Д Ь

В статье дается сравнительная цитологическая и биохимическая характеристика 
нормального и спонтанного мутанта дикого вида табака N . sylvestris Speg. et Comes.

Мутант albina спонтанно возник в 1974 году в гаплоидной культуре N . sylvestris 
и с тех пор сохраняется со стабильным фенотипом. Авторы определили, что albina мутант 
сохраняет свой гаплоидный уровень (п =  12), тогда как зеленые растения в значительной 
степени диплоидизировались.

Мутант с хлорофильным дефектом и в нем отсутствует фиксация СО.,. Значительные 
различия между мутантом и зеленым растением наблюдаются при сравнении полученных 
спектров дегидрогеназы яблочной кислоты, пероксидазы и эстеразы.

ЧИСЛОВАЯ ОЦЕНКА ФЕНОТИПИЧЕСКОГО РОДСТВА ВЕНГЕРСКИХ ВИДОВ
GENTIANA

Ю . С У Й К О -Л А Ц А , С. С Е Н

Авторы дали числовую оценку похожих и различающихся между собой различных 
морфологических признаков у видов Gentianella ciliata  (1), Gentiana pneum onanthe  (2), G. 
cruciata (3), G. asdep iadea  (4), которые по мнению Р. Шоо (1966) ОТНОСЯТСЯ К роду Gentiana. 
В этой статье даются результаты обработки гербария, находящегося в ботаническом



музее. Авторы выбрали 43 различных морфологических признака из различных органов 
растений и сравнивали их в форме политомичного ключа. Восемь из них были обработаны 
при помощи вариантного анализа, для квантитативной характеристики морфологического 
характера. Из 43 характеристик 10 у каждого из четырех видов были одинаковые, а семь 
были похожи у 2,3,4 вида.

Большая степень схожести у видов G. pneum unanlhe, С. cruciata  u  G. asclepiadea 
может быть выражена в процентах, тогда как между 43 характеристиками G. ciliata 23 
отличались от других трех видов.

На основании данных видно, что 13 и 14 признаки вместе, 26 и 42 по отдельности- 
это такие признаки, по которым четыре вида отличаются друг от друга.

Между 5 вегетативными и репродуктивными органами квантитативно были показа­
ны сигнификантные различия. У большинства видов различия наблюдались в 29 и 36 
признаке.

На основе квалитативных и квантитативных результатов авторы соглашаются с 
определением F k o l i c h  (1796), G r i s e b a c h  (1839), K u s n e c o v  (1896), T u t i n , H e y w o o d  (1973)_ 
что G. ciliata  ОТНОСИТСЯ К  роду Gentianella.

к а р п о л о г и ч е с к и е  и з у ч е н и я  д и к о р а с т у щ и х  в и д о в  в и н о г р а д а
В ВЕНГРИИ

КАЧЕСТВЕННАЯ и  к о л и ч е с т в е н н а я  х а р а к т е р и с т и к а  с е м я н
в и н о г р а д а

А. Т Э Р П О

Во второй части статьи автор дает отчет о морфологических исследованиях семян 
винограда. В первую очередь на основании формы и скультуры семян V. sylvestris автор 
подразделяет свойства на классы. Семена V. sylvestris характеризуются на основе 1 и 2-х 
семянных ягод. Семена V. sy lvestris  большей частью округлые, клювик семени короткий 
и конический, плечи семени широкие, клинчатые, дорзальная сторона острого рисунка, 
халазный щиток широко-овальный, формы капли или круглый.

Борозды вентральной стороны в большей части слабо вилообразные (формы V) или 
расположенные параллельно. Вес семян венгерских типов V. sylvestris 2,19-3,34 гр. а 
вес семян V. vinifera  (cv. K ö v id in k a , cv. K a d a rk a , cv. K ékfrankos и. тд) 1,79—2,87 гр. 
Количество семян в каждой ягоде у растений V. sylvestris с среднем с 17 образцов 
— 1,70, а у  V. vinifera  больше 2,09. По исследованию регрессии объема ягод в образце 
V. r ip a ria  между ростом количества семян в каждой ягоде и объемом ягоды только с 
двухсемянными ягодами есть корреляция. У V. sylvestris в больших ягодах обыкно­
венно образуется больше семян.

АНАТОМИЯ ДРЕВЕСИНЫ CERATOPYXIS HOOKER F. EX HOOKER (RUBIACEAE) 
(МОНОТИПИЧНЫЙ ГЕНУС, РАСТУЩИЙ НА ЗАПАДНОЙ ТЕРРИТОРИИ КУБЫ)

М . А . В А Л Е С , К . Б А Б О Ш

Работа дает описание анатомии вторичной ксилемы породы C eratopyxis verbenacea 
растущей на западной территории Кубы. Наша статья содержит данные о сосудах, волок­
нах, сердцевинных лучах и продольных паренхимах, а также некоторые морфологические 
и экологические характеристики.

Работу проводили при помощи статистических методов и сравнением данных опре­
деляли изменения в сосудах и длинах волокна.

НОМЕНКЛАТУРА OP1IRYS FUCIFLORA
X . У . У И Р Т

Автор делает обзор истории исследования Ophrys fu c iflo ra  aue. гес и пытается 
уточнить номенклатуру этого вида. На основе номенклатурных разъяснений автор 
считает, что Ophrys fu c iflo ra  (F. W . S c h m i d t ) M oench—правильное название.



T h e  A cta  Botanica  p u b l is h  p a p e rs  o n  b o ta n ic a l  su b je c ts  in  E n g lis h ,  F r e n c h ,  G e rm a n  an d  
R u s s ia n ,

T h e  A cta  B otanica  a p p e a r  in  p a r t s  o f  v a r y in g  size, m a k in g  u p  v o lu m e s .

M a n u sc r ip ts  sh o u ld  b e  a d d re sse d  to :

A c ta  B otanica, B u d a p est 502, P o sta fió k  24.

C o rre sp o n d en c e  w i th  th e  e d ito rs  a n d  p u b l is h e r s  sh o u ld  b e  s e n t  to  t h e  sa m e  a d d re ss . 
T h e  r a te  o f  s u b s c r ip t io n  is $ 32 .00  a  v o lu m e .
O rd e rs  m a y  be  p la c e d  w ith  “ K u ltú ra ”  F o re ig n  T ra d e  C o m p a n y  (1389  B u d a p e s t  62 , 

P .  O. B . 149 . A c co u n t N o . 218-10990) o r  w i th  r e p re s e n ta t iv e s  a b ro a d .

L e s  A cta  B otanica  p a r a is s e n t  en  f r a n ç a is ,  a lle m a n d , a n g la is  e t  r u s s e  e t  p u b l ie n t  d e s  
t r a v a u x  d u  d o m ain e  d e s  sc ien c es  b o ta n iq u e s .

L e s  A cta  B otanica  s o n t  p u b lié s  s o u s  fo rm e  d e  fa sc ic u le s  q u i  s e r o n t  r é u n is  e n  
v o lu m e s .

O n  e s t  p rié  d ’e n v o y e r  les m a n u s c r i t s  d e s t in é s  à  la  r é d a c t io n  à  l ’a d re s s e  s u iv a n te :  

A c ta  Botanica, B u d a p es t 502, P osta fiók 24.

T o u te  c o rre sp o n d a n c e  d o i t  ê tre  e n v o y é e  à  c e t te  m êm e  a d re sse .
L e  p r ix  de  l ’a b o n n e m e n t  e s t de  $  3 2 .0 0  p a r  v o lu m e .
O n  p e u t  s’a b o n n e r  à  l ’E n tre p r is e  d u  C o m m e rc e  E x té r ie u r  « K u ltú ra » (1389 B u d a ­

p e s t  6 2 , P .  O . B . 149. C o m p te -c o u ra n t  N o . 218-10990) o u  à  l ’é t r a n g e r  c h e z  to u s  les r e p ré .  
s e n ta n t s  o u  d é p o s ita ire s .

«A cta  Botanicat) публикуют трактаты из „области ботаники на русском, английском, 
французском и немецком языках.

«Acta Botanica» выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:

A cta  Botanica, B u d a p es t 502, P ostafiók 24.

По этому же адресу направлять всякую корреспонденцию для редакции и адми­
нистрации. Подписная цена — $ 32.00 за том.

Заказы принимает предприятие по внешней торговле «K u ltú r a » (1389  B u d a p e s t  
62, P. О. В . 149. Текущий счет № 218-10990), или его заграничные представительства 
и уполномоченные.
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ACTA BOTANICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

B O T A N I K A I  K Ö Z L E M É N Y E I

SZERKESZTŐSÉG ÉS KIADÓHIVATAL: 1054 BUDAPEST, ALKOTMÁNY UTCA 21.

A z Acta Botanica  n é m e t ,  a n g o l f r a n c ia  é s  o ro sz  n y e lv e n  k ö z ö l é r te k e z é se k e t  a  b o t a ­
n ik a  tá rg y k ö ré b ő l.

A z  Acta Botanica  v á l t o z ó  te r je d e lm ű  f ü z e te k b e n  je le n ik  m e g , t ö b b  fü z e t  a lk o t  é v e n ­
k é n t  e g y  k ö te te t.

A  közlésre  s z á n t  k é z i r a t o k  a  k ö v e tk e z ő  c ím re  k ü ld e n d ő k :

A c ta  B otanica, B udapest 502 , Postafiók 24.

U g y a n e rre  a  c ím re  k ü ld e n d ő  m in d e n  s z e rk e s z tő s é g i  és k i a d ó h iv a ta l i  levelezés.
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NOTAS SOBRE ACANTÁCEAS CUBANAS 
I. OPLONIA Y ELYTRARIA

P o r

A. B o r h id i
IN STITU TO  DE BOTÁNICA, ACADEMIA D E CIEN CIA S D E H U N G R ÍA , VÁCRÁTÓT, H U N G RÍA

by

O . M u ñ i z

IN STITU TO  D E  BOTÁNICA, ACADEMIA D E CIENCIAS D E  CUBA, LA HABANA 

(L legado: 25 de ju lio , 1977.)

The f irs t p a r t  of the  p resen t s tu d y  co n ta in s a discussion on som e taxonóm ica! 
p rob lem s of th e  genus Oplonia R af. a n d  a n  am plified  new  an a ly tica l key  to  th e  com plete 
genus, fu r th e r  c o n trib u te s  th e  d escrip tions o f 4 species an d  1 subspecies new  to  science 
(0 . m oana  sp. n ., 0 . cubensis sp. n., 0 . m ultigem m a  sp. n ., 0 . Acunae  sp. n ., a n d  0 . spinosa  
ssp. insu laris  ssp. n .) and  a m ore co m p le te  red esc rip tio n  of some c ritica l species: 0. 
nannophylla  U rb ., 0 . tetrasticha (W r. ex  G riseb.) S te a rn , 0 . polyece (S tearn ) B orhidi. 
T h e  second p a r t  co n ta in s a new  an a ly tic  k ey  to  th e  C uban  species o f th e  genus E lytraria  
M iehx., w ith  d escrip tions of 2 species a n d  1 subspecies new  to  science (E . spathulifolia  
sp . n ., E . f il ic a u lis  sp. n. and E . p la n ifo lia  ssp. A cunae  ssp. n.) and  fina lly  describes 
a new  Stenandrium  species (S. heterotrichum  sp. n.).

1. El género O plonia R af.

Sobre este género un  estudio  m u y  n o tab le  fue pub licado  por W . T . St e a r n  
(1971). E ste  au to r  encon tró , que el género  an tillan o  Anthacanthus  Nees y  el 
género m adagascano  Forsythiopsis B a k e r son idén ticos y  su m ás an tiguo  
n o m b re  genérico válido  es: Oplonia R af. S t e a r n  realizó u n a  serie de in v e s ti­
gaciones m u ltiface ticas  sobre las espécies de este género, inclu idos varios 
in te n to s  de classificarlas o b je tiv am en te  a base de 24 carac teris ticas  m orfo­
lógicas elegidas u tilizando  d istin to s m étodos estad ísticos de la tax o n ó m ia  
n u m érica . A dem ás el au to r analizó la d istrib u c ió n  geográfica de las espécies, 
d iscu tió  la  im p o rtan c ia  pa leo-fitogeográfica  de la  d isyunción  de la  d istrib u c ió n  
de este  género sacando  num erosas conclusiones in te resan tes . E n  cu an to  a la 
e labo ración  tax o n ó m ica  del género, S t e a r n  d istingue  14 espécies y  4 v a rie ­
dades, — en tre  ellos 2 espécies y  2 v a ried ad es  n uevas p a ra  la  ciencia, — adem ás 
m apificó  la  d is trib u c ió n  geográfica de cada  tax o n es estud iados.

Los au to res del estudio  p resen te  rea liza ro n  colectas ab u n d an te s  en tod as 
p a r te s  de Cuba, p a ra  ten e r m ateria les  de e s tu d ia r  suficien tes, p a ra  hacer 
observaciones d irec tas  sobre los cam bios m orfológicos en las d is tin ta s  fases 
on togén icas y  p a ra  e s tu d ia r las condiciones ecológicas, que p e rm iten  la  ex is ten ­
cia y  desarro llo  de las espécies de O plonia  en Cuba. B asándonos en estas 
observaciones e investigaciones llegam os a las conclusiones sigu ien tes:

1. Las espécies an tillanas del género O plonia  pueden  lis ta rse  en dos 
g rupos: a. espécies poco v ariadas de areas pequeñas (0 . jam aicensis, 0 . p u rp u -
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rascens, 0 . m ultigem m a ); b. espécies de poblaciones m uy  v a riad as , m ay o rm en te  
con u n a  d istribuc ión  geográfica m ás am plia , ( 0 . spinosa, 0 . tetrasticha).

2. E n  c ie rtas espécies (0 . nannophylla , 0 . sp inosa , 0 . cubensis) la v a r ia ­
b ilid a d  m orfológica de la m ism a p la n ta  puede ser m ás g rande d u ra n te  su 
desarro llo  in d iv id u a l, que la  d iferencia  específica en tre  dos espécies re lac io ­
n a d a s . Por esta  razó n  es necesario  conocer bien  la  v ariab ilid ad  in d iv id u a l de 
las d is tin tas  espécies, las p rop iedades m orfológicas de los renuevos p rim arios 
y  secundarios, re to ñ o s , etc. e inc lu irlas d e ta llad am en te  en las descripciones. 
T enem os que s u b ra y a r  la im p o rtan c ia  de las observaciones de las p la n ta s  
v iv a s  en el cam po d u ra n te  por lo m enos un  ciclo v eg e ta tivo .

3. Los in ten to s  de la clasificación num érica  de las espécies de este género 
rea lizados por W . T . S t e a r n  no a p o rta ro n  un  resu ltad o  positivo , lo que nos 
h ace  pensar que las ca rac te rís ticas  m orfológicas u tilizad as p a ra  este fin , no 
fu e ro n  bien seleccionadas. Según n u e s tra s  experiencias ob ten idas en p lan ta s  
c u b a n a s  10 — 11 de las 24 ca rac terís ticas  consideradas po r S t e a r n  tien en  valo r 
taxonóm ico  dudoso o débil, por lo m enos en este género, (por ejem plo: 
la rg o  de in ternod ios, pubescencia  de ta llo s, pedicelos y  corola, la  base red o n ­
d ead a  o el ápice em arg in ad o  de las ho jas e tc .); p o r o tra  p a r te  encon tram os 
a lg u n as carac terís ticas  m orfológicas m ás confiables y de m ayor im p o rtan c ia  
tax o n ó m ica  (por e jem p lo : te x tu ra , m argen  y  e s tru c tu ra  del ep iderm is de las 
h o ja s , presencia o ausencia  y  m orfología de los cisto litos y  g lándu las en las 
h o ja s , relación del tu b o  y  lóbulos de la corola, e tc .), que no fueron  ten id as  
en  consideración p o r S t e a r n . A dem ás, consideram os la ram ificación  efectiva 
y  p o ten c ia l (presencia  de las yem as) de las espinas, como u n a  ca rac te rís tic a  
específica  im p o rtan te  y  geográficam ente m uy  b ien  de lim itad a , la que se 
e n c u e n tra  so lam ente en la provincia  de O rien te , y  allí ca rac teriza  3 d is tin ta s  
espécies bien  defin idas.

4. O bservábam os, que las espécies cubanas tien en  areas ecológicam ente 
m u y  con tro ladas. L as espécies, que v iv en  en caliza no pueden  m ig ra r a la 
ro ca  se rp en tin a , e ig u a lm en te , las zonas de se rp en tin a  tienen  ta m b ié n  sus 
ta x o n e s  ex clusivam en te  propios. T enem os po r poco p robab le , que la m ism a 
O plonia  spinosa  (Ja c q .)  R af. cresca en las m o n tañ as  de se rp en tin a  del origen 
paleógeno  en O rien te , la  que v ive en las calizas costeras neógenas o c u a te r­
n a ria s  en las dem ás A n tilla s  y  B aham as. P ensam os, que las poblaciones ser- 
p en tin ico la s  de la  0 . sp inosa  agg. pe rten ecen  a u n a  espécie d is tin ta  y  m orfo­
ló g icam en te  d istingu ib le , la que noso tros llam am os 0 . cubensis B orh id i. 
De m a n e ra  parecida se d istinguen  en Cuba O cciden ta l las poblaciones de la 
espécie costera 0 . tetrasticha  y  la se rpen tin ico la  0 . nannophylla . (Véase: la 
fig . 2.)

Casi no hay  lo ca lid ad  o b ió topo , donde los ind iv iduos de dos espécies 
d is tin ta s  crescan ju n to s . L a  ún ica zona excepcional es la C osta Sur de la 
S ie rra  M aestra , donde se h a llan  algunas poblaciones de las espécies 0 . tetrasticha ,

Acta Botánica Academiae Scientiarum Hungaricae 23, 1977



NOTAS SOBRE ACANTÁCEAS CUBANAS I. 305

Fig. 1. E sp inas y  h o jas  en  a lgunas especies del género Oplonia (orig.). A : Oplonia spinosa  
(Ja cq .)  R af. ssp. spinosa  ( B u c h , 1851, H a iti) ; B: O. spinosa  ssp. insularis  B o rh id i ( C u r t i s s  133, 
N ew  Providence, B ah am as); C: 0 . cubensis B orhid i (holo tipo: B o r h i d i , Y a l e s  y  O v i e d o  
SV); D : Oplonia moana  B orh id i (ho lo tipo : S a m e k  26819 SV); E :  0 . tetrasticha  (W r. ex Griseb.) 
S te a rn  (Cuba: P en in su la  de G u anahacab ibes, P u n ta  H olandés, B o r h i d i  y  O v i e d o ) ;  F: O. 
tetrasticha (isotipo, W r i g h t  3067, C uba O cciden tal); G: 0 . polyece (S te a rn ) B orhid i (Cuba; 
P la y a  Pesquero N uevo, B o r h i d i ) ;  H , I, J :  O. nannophylla  (U rb .) S te a rn  (H , C uba; Lom a de 
Coca, Campo F lorido; B o r h i d i , V a l e s  y  M o n c a d a ; I :  L om a P re lu d a  de C a ja lb an a ; B o r h i d i  
y  C a p o t e ; J :  ho lo tipo , E k m a n  19534); K : O. purpurascens  (G riseb.) S te a rn  (iso tipo , W r i g h t  
3066, Cuba O ccidental); L, M: O. m ulligem m a  B orhid i (L : C uba; Ceja de M elones, B o r h i d i , 

B p; M: ho lo tipo , L ó p e z  F i g u e i r a s  1367 SY)

0 . polyece y  O. Acunae. Las especies cubanas del género O plonia  — y  ev iden te­
m en te  las de Ja m a ic a  tam b ién  son v icarian tes , que m u tu a lm e n te  se reem ­
p lazan  en sen tido  geográfico u  ecológico. (Véase fig. 3.).
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C lave analítica  p a ra  el género O plonia :
1 a P lan tas  inerm es, ho jas  de 2— 10 cm de la rgo  ...................................... 2

b  P lan tas  m a y o rm e n te  a rm ad as  por espinas ax ila res , (inerm es en la
0 . minor y  O. lin ifo lia );  ho jas  de 0.1—4 cm de largo  ..................  6

2 a H ojas acu m in ad as  a ag u d as en el ápice, lóbu los del cáliz di de igual
largo (4.5— 5 m m ), com o el tu b o  de la corola ...................................  3

b H ojas ob tusas o red o n d ead as  en el ápice, lóbu los del cáliz m ás cortos 
que el tu b o  de la  corola de 5— 10 m m  de largo  ................................ 4

3 a Flores 7— 10 en  c ad a  ax ila ; ho jas e s trech am en te  cuneadas en la base
(Peru) .....................................................  1. 0 .  g ran d iflo ra  (L indau) S team

b Flores 1— 3 en c a d a  ax ila , ho jas  redondeadas en la  base (M adagascar) . 
...........................................................................................  2. O. acu m in a ta  S team

4 a Lóbulos de la  co ro la  m ás co rto s del tu b o , estilo  g labro  (Jam aica) . . . .
........................................................................... 3. O. jam aicen sis  (L indau) S team

b Lóbulos de la  co ro la  m ás largos del tubo , estilo  pu b éru lo  ................  5
5 a Lóbulos del cáliz e s trech am en te  trian g u la res , esp a rc id am en te  pelosos

(M a d a g a sc a r) ....................................................... 4. O. vincoides (Lam .) S tearn
b Lóbulos del cáliz e s trech am en te  oblongos, d en sam en te  pubescentes 

(M a d a g a sc a r) ....................................................................  5. O. puberu la  S tearn
6 a P lan tas  inerm es .....................................................................................................  7

b  P lan tas  e s p in o s a s ................................................................................................... 8
7 a H ojas elíp ticas o e s tre c h a m en te  obovadas (M adagascar) ..........................

..................................................................................  6. O. m in o r (B enoist) S tearn
aa  H ojas y  cáliz  g labros a g labrescentes ............................................. aaa
bb  H ojas y  cáliz pubéru lo s  ................... var. v estita  (B enoist) S tearn
aaa  Hoj as de 2— 9 m m  de largo  y  1—4 m m  de ancho  . . var. m inor
bbb  H ojas de 12— 25 m m  de largo  y  4— 10 m m  de ancho .......................
......................................................................... var. m erid ionalis (Benoist) S tearn

b H ojas lineales (M adagascar) ..................  7. O. lin ifo lia  (B enoist) S tearn
8 a E spinas recu rv as o deflexas ........................................................................... 9

b E spinas rec ta s , h o riz o n ta lm e n te  ex tend idas o ascen d en tes  ..............  11
9 a E spinas m uy d e lg ad as  de b a s ta  5— 6 m m  de largo , ho jas m uy  pequeñas

de 1—3 m m , o rb icu la res , aov ad as a cordiform es, d en sam en te  h irsu to - 
vellosas a g lab rescen tes  (C uba: O riente: Moa) 8. O. m oana B orh id i 

b E spinas m ás la rg as  y  gruesas, ho jas elíp ticas u obo v ad as, m ás grandes
y  g la b r o s ...................................................................................................................  10

10 a E spinas to d as sim p les; el m argen  de las ho jas p lano  (B aham as— Islas
Vírgenes) .......................................................................9. O. spinosa (Jacq .) B af.
aa Hoj as co riáceas , c isto litos lineales, p rom ínu los en am bas caras . . .
............................................................................................................... 9a. ssp. spinosa
bb  H ojas m em b ran áceas  a cartáceas, m ates, c isto lito s lineales en el 

haz, p u n tifo rm e s  en el envés .............. 9b. ssp. insu laris B orhidi
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b E sp in as  con y em as o b revem en te  ram ificad as ; ho jas coriáceas, n ítid a s , 
el m argen  rev o lu to , cistolitos lineales p rom inen tes en el haz, p u n tifo r- 
mes en el envés (C uba: N orte del O rien te ) .........  10. O. eubensis B orh id i

11 a E sp in as  de 3— 15 m m  de largo, m a y o rm e n te  delgadas a veces ausen tes 12 
b E sp in as  de 1— 3 cm  de largo, ríg id as , fu ertes , sim ples o ram ificadas 17

12 a A rbustico  m u y  denso y  po strad o  de  h a s ta  10—15 cm  de alto , esp inas
delgadas ascen d en tes , in ternod ios m u y  cortos, ho jas de 1— 3 m m  de
largo (C uba O ccidental) ................. 16. O. nannophy lla  (U rb.) S te a rn

b A rbustos m ás a lto s y  ex tend idos, in te rn o d io s  de m ás de 1 cm de largo , 
ho jas de 3— 40 m m  ...........................................................................................  13

13 a Pedicelos de 1— 2 m m  de largo , m ás cortos del cáliz; hojas elíp ticas
(C uba: M ogotes de P in a r del R io) . 11. O. purpurascens (Griseb.) S te a rn  

b Pedicelos m ay o rm en te  m ás largos del cáliz ............................................  14
14 a E sp in as  ascen d en tes  con 2— 6 p a re s  de yem as, ho jas de 2— 5 m m  de

largo , ao v ad as, redondeadas a sub aco razo n ad as en la  base; flores en
grupos 3— 6-fIoros (Cuba: O rien te : S erpen tinas de H olguin) ...................
.....................................................................................  17. O. m ultigem m a B orh id i

b E sp in as  sin y em as, hojas m ás g ran d es , cuneadas o estrechadas en  la  
base , flo res so lita rias o en fasciculos 2— 4-floros ...................................  15

15 a Corola b lan ca , estam bres siem pre inclusos, filam en to s de 0.8 m m  de
largo , m ás co rto s de las an te ra s ; h o jas  m ay o rm en te  m ás anchas b a jo
la  m itad  (Ja m a ic a )  ...................................... 12. O. acicu laris (Sw.) S te a rn

b Corola ro ja , p u rp u re a  o m orada  p á lid a  o azul, m u y  ra ram en te  b la n c a ; 
es tam b res  ex serto s  o insertos, f ila m e n to s  de 1.5— 7 m m  de largo , m ás 
largos de las a n t e r a s ...........................................................................................  16

16 a H o jas de 3— 12 m m  de largo y  1.5— 6 m m  de ancho, e líp ticas u obo v ad as,
pecíolos de h a s ta  1 m m ; flores 1— 2 ,  pedicelos de 2— 7 m m  de la rgo
( J a m a ic a ) ......................................................  13. O. m icrophylla  (Lam .) S te a rn

b H o jas  de 5— 40 m m  de largo y  3— 20 m m  de ancho , aovadas, e líp ticas 
u  obo v ad as, pecíolos de 2— 5 m m  de la rgo ; flores so lita rias o en fasciculos
2— 4-floros, pedicelos de 5— 15 m m  de largo (Jam a ica )  ............................

............................................................................  14. O. a rm a ta  (Sw.) S te a rn
aa  Corola ro ja ; hojas m a y o rm en te  m ás anchas b a jo  de la  m ita d  . . .

.............................................................................................................. var. a rm a ta
bb  Corola p u rp u re a  o m orada  p á lid a  o casi b lan ca ; ho jas m ay o rm en te

m ás an ch as  en la  m itad  ......................................  var. pallidior S tea rn
17 a E sp in as  to d a s  sim ples sin yem as, flo res 1— 2 ...........................................18

b E sp in as  con y em as o ram ificad as ; flo res m ay o rm en te  en fasciculos 19 
18 a H o jas  m em b ran áceas a ca rtáceas , m a te s , de 6— 15 m m  de largo , con 

c isto litos lineales en el haz y  p u n to s  glandulosos en el envés (C uba)
..........................................................  15. O. tetrasticha (W r. ex  Griseb.) S te a rn

b H o jas subco riáceas a coriáceas, n ít id a s , de 1— 3 m m  de largo, pe losas
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a g labras, con c isto litos p ro m in en tes  y  pun to s  glandulosos hund idos en 
am bas caras (C uba O ccidental) . . 16. 0 .  n ann oph ylla  (U rb.) S te a rn

19 a E sp inas sencillas, ascenden tes, con  2— 6 pares de yem as, m a y o rm e n te
hojosas en las ram as ad u lta s , ho jas  de 2— 5 m m  de largo, ao v a d a s , 
redondeadas a subaco razonadas en la base , flores en grupos 3— 6-floros 
en  las axilas o sob re  las espinas (C uba: O rien te: S e rp en tin as  de H o lgu in )
..................................................................................... 17. 0 . m ultigem m a B o rh id i

b E spinas siem pre  ram ificad as , h o rizo n ta lm en te  ex ten d id as , ho jas  de 
6— 20 mm de largo  .............................................................................................. 20

20 a  H ojas m a y o rm en te  ca rtáceas , m a te s , con cisto litos lineales en el h az ,
pun tifo rm es y  lineales en el envés, p u n to s  glandulosos poco conspicuos, 
tu b o  de la  co ro la  igual o m ás la rgo  que los lóbulos (C uba: C ostas de
O riente) .........................................................  18. 0 .  polyece (S tearn) B o rh id i

b  H ojas m a y o rm en te  coriáceas, n ítid a s , cisto litos inconspicuos en am b as 
caras, p u n to s  g landulosos ap a re n te s  en  el envés; lóbulos de la  co ro la  
m ás largos del tu b o  (Cuba: O r.: S ierra  M aestra) 19. 0 .  A cunae B o rh id i

Oplonia m oana B orhidi sp. n.

F ru te x  ram osus, sp inosus. R am i h o rn o tin i b ru n n escen tes , c ircum circa  b rev ite r p a te n ti-  
p u b escen tes , in te rn o d iis 4— 7 m m . longis, lev ite r  quad ran g u läres . Sp inae tenues, lev ite r  
re c u rv a ta e , sim plices, 3— 5 m m . longae, basi 0,5 m m . crassae, in  ram is  v e tu s tio rib u s r a r i te r  
a b se n te s . Folia d im o rp h a , b re v ite r  e t tenu issim e p e tio la ta , ad  ram os h o rno tinos o rb icu la ria  
vel la te  co rd a ta , 2— 4 m m . lo n g a  e t 2,5— 4 m m . la ta ,  áp ice ro tu n d a ta  e t  basi tru n c a ta , r o tu n d a ta  
v e l le v ite r  co rd a ta , ad  ram o s v e tu s tio re s  e llip tica , áp ice o b tu sa  e t  basi cu n ea ta , 3— 5 m m . 
lo n g a  e t  1,5— 3 m m . la ta ,  om nia  su p ra  ±  dense h irsu ta , su b tu s g lab rescen tia , co n cav o -b u lla ta , 
m arg in e  valde  re v o lu ta , su p ra  cy sto lith is lin ea rib u s  crassis p ro m in en tib u s , su b tu s n e rv o  
m edio  crassiuscule p ro m in u lo  e t cy sto lith is p u n c tifo rm ib u s  su ffu lta , coriácea. Cetera ig n o ta .

H o lo typus: SV 26819!; C uba; P ro v . O rien te , M ina P o to sí, Moa. L eg .: 
V. S a m e k , Mai. 1968. Iso ty p u s : B p !

Spécim , exam .: O rien te : C upeyal del N o rte , Rio T oa; leg.: A. B o r h i d i , 

O. M u ñ iz  et S. V az q ue z  3248 ! 9. febr. 1970. Cerro de M iraflores, Y aguane- 
que , M oa; leg.: A. B o r h i d i , R . C a p o t e  e t  R a m o n a  O v i e d o , 12. sept. 1974.

O bs.: 0 . cubensi B orh id i affin is, q u ae  a specie n o s tra  foliis m ajo rib u s 
o v a tis  e t glabris, sp in is ten u ib u s  b rev ib u sq u e  d iffert.

Oplonia sp in osa  (S w .)  Stearn ssp . insu laris Borhidi ssp. n.

A ty p o  d iffert: foliis m inoribus, m em b ran ace is  vel chartace is , u tr in q u e  opacis, su p ra  
c y s to li th is  linearibus, su b tu s  pun c tifo rm ib u s su ffu ltis .

H o lo ty p u s: C u r t i s s  133 in  H e rb . A cad . Sei. Cuba S V !; (iso typi: BM ; 
F ; G H ; K ), Insu lae  B aham enses, New P rov idence  prope N assau ; 24. m art. 1903.
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Oplonia cubensis B orhidi sp. n.

F ru te x  usque ad  1— 2 m. a ltu s. R am i ascenden tes, te re te s , g lab ri vei c ircum circa  vel 
faciebus oppositis dense b rev ite rq u e  p u b escen tes . Spinae conspicue cu rv a tae , p le ru m q u e  
h o rizo n ta lite r  e la tae  vei ad  ram os juven iles b re v ite r  adscendentes e t  re c tae , p lerum que p u b e ru - 
lae, ap icem  versus quasi sem per 2 -gem m atae vel lev iter tr ifu rc a ta e , 2— 10 m m . longae, basi 
usque  ad  1,5 m m . crassae . Folia  subsessilia vei 1— 2 m m . longe p e tio la ta , p leru m q u e  o v a ta  
vel e llip tica , sub m edio vei in  m edio la tiss im a, ápice ob tu sa  e t e m a rg in a ta , ra r i te r  a cu ta , basi 
p leru m q u e  o b tu sa  vel ro tu n d a ta , 4— 15 m m . longa e t 1,5— 5 m m . la ta ,  nervo m edio supra  
p ro fu n d e  im presso, su b tu s  crassiuscule p ro m in en ti, la te ra libus su p ra  lev ite r im pressis , sed 
p lerum que u tr in q u e  n u llis; lam ina  supra  o b scure  v irid is, n itid a  vel lu cida , p ap illo so -a reo la ta  
e t cy sto lith is  quaqu ev ersis  crassiuscule p ro m in e n tib u s  rugulosa, su b tu s  pa llid io r, cy sto lith is  
pu n c tifo rm ib u s e t g landu lis im pressis p u n c ta ta ,  sparse pubescens vel g lab ra , m arg ine va lde  
re v o lu ta , crasse rig ideque  coriácea. F lores ax illares p lerum que 3— 6, fascicu la ti, pedicelli
2— 7 m m . longi, g labri. C alyx 2—4 m m . longus, lobi anguste tr ia n g u la r i-su b u la ti, cy sto lith is  
p u n c ta ti,  g labri. Corolla p lerum que p ro fu n d e  violácea, g labra , tu b u s  5— 10 m m . longus, 
lobi la te  obovati 4— 5 m m . longi; stam in a  in se r ta  vel exserta , f ila m en ta  0 ,5— 1 m m . vel 3— 5 
m m . longa, an th e rae  usq u e  ad 1,5 m m . lo n g ae ; s ty lu s 1 cm. longus. C apsula o b o v a ta , ápice 
a cu m in a ta  e t a cu ta  cea. 1 cm . longa, g lab ra .

H olo ty p u s: C uba; P rov . O rien te . Sierra del C rista l; in  fru tice tis  ser- 
pen tinosis m on tan is  cacum inis M t. C ayo V erde in  a lt. 850 m . s. m ., Corea, 
M ayari A rriba. L eg.: A. B o r h i d i , M. V a l e s  et R a m o n a  O v i e d o , 10. ap r. 
1976. SV !; iso ty p u s: B p !.

Spécim , ex am .: S ierra del C ris ta l: M ayari A rrib a ; C harrascos cerca de 
la c resta  del C ristal. Leg.: 2 — 7. ap r. 1956. A l a i n , A c u ñ a  e t L ó p e z  F i g u e i r a s  

5701 (SV !), 5703 (SV !), 5708 (SV !), 5810 (SV!); — Cayo V erde, in p in e tis , 
a lt. 700 765 m . s. m .; leg.: 10. ap r. 1976. A. B o r h i d i , M. V a l e s  e t R a m o n a

O v i d e o  (SV !, B p !); — R egion de M oa: Cayo C hiquito , M oa; leg.: 18. m ai. 
1944. C l e m e n t e  2346 (SV !), M ina F ran k ly n , leg.: 20. m ai 1944. C l e m e n t e  

3665 (SV !), Cerro de M iraflores, leg .: ju l. 1942. L e ó n  e t M o n t e r o  21152 
(SV), — Ib idem , leg .: 12. sep t. 1974. A. B o r h i d i , R . C a p o t e  e t R a m o n a  

O v i e d o  (SV !, B p !) , — P laya  de V aca, leg.: ap r. 1943. M a r i e - V i c t o r i n , 

C l e m e n t e  et A l a i n  21503 (SV !). Ib id em , leg.: 9. nov . 1945. A c u ñ a  (SV !), 
Ib id em  leg.: 25. m a rt. 1970. A. B o r h i d i , O. M u ñ i z  e t S. V a z q u e z  (SV !), 
R io C ayoguán, leg.: A l a i n  e t C l e m e n t e  856 (SV !), — F a ld a  NO del R io 
T oa, C upeyal, leg.: 10. febr. 1970. A. B o r h i d i , O. M u ñ i z  e t S. V a z q u e z  3409 ! 
(B p e t SV); S ierra de Ñ ipe: P in ares  de M ayari, leg.: 18. ju l. 1970. A. B o r h i d i , 

O. M u ñ i z  8210!
O bs.: O. spinosae  (Jacq .) R af. affin is, quae a specie n o s tra  spinis sim plici- 

bus, ten u io rib u s, non  gem m atis, p le ru m q u e  glabris, foliis p le ru m q u e  m em b ran a- 
ceis vel ch artaceis , m argine non  rev o lu tis  differt.

Oplonia tetrastieha (W r. ex Griseb.) Stearn

(S yn .: A nthacan thus tetrastichus W r. ex Griseb. in C ata l. P la n t. C ub. 1866. 
p .  195. sensu W r. non  S t e a r n )
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F rn tex  ram o sissim u s , sp inosus, ram i decu m b en tes  vel ascen d en tes, ho rn o tin i flav ican tes , 
q u ad ran g u lares, c ircu m c irca  b re v ite r  pu b eru li vel longius h irsu ti ( ty p u s  !); spinae sim plices, 
rig id ae , rectae, se taceae , h o rizo n ta lite r  p a te n te s , folia  subduplo  su p e ran te s , 0,7— 2 cm. longae, 
b asi usque ad 1 m m . c ra ssae ; folia b rev ite r p e tio la ta , o b o v a ta  vel an g u ste  e llip tica, ápice 
ro tu n d a ta  e t lev ite r  m u c ro n a ta ,  basi cu n ea ta , 5— 10 m m . longa (incl. p e tio lum ), 2,5— 5 m m . 
la ta ,  u trin q u e  g lab ra , su p ra  cy sto lith is ten u ib u s  p rom inu lis su ffu lta , su b tu s g landuloso- 
p u n c ta ta .  m em b ran ácea  v e l p ap y racea . F lores 1— 2, ax illares, pedicelli 4— 7 m m . longi, 
g lab ri vel sparsissim e s tip ita to -g lan d u lo s i. C alyx 2,5— 4 m m . longus, lobi calycis su b u la ti, 
q uasi usque ad basem  incisi. Corolla pallide v io lácea vel v io lácea, in fauce  pu rp u reo - vel b runneo- 
p u n c ta ta , glabra vel p u b e ru la (? ) ;  tu b u s  4,5— 10 m m . longus, lobi 3— 4 m m . longi: s tam in a  
in d u s a  vel ex serta , f i la m e n ta  1— 4 m m . longa, a n th e ra e  1,5 m m . longae.

T ypus: W r ig h t  3067 in  Cuba O cciden ta li (SV iso ty p u s  !).
Spécim, e x a m .: P in a r  del R io: P en in su la  de G uanahacab ibes, leg.: 

A c u ñ a  et Za y a s , 23. ju l .  1955 (19945 SV !), P u n ta  del H olandés, leg.:
A. B o rh idi e t R a m o n a  Ov ie d o , 23. m a rt. 1976. H a b a n a : V alle de A lm en- 
d ares , dec. 1908. leg .: L eó n  46 5 !; L om a de M achado, Jib aco a , 2. ja n . 
1929. leg.: L eó n  e t R o ig  13756! M atan zas: P u n ta  G u ana l, leg.: 30. m ai. 
1974. A. B o r h id i, B . D e l -R isco , R . Ca po t e  SV ! Boca de Canasi, 17. oct. 
1928. leg.: L e ó n  13696 (SV) ! P en insu la  de Z a p a ta , P aso  Malo, leg.: 13. 
m a r t. 1975. A. B o r h id i  e t E . D e l -R isco  SV ! Las V illas: Cienfuegos, P asa  
C aballo , leg.: A. B o r h id i  et O. M u ñ iz , 21. aug. 1969. SV ! Cienfuegos, 
G av ilán , 23. m a rt. 1928. leg .: J ack  5815 SV ! — L om a de G u a jab an a , Caiba- 
rién , leg.: A c u ñ a  24. fe b r. 1952. 17514 SV !

Obs.: La O plonia tetrasticha  es u n a  especie calcicola de las costas y  lom as 
costeras y  crece ex c lu s iv am en te  en rocas calizas en la  p a r te  occidental de 
C uba, desde la P e n in su la  de G uanahacab ibes h a s ta  la p rov inc ia  de Las Villas. 
T odos los e jem plares de O plonia , co lectados en las zonas se rpen tinas de Cuba 
O cciden tal, p e rten ecen  a la  especie O. nannophylla  (U rb.) S tearn .

O plonia nannophylla (U r b .)  Stearn

E sta  especie fue d esc rita  por U r b a n  en base de u n  e jem p la r colectado 
p o r E kman  (16534 S) cerca  de G uanabacoa en las L om as de J a ta ,  en 3 de 
Ju n io , 1923. R eco lec tan d o  ejem plares de e s ta  especie en v a ria s  localidades 
observaba , que la  d escripción  era b asad a  en u n a  fo rm a ex trem a , destru ida  
v a ria s  veces por fuego, q u e  perdió  to d a  su p o ten c ia  reg en e ra tiv a  en la h ab itad  
seca y  ex trem ad am en te  p o b re  en n u trien te s . O bservé ta m b ié n , que ejem plares 
v ie jo s, — parecidos al del tip o  — desa rro llab an  ram as juven iles estériles 
ca rac terizadas po r e sp in as  y  hojas p eq u eñ as, delgadas y densas, adem ás 
desarro llaban  ram as la rg a s , fértiles con esp inas largas, fu ertes  y  hojas peque­
ñ as , coriáceas. De e s ta  m an e ra  Hegé al re su ltad o  que la  O plonia nannophylla  
(U rb .) S tearn  es u n a  especie com ún de to d a s  las areas se rp en tin as  de Cuba 
O cciden tal, y sus e jem p la re s  norm ales e s tuv ie ron  confund idas a m enudo por 
los bo tán icos, con los e jem plares de la O plonia tetrasticha (W r. ex Griseb.)
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F ig . 2. D istribución geográfica  de las especies Oplonia tetrasticha o ;  O. nannophylla  • :  0
purpurascens  x ; y  0 . multigem m a  -j-

S tea rn . Por esta razó n  considero  necesario  hacer u n a  redescripción  com pleta 
de am bas especies. El diagnosis de la Oplonia nannophylla  (U rb .) S tearn  es 
com o sigue:

F ru tex  usque ad  1 m . a ltu s. R am i ho rn o tin i te re te s  vel lev ite r com pressi, circum circa 
b re v ite r  dense h irsu ti, g labrescen tes vel g labri, v e tu s tio res  te re te s , co rtice  long itud inalite r 
fisso ; in ternodiis in  ram u lis  ju v en ilib u s secundariis 1— 5 m m . longis, in  ram is ve tustio ribus 
4— 8 m m . longis, nodi sub  spin is va lde  in cra ssa ti, c icatric ibus p e tio lo ru m  delapso ru in  ob tecti. 
Sp inae supra  axillis fo lio rum  so lita riae , ad  ram os juven iles ten u es, ad scen d en tes, rectae , ad 
ram o s ve tustio res a basi ad scenden tes h o rizo n ta lite r  vel su b h o riz o n ta lite r  d irec tae  vel lev iter 
ascendentes, rectae  vel basi levissim e cu rv a tae , 0,8— 2 cm . longae, sim plices, egem m atae, 
brevissim e h irsu tae  vel g lab rae. Folia subsessilia , o b o v a ta  vel o b o v a to -e llip tica , basi p leru inque 
in pe tio lum  an g u s ta ta , 1— 3 m m . longa e t 0,7— 1,5 m m . la ta , spinis m u lto  breviora, nervo 
m edio supra  inferne p rom inu lo  vel obso le to , sub tus in itio  paullo  p ro m in e n ti, apicem  versus 
evanescen ti. la te ra lib u s u tr in q u e  nu llis; lam in a  supra  obscure  v irid is, n itid a , cysto lith is qua- 
queversis , crassiuscule p ro m in en tib u s  o b sita , su b tu s pa llid io r, cy s to lith is  obsoletioribus e t 
p u n c tis  glandulosis im pressis su ffu lta , su p ra  pilosa, brevissim e g lan d u lo so -h irsu ta  vel g labra , 
u tr in q u e  n itida , crassiuscule  rig ideque coriácea. Flores ax illares 1— (— 2); pedicelli 5 — 10 m m . 
longi, glanduloso-pilosi vel glabri. C alyx 1,5— 2 m m . longus, lobi quasi u sque  ad  basem  incisi, 
1,3— 1,8 mm. longi, tr ia n g u la ri-su b u la ti, g landuloso-pilosi vel glabri. Corolla profunde violácea, 
u tr in q u e  pilosa vel g lab ra , fauce b ru n n e o -p u n c ta ta , 7— 10 m m . longa, tu b u s  4— 7 m m. longus, 
lobi obovati, 3—5 m m . longi. S tam in a  in se rta , filam en ta  1— 3 m m . lo n g a , ovarium  ov a tu m , 
ápice acum inatum , 2— 3 m m . longum , glanduloso-pilosum  vel g lab ru m . S ty lus 3— 4 m m . 
longus, ápice b rev ite r c a p ita tu s . C apsula ob lanceo la ta , a cu m in a ta , 0 ,7— 1,5 cm. longa ra rite r  
brevior.

Specim ina e x a m in a ta : P ro v . P in a r del R io: Lom a P ré lu d a  de C ajalbana, 
in  fru tice tis  serpen tinosis , leg.: 28. ja n . 1976. A. B o r h id i e t  R . Capote SV !, 
Bp ! — Ibidem  28. ap r. 1976. leg.: A. B o rh idi e t R . Capo te  SV !, Bp ! Cua- 
bales al E ste  de la L om a de C aja lb an a , La P a lm a , leg.: 10. ju n . 1950. A l a in  
e t A cuña  1395 (SV !) Ib id em  febr. 1953. A l a in  2757 (SY !), apr. 1954. 
3901 !, 3909 ! (SV). -  F a ld a  S u r de la Lom a C aja lb an a , leg .: A cuñ a  et R oig 
ju l. 1951 (SY) ! In  fru tice tis  serpentinosis ad B ah ia  H o n d a , leg.: A. B o r h id i, 
R . Capote et J .  U r b in o , 26. aug. 1975. (SY) ! P ro v . H a b a n a : Lom as de 
las J a ta s  3. ju n . 1923. leg.: E k m a n  16534 (typus S !), Ib id em , E km an  16530 !

Ib idem , Le ó n  2865! 4. ja n . 1912 (SV!) L om a de Coca, Campo Florido, 
leg.: A. B o rh idi e t O. M u ñ iz  19. sep t. 1969. (SY !) - Ib id em , leg.: A. B o r h id i, 
M. Y ales et Milag ro s Mo n c a d a  10. dec. 1974. P ro v . M atanzas: Lom a
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G alindo , P ied ra  Sola, C orral N uevo ; leg.: A. B o r h id i , E . D e l -R isco et 
R . Capote  30. m ai. 1974 (SV) ! P rov . Las V illas: S ab an a  de M otem bo,
2. ju n . 1919. L eó n  e t F o r t ú n  8579 (SV)! Ib id em , 28. aug. 1922. L eón  
11385 (SV) ! Cerro C hivo, S a n ta  Clara, leg.: 3. se p t. 1969. A. B o r h id i, 
O. M uñiz  e t S. V azq uez  324 SV !

O plonia n iu ltigem in a  Borhidi sp. n .

F ru te x  ram osus, sp inosus. R am i h o rn o tin i b runnescen tes, le v ite r  q u a d ran g u la ti, faciebus 
o p p o sitis  brevissim e e t ad p resse  pilosi, v e tu s tio re s  a lb ican tes, g lab ri, sp in iform es. Spinae 
ascen d en tes , lev iter q u a d ran g u lä re s , 6— 12 m m . longae, ra rite r  long iores, basi u sq u e  ad 1,5— 2 
m m . crassae, nodosae, 2— 8-gem m iferae, postrem o  foliosae e t  flo rife rae . Fo lia  brevissim e 
p e tio la ta , o v a ta  vel e llip tica, áp ice  ro tu n d a ta  vel ob tusa , basi r o tu n d a ta  vel b re v ite r  a n g u sta ta ,
2—  5 m m . longa e t 1,5— 3 m m . la ta , sp in is m u lto  breviora, ne rv o  m edio su p ra  im presso, 
su b tu s  p rom inenti, la te ra lib u s  u tr in q u e  nullis, lam ina  supra c y sto lith is  lin ea rib u s crassiuscule 
p ro m in u lis , sub tus co m m atis  sparsis, p le ru m q u e  ad nervum  m ed iu m  aggregatis  suffu lta , 
c e te ru m  a lb o -p u n c ta ta , u tr in q u e  n itid a , g lab ra , m argine in c ra ssa ta , coriácea. F lores in axillis 
a d  ram o s hornotinos vel ad  ram o s la te ra les  v e tu s tio re s  sp in iform es 3 —6-fascicu la ti. Pedicelli
3—  6 m m . longi, glabri vel sp a rse  g landulosi. C alyx 3—4 mm. longus, g lab e r vel sparse  glandulo- 
sus, lobi oblongo-lanceolati, a cu ti, q uasi u sq u e  ad  basem  incisi. Corolla v io lácea vei pallide 
v io lácea , tu b u s  6— 10 m m . longus, g laber, lobi va lde  inaequales, b rev io res  2— 3 m m ., longiores
4—  5 m m . longi, g labri, om nes o b o v a ti, áp ice ro tu n d a ti . S tam ina  in d u s a ,  fila m en ta  1— 1,5 m m. 
lo n g a , an th e rae  o vatae , 1,5 m m . longae, s ty lu s  usque ad  2 cm. longus. C apsula ob lanceo lata , 
g la b ra , 0 ,6— 1,2 cm. longa.

H olo typus: L F  1367 SV ! C uba; P rov . O rien te; lom as ju n to  H olguin, 
c a r re te ra  de Cueto. L eg.: L ópez  F ig u e ir a s  30. m ai. 1954. Iso ty p u s : SV!

Spécim , exam .: P ro v . O rien te : in  fru tice tis  sem p erv iren tib u s  se rp en ti- 
nosis arid is ad Ceja de M elones in te r  S a n ta  Lucia e t H o lgu in . L eg.: A. B orhidi 
14. feb r. 1976. (SV !, B p  !), — in fru tice tis  sem p erv iren tib u s serpentinosis 
in o n tis  Cerro G alano, C am ino La P a lm a , H olguin, leg.: A. B o r h i d i , R . Ca po te , 
R a m o n a  Oviedo  25. sep t. 1975. (SV !, Bp !), — C uabales de se rp en tin a , H ol­
g u in , m ai. 1939. Leg.: L e ó n  e t Ca r a b ia  1898! (SV), Cerro de F ra ile , H ol­
g u in , 21. febr. 1970. L eg .: A. B o r h id i  e t O. Muñiz  3916! (SV, Bp).

Oplonia p o lyece (S tea r n ) Borhidi com b. et sta t. n.

(S y n .: Oplonia tetrasticha v a r . polyece S tearn  in Bull. B r it . M us. H ist. N at. 
B o t. 4. No. 7. 1971. p. 311. — O. tetrasticha  ssp. polyece B o rh id i in  A cta  B ot. 
A cad . Sei. H ung. 19. 1973. p. 45.)

Frutex ramosissimus, spinosus; rami ascendentes, hornotini flavicantes, quadrangulares, 
in faciebus oppositis vel circumcirca puberuli vel plerumque patente-hirsuti. Spinae primariae 
rectae, lignosae, 1—3,5 cm. longae, basi usque ad 2,5—3 mm. crassae, ramificatae vel 2—4- 
gemmiferae usque foliigerae. Folia usque ad 2 mm. longe petiolata, obovata, ovata vel elliptica, 
ápice rotundata et saepe emarginata, basi cuneata, obtusa vel rariter rotundata, 0,6—2 cm. 
longa et 0,3—1,2 cm. lata, juvenilia utrinque sparse ad nervum medium subtus dense hirsuta 
vel longe pilosa, postremo glabrescentia vel glabra, supra cystolithis linearibus prominulis 
suffulta, subtus cystolithis linearibus et puctiformibus obsoletis vel manifeste prominulis 
albo-punctata et obsolete glanduloso-punctata, papyracea vel chartacea. Flores 2—4, axillares
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vei ad  spinas subso litarii; pedicelli 3— 6 m m. longi, g labri. C alyx 3— 5 m m . longus, g laber 
ve l sparse pilosus, lobi calycis su b u la ti, quasi usque ad basem  incisi, áp ice p lerum que p e rm an en ­
te r  pilosi. Corolla pa llide  azu rea  vel violácea, g labra  vel sparse  g landuloso -puberu la , tu b u s  
6 — 11 m m . longus, lobi 5— 7 m m . longi. S tam in a  ex serta , f ila m en ta  2— 5 m m . longa, a n th e rae  
cca. 1,5 m m . longae. C apsula ob longo-obovata, 1— 1,5 cm . longa, ápice brevissim e ap ic u la ta , 
cy sto lith is  p u n c ta ta .

Spécim , ex am .: P ro v . O rien te : M anigua de A guadores, S antiago  de C uba, 
m ai. 1946. L eg.: C l e m e n t e  5021 (SY !), — Ib id em , 20. oct. 1969. Leg.: A. B o r - 

HIDI et O. MuÑlZ 765 ! (SV), El M orro, S an tiag o  de C uba, 12. ju n . 1953. 
L eg.: A c u ñ a  e t C o r r e l  18708 ! (SY) - Ib idem , 21. oct. 1969. Leg.: A. B o r h i d i  

e t O. MuÑlZ 828 ! 830 ! (SV, B p); M anigua del A eropuerto , Santiago de 
C uba, 14. m art. 1954. Leg.: L ó p e z  F i g u e i r a s  1131 (SV !); — L a Socapa, 21. 
oct. 1969. Leg.: A. B o r h i d i  et O. M u ñ i z  890 ! 891 ! (SY, B p); - Versailles, 
S an tiago  de C uba, 3. feb r. 1970. Leg.: A. B o r h i d i  2693 ! (SY); P u n ta  G orda, 
San tiago  de C uba, 6. ap r. 1976. Leg.: A. B o r h i d i , M. V a l e s  e t R a m o n a  O v i e d o  

(SV; B p); - E l S ard inero , S iboney, 12. febr. 1970. L eg.: A. B o r h i d i , O. M u ñ i z  

et S. V a z q u e z  3509 ! (SV); Y unque de D aiq u iri, 29. oct. 1969. Leg.: A. B o r ­

h i d i  1442! (SV, B p); — C osta seca de Im ias , B araco a ; 14 15. sep t. 1952.
Leg.: A c u ñ a  17892 ! (SV); — Jau co , B aracoa , 17. m a r t. 1970. L eg.: A. B o r h i d i , 

O. M u ñ i z  et S. V a z q u e z  4427 ! (SV, B p); M inas de N icaro , O cujal, M ayari, 
ju l. 1953. Leg.: A c u ñ a , A l o n s o  e t P i n o  18790! (SV); P lay a  P esq u ero  
N uevo, S an ta  L ucia , 15. feb r. 1976. Leg.: A. B o r h i d i  (SV, B p).

Fig. 3. D istribución  geográfica  de las especies Oplonia cubensis O; O. moana  + ;  O. A cunae  • :
y  O. polyece X

Oplonia A cunae Borhidi sp. n.

F ru te x  ram osissim us, v a ld e  spinosus. R am i ascen d en tes , h o rn o tin i flav ican tes, lev ite r  
qu ad ran g u lares, c ircum circa  b re v ite r  puberu li vel se tu lo so -h irsu ti. Spinae lev iter ascenden tes 
vel horizon tales, rig idae, lignosae, 0,8— 2,5 cm. longae, b asi u sq u e  ad  2,5 m m. crassae, tr ifu r-  
ca tae  vel ram ifica tae , saepe foliigerae. Folia e llip tica , o v a ta  vel o b o v a ta , ápice a c u ta  v e l
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o b tu sa , basi a tte n u a ta , 0 ,6— 2 cm. longa e t 0 ,3— 0,8 cm. la ta , ju v en ilia  cum  petio lis  (1— 3 mm. 
longis) u trin q u e  dense b re v ite rq u e  h ir tu la , p o strem o  u trin q u e  n itid a , g lab ra , coriácea , cystoli- 
th is  u tr in q u e  absen tib u s, su b tu s  g lan d u lo so -p u n c ta ta  e t nervo m edio la te ra lib u sq u e  u troque  
la te re  2— 3 prom inulis su ffu lta , m argine p lan a . F lores axillares, 1— 3; pedicelli 4— 7 m m . longi, 
g lab ri; calyx  3— 5 m m . longus, glaber, lob i su b u la ti usque ad  basem  incisi; corolla  pallide 
azu rea , tubo 5— 7 m m . longo , lobi 6— 10 m m . longi, in tu s  brevissim e lan ug inosi. Capsula 
ob longo-obovata, 1— 1,5 cm . longa, p le ru m q u e  g labra .

H olo typus: A c u ñ a  11239 S Y !; C uba; P rov . O rien te , S ierra  M aestra, 
P ico  T urqu ino . L eg.: J .  A c u ñ a , 2. aug. 1935. Iso ty p u s : A c u ñ a  9710 SV!

Spécim , exam .: P ro v . O rien te : S ierra  M aestra: M ogotes de B aire  prope 
p ag . M atias in a lt. 4 5 0 —500 m . s. m . 23. oct. 1969. Leg.: A. B o r h i d i  e t O. M u ñ i z  

1032 (SY)! Ib id em  Pozo A zul, 23. o c t. 1969. Leg.: A. B o r h i d i  e t O. M u ñ i z

963! (SV); M ogotes de B aire, La T ab la , 5. febr. 1970. Leg.: A. B o r h i d i ,

O. M u ñ i z  et S. V a z q u e z  2880! (SV; B p).

2. E l género E ly tra ria  M ichx. en Cuba

E l género E lytraria  M ichx. ha  sido poco estud iado  en Cuba. E l articu lo  
p re se n te  añade a las 3 especies conocidas en este pais la descripción de 2 especies 
y  1 subespécie n uevas m ás y  u n a  clave ana lítica  p a ra  las espécies cubanas:

1 a H o jas oblongas a ao v ad as , ca rtáceas ; cáliz 5-m ero .................................... 2
b  H o jas orbiculares o e sp a tu lad as , m em branáceas; cáliz 4-m ero .......... 4

2 a B rác teas  p u b éru las  p o r  fuera  (C uba: LV.; Cam .; O r.; endém ica) ..............
.............................................................................. 1. E. Shaferi (P . W ils.) L eonard

b B rác teas lam piñas p o r  f u e r a .............................................................................. 3
3 a H o jas fu ertem en te  c renadas y  rug o sas , firm es (Cuba: C am .; O r.; endé­

m ica) ............................................................................................ 2. E . cubana A lain
b H o ja s  en teras o re p a n d a s , el m arg en  den ticu lado  o poco crenu lado ,

m ay o rm en te  en te ro  (C uba: P R .; LV .; Cam .; O r.; endém ica) .....................
..............................................................................................  3. E . plan ifo lia  L eonard
a a  H ojas aovadas de 1.5— 3 cm, el m arg en  den ticu lado  u  poco crenu lado , 

espigas de 1— 1.5 cm, b rác teas  de 3— 4 m m  de largo , cáp su la  de
2 — 3 m m  ............................................................................ 3a. ssp. p lanifolia

bb  H ojas oblongo-oblanceoladas a lineari-ob longas de 2.5— 5 cm , el 
m argen  en te ro ; espigas de 1.5— 2  cm , b rác teas  de 5— 6 m m  de largo,
cápsula de 3.5— 5 m m  (Cuba: C aín .; endém ica) ...........................................
.............................................................................................  3b. ssp. A cu nae B orhid i

4 a Pecíolo  de 1.5— 3 cm  de largo, p ed ú n cu lo  y  raqu is pelosos d eb a jo  de las
escam as; lóbulos la te ra le s  del cáliz lineal-lanceolados (C uba: O r.: B aracoa  
sobre caliza; endém ica) .................4. E . spathulifolia  B orh id i e t M uñiz
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b Pecíolo de 0.5— 1 cm de largo, p ed ú n cu lo  y raqu is m u y  delgados y  g labros 
debajo  de las escam as; lóbulos la te ra le s  del cáliz aovados y  a ris tu lad o s en
el ápice (C uba: O r.: Moa, sobre se rp en tin a ; endém ica) .................................
. , , .................................................................... 5. E. filica u lis  B orh id i e t M uñiz

Elytraria p lanifolia  Leonard ssp. A cunae B orhidi ssp. n.

A ty p o  d iffert: foliis oblongo-oblanceo latis vel lineari-ob lanceo la tis , 2,5— 5 cm. longis 
e t 0 ,4— 0,8 cm. la tis , m arg ine in tegris, sp icu lis 1,5— 2 cm. longis e t  0 ,5— 1 cm . la tís , b rac te is  
o v a tis  5— 6 m m . longis, capsulis 3,5— 5 mm longis.

H o lo typus: A c u ñ a  16322 S Y !;  C uba; P rov. C am agüey , S abanas en tre  
c iudad  C am agüey y  S ierra de C ub itas , solo serpentinoso . L eg.: J .  A c u ñ a  et 
E . R o d r i g u e z , 1. aug. 1950.

E lytraria sp ath ulifo lia  Borhidi et M uñiz sp. n.

P la n ta  acaulis, rad ice  fibrosa. F o lia  sp a th u la ta , lim bo ipso o rb icu lari vel la te  obovato , 
ápice ro tu n d a to , basi b re v ite r  cuneato  e t  in p e tio lum  1,5— 3 cm . longum  e t 2— 4 m m . la te  
a la tu m  p ro trac to , 1— 1,5 cm . longo e t 0 ,8— 1,2 cm. la to , nervo m edio  u tr in q u e  ten u ite r  proini- 
nulo , longe e t sparse piloso vei g lab rescen ti, la te ra lib u s u tro q u e  la te re  2— 3, apicem  versus 
a rcu a tis , u tr in q u e  p rom inu lis e t conspicue re ticu la tis , lam ina u tr in q u e  g lab ra , sup ra  v irid is, 
su b tu s  opaca, m arg ine lev ite r c ren u la ta , te n u ite r  m em branácea. P ed u n cu li 2,5— 7 cm . longi 
e t 0 ,5— 1 m m . crassi, ápice p lerum que d iv a r ic a ti  vel ram ificati, sp icu las 1— 3 gerentes. Squam ae 
basi valde  d ila ta tae , ap icem  versus longe a tte n u a ta e ,  acu tae , b rev issim e a ris ta tae , 2— 3 m m . 
longae, ex tu s g lab rae, in tu s  m anifeste p u b e ru la e , pedúnculo  ipso sub squam ulis fibroso-piloso. 
Spiculae 0,7— 1,5 cm . longae e t 2— 3 m m . crassae , rhach ide p ilosae. B rac teae  la te  o v a tae , 
basi au ricu la tae , 2,5— 3 m m . longae, ápice b re v ite r  acu m inatae , e x tu s  g labrae, in tu s  pilosae, 
m arg ine brevissim e c ilia tae , b racteo lae  lan ceo la tae , 1,5— 1,8 m m . longae, dorso pilosae. 
Calycis lobi 4, superio r la te  ellipticus la te ra le s  lineari-lanceo lati, in ferio r p rofunde incisus, 
om nes 2 m m . longi, ápice b rev ite r a cu m in a ti e t pilosi. Corolla n o n  v isa. O varium  superum  
g labrum . S ty lus filiform is, 0,5 m m . longus.

H olo typus: A l a i n  5073 S V !; C uba; P rov. O rien te ; in saxosis calcareis 
hum idis riv i R io Y u m u ri, prope opp . B aracoa. L eg.: A l a i n , e .  V .  M o r t o n  

e t L ó p e z  F i g u e i r a s , 13. ja n . 1956.

E lytraria filicau lis  Borhidi et M uñiz sp. n.

P la n ta  acaulis, rad ic ibus b rev ib u s fib rosis. Folia b rev issim e sp a th u la ta , lam ina  ipsa 
o rb icu laris vel la te  o b o v a ta , ápice ro tu n d a ta ,  basi b rev ite r a t te n u a ta ,  0,5— 1 cm. longa et 
0,4— 0,8 m m . la ta , in  petio lum  1— 1,5 m m  la te  a la tu m , 0,5— 1 cm . longum  p ro tra c ta ;  nervo 
m edio u tr in q u e  p rom inu lo  e t sparse ferrugineo-piloso  vel g lab rescen ti, la te ra lib u s u tro q u e  
la te re  2— 3, a rcu a tis , u tr in q u e  prom inu lis e t  su p ra  obsolete re ticu la tis , lam ina  su p ra  v irid is 
e t papillosa , su b tu s opaca, m argine in te g ra , p ap y racea . P ed u n cu li filiform es, usque ad  6— 7 
cm . longi e t 0,4— 0,7 m m . la ti, sub sq u am is g laberrim i. Squam uli e b asi la te  o v a ti, auricu la to - 
am plexicauli, longe a tte n u a ti,  1,5— 2 m m . longi, ex tus g lab ri, in tu s  superne m inutissim e 
lep id o ti, inferne pilosiusculi. Spiculae so lita riae , 2 — 6 m m . longae , usque  ad  3 m m . la tae , 
rh ach id e  g labrae. B rac teae  la te  o v a tae , 2— 2,5 m m. longae, a cu tae , brevissim e a ris tu la ta e . 
in ferne m argine m em branaceae  e t g lab rae , superne brevissim e c ilia tae , ex tu s g labrae, in tu s
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lep id o tae  e t p u lv e ru len ta e . B rac teae  2, lan ceo la tae , 2 m m . longae, la ti tu d in e  inaequ im agnae , 
a cu tae , carinatae, dorso  b rev issim e pilosae. Calycis lobi scariosi, su p erio r late ra lesque  la te  
o v a ti, laterales 2, dorso  c a r in a ti  e t ápice b re v ite r  a ris tu la ti, lobus in ferio r lineari-lanceo latus, 
áp ice  bilobatus, om nes su p e rn e  pilosi, 1,8— 2 m m . longi. C apsula 2 m m . longa, glabra.

H olotypus: C l e m e n t e  4736 S V !; C uba; P rov . O rien te ; R egion de M oa. 
Orill as de un a rro y o , ch arrascal del Coco. L eg.: C l e m e n t e , L e ó n , A l a i n  

e t  C r i s ó g o n e , 3. aug . 1945. Iso ty p u s: L e ó n  22618 SV !
Obs.: Cum p raeced en ti, foliis sp a th u la tis , flo ribus ca lyceque 4-m eris 

in te r  omnes species cu b an as  insignes. E . f i lic a u lis  ab E . spa thu lifo lia  peduncu- 
lis e t rhachid ibus g lab ris , lobis calycis la te ra lib u s  ov a tis , ca rin a tis  e t b rev ite r  
a r is ta tis , lobo in fe rio ri b ilo b a to  om nino d iffert.

3. S tenan drium  heterotrichum  Borhidi sp. n.

P lan ta  acaulis, 5— 10 cm . a lta ; rh izom a usque  ad  4 m m . c rassu m , rad ícu las m u lta s  
filifo rm es em ittens. F o lia  b a sa b a  2— 5 cm. longe p e tio la ta , petio lis pilis longis albis tenu ibusque  
p u b e ru lis  vei g lab rescen tib u s su ffu lta , o b o v a ta  vel ob longo-obovata , basi longe acu m in ata , 
áp ice  ro tu n d a ta , 2— 5,5 cm . longa e t 0,8— 1,8 cm. la ta ,  sup ra  pilis longis a rticu la tis  sparse e t 
pilis brevissim is dense p ilo sa , su b tu s ad  ñervos longe p ilosa, in te r  ñervos brevissim e h ir tu la , 
p o strem o  glabrescentia  e t  m in u tissim e  n ig ro -p u n c ta ta , m argine p lan a , in te g ra  vel m anifeste 
c re n u la ta , su b ch artacea. In flo rescen tia  folia superans, pedunculi 4— 7 cm . longi, 1— 1,5 m m . 
crass i, longe pilosi. B ra c te a e  oblongo-obovatae  vel lin ea ri-o b o v a tae , 6— 10 m m . longae e t 
1 ,5— 3 mm. la tae , áp ice o b tu sa e  vel ro tu n d a ta e , basi cu neatae , longe pilosae. B racteolae  2, 
l in ea re s , 2 mm. longae. C alycis lobi 5, lineari-lanceo la ti, su b u la ti, 2,5— 3 m m . longi, subaequi- 
m ag n i, basi in 1/4 a lt i t ,  co a liti , dense pilosi. Corolla a lb a , tubo  4— 5 m m . longo e t 1 m m . la to , 
lo b is  b rev ite r obovatis. S ta m in a  in tu b o  corollino sub g a rg an ta  in se rta . C apsula 4,5— 5 m m . 
lo n g a , puberu la . Sem ina 2, o rb icu laria  vei o b o v a ta , m arg inem  versus squam ulosa.

H olotypus: U O  586 SV !; C uba; P ro v . O rien te ; P la y a  A guacate  cerca 
de M aravi, O. de B a raco a . Leg.: L ó p e z  F i g u e i r a s  10. ap r. 1960.

Obs.: S. crenato U rb . affin is a quo s ta tu ra  m ulto  m ajo re , indum ento  
he terom orp lio  p ra e te r  a lias n o tas  species n o stra  clare d iffert.
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SUPRAINDIVIDUAL VERSUS INDIVIDUAL 
HOMOGENEITY OF PHOTOSYNTHETIC 

PIGMENTS: A STUDY ON COMMUNITY STRUCTURE*
By

G. F e k e t e  an d  Z. T u b a

BOTANY D EPA RTM EN T OF TH E N ATURAL HISTORY MUSEUM, BU DA PEST 
D EPARTM ENT OF BO TA NY , BESSEN Y EI GY. TEA CH ERS’ COLLEGE, N Y ÍREG Y H Á ZA

(R eceived Ju n e  3, 1977)

The p h o to sy n th e tic  p igm en t c o n te n ts  (chlorophylls an d  caro teno ids) were 
exam ined  in  3 s t r a ta  o f Quercetum petraeae-cerris association . T he sep a ra tio n  of the  
p igm en ts was carried  o u t by  m eans of th in -lay er ch ro m ato g rap h y . Besides th e  species 
(ind iv idual) sam ples, sup ra in d iv id u a l, m ixed  sam ples, w hich c o n ta in  th e  layer-form ing  
species to g e th e r, w ere also analysed in  to  de term ine  w h e th er th e re  is such  a reg u la tio n  
—  operating  a t  a su p ra in d iv id u a l level —  w hich has a hom ogenizing  effect on th e  b io­
chem ical s tru c tu re . Sam pling  of b o th  th e  species-indiv iduals and  th e  su p ra in d iv id u a ls  
w as rep ea ted  four tim es, th e ir  ev a lu a tio n  is based on th e  sca tte rin g  on th e  resem blance 
of th e  re la ted  re p e titio n s  and  on the  hom ogeneity  of th e ir d iv e rs ity  (p igm en t d iversity ).

On th e  basis o f th e  s tan d ard  d ev ia tio n  in the  to ta l  ch lorophyll co n te n t o f the  
m ixed sam ples, th e  sh ru b  and herb layers are  more hom ogeneous th a n  th e ir  com ponents 
th e  species, while th e  up p er canopy tak e s  a m edium  po sitio n  be tw een  th e  tw o oak 
species (their com ponen ts). The E u clid ean  d istances (chord  d istances) ca lcu la ted  on 
th e  basis of th e  re la tiv e  frequencies o f th e  six p igm ents (ch lorophyll-a , ch lorophyll-b , 
caro tene, lu te in  a n d  a n th e rax a n th in  to g e th e r, v io lax an th in , n eo x an th in ) show  th a t  
th e  u p p e r canopy  a n d  th e  herb lay er as a su p ra in d iv id u a l u n it  is m ore hom ogeneous 
th a n  the  in d iv id u a l com ponents. In  th e  p igm ent d iversity  (expressed by  m eans of 
S h a n n o n ’s fo rm ula) is considered, all th e  th ree  layers a re  m ore hom ogeneous th a n  the 
ind iv idual species. T he fixed  s ta te  o f th e  p igm ent s tru c tu re  of the  u p p e r and  lower 
layers of th e  fo res t, b u t  especially t h a t  of the  herb lay er, in d ica tes  th e  existence of 
hom eostasis re g u la ted  su p ra ind iv idually .
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Introduction

I t  is no t acc id en ta l th a t  to d a y , w hen the  fu n c tio n  of th e  ecosystem  is 
one of th e  o u ts tan d in g  questions of ecology, the  s tru c tu re  of p la n t associations 
has becom e a ccen tu a ted . S tru c tu re  is a spatia l o rd er of ce rta in  elem ents, 
com ponen ts. The p rinc ip le  of s tru c tu ra l s im u ltane ity  defined  b y  J u h a s z - 

N a g y  m u st be accep ted ; according to  th a t  principle, in  an y  of th e  ob jectum s 
o f th e  v eg e ta tion , th e re  ex ist no t o n ly  one b u t several and  various s tru c tu res  
s im u ltaneously . F o r exam ple, a s tru c tu re  m ay  m an ifest itse lf in th e  real, 
to p o g rap h ica l or in  th e  topological space, i t  can be au to p h en e tic  or synph en e tic  
( J u h a s z - N a g y  1972). F o r exam ple, th e  synphenetic  s tru c tu ra l ch a rac te ris tic  
o f th e  association  is th e  species d iv e rs ity  w hich has recen tly  been analysed  
on a very  large scale, an d  often in  connexion w ith  its  function .

* “ S íkfokút p ro je c t”  No. 33.
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W ith  resp ec t to  fu n c tio n , an  essential synphene tic  s tru c tu re  is the  p h y sio ­
gnom ical s tru c tu re  o f th e  com m unity . Such is, fo r exam ple, s im ply  th e  v e rtica l 
s tra tif ic a tio n , or th e  p a t te rn  of h o rizon ta l d is tr ib u tio n  of th e  leaves and  th e  
organs of th e  a ssim ila tio n  (w hich is in d irec t re la tio n sh ip  w ith  th e  leaf-area- 
in d ex , L A I) also im p o r ta n t  w ith  respect to  fu n c tio n ; th e  a rch itec tu re  ta k in g  
in to  consideration  also th e  v e rtica l and  h o rizo n ta l a rran g em en t, th e  in c lina tion  
an d  o rien ta tion  o f th e  organs, is m ore com plex (for rev iew  see F e k e t e  1972). 
T he m odels a im ed a t  describ ing these  s tru c tu re s , th e  so-called p ro d u c tiv e  
s tru c tu re s  (Mo n s i - S a e k i  1953, Monsi  1968, etc .) form  th e  basis of several 
o th e r, co m m u n ity -p h o to sy n th esis  m odels describ ing  th e  p rim a ry  fu nc tion  o f 
p rim a ry  p ro d u cen ts , th a t  is th e  CO,, assim ilation .

In  close co rre la tio n  w ith  th e  lig h t cond itions, th e re  ex is t p h o to sy n th e tic  
p ig m en t s tru c tu res  as well. Od u m  McCo n n e l l — A b bo tt  (1958) were th e  f irs t  
to  describe the  ty p e s  o f p la n t associations accord ing  to  th e ir  p ig m en t s tru c tu re  
(v e rtica l d is tr ib u tio n  o f  th e  ch lorophyll co n cen tra tio n ), an d  a t  th e  sam e tim e  
accord ing  to  th e  effic iency  of chlorophyll co n ten t, and  to  th e  energetic effi­
c iency  of p h o to sy n th es is . A ccording to  th em  th e re  can be d istingu ished : 
1) s tra tif ie d  com m unities (forest and  b en th ic  com m unities), 2. shaded  com m u­
n itie s  (cave com m unities), 3. m ix ing  com m unities (in tu rb u le n t u p p er w aters),
4 . th in  cu ltu res w ith  all b rig h t lig h t (m any  lab o ra to ry  cu ltu res , in n a tu re  
w here  only th in  v e g e ta tio n  can develop on surface of rocks, w a te r or in new  
colonization). O th e r a u th o rs , la te r  even po in ted  o u t th a t  in associations w ith  
w ell developed can o p y  (w here edaphic  fac to rs  — for exam ple, w ater d efi­
c iency  — do n o t p re v e n t th e  closing of th e  foliage), w ith  an  ad eq u a te  lig h t 
d ispersiveness of th e re  is a re liab le  v ertica l connexion betw een  th e  chlorophyll 
c o n te n t of th e  v a rio u s s t r a ta  of th e  com m unity  an d  th e  lo g arith m  of the  ligh t 
ab so rb ed  by  th e  ch lo rophy lls  (cf. for exam ple Ok u b o -  O i z u m i -  H o s h i n o — 
N is h im u r a  1968). B rougham  (1958, 1960, 1965, P ilât  1967, О ки во  
K a w a n a b e  H o sh ino  1971) and  o thers even po in ted  o u t th a t  th e re  is a corre­
la tio n  betw een th e  q u a n t i ty  of th e  ch lorophylls (the  so-called chlorophyll 
in d ex , w hich is analogous w ith  th e  L A I, cf. K v è t — On d ó k  —N ecas  - J arvis  
1971) and  the  g row th  ra te s  in th is  cases. R ecen tly , Mall — D as  (1974) po in ted  
o u t a sign ifican t connex ion  betw een  th e  chlorophyll co n ten t of th e  com m unity  
an d  th e  stand ing  b iom ass, w hile S i n g -B illore  (1975) e s tab lished  a sign ifican t 
co rre la tio n  betw een ch lo rophy ll co n ten t and  th e  energy co n te n t of the  com ­
m u n ity . These connexions prove th e  existence and  fu n c tion ing  of w ell-defined 
v e rtic a l p igm ent s tru c tu re s  — as sim ultaneous, p ro d u c tiv e  s tru c tu re s .

The s im u ltaneous ex istence  of several p ro d u c tiv e  s tru c tu re s  m ay raise 
th e  question  w hich of th e m  should  be analysed? E v id e n tly  th is  considerations 
en ta ils  professional d e lib e ra tio n . In  an en v iro n m en t w ith  low rad ia tio n , for 
exam ple , when th e  m a jo r ity  of th e  lea f m ass is u n d e r  th e  effect of low ligh t 
in te n s ity , th e  p h o to sy n th es is  is to  a g rea t e x te n t lim ited  b y  lig h t and  p h o to ­
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chem ical reac tio n s. In  th ese  cases, i t  is reasonab le  fo r us to  choose the  p h o to ­
sy n th e tic  p igm ents as a basis for com parison  of p h o to sy n th es is ; n a tu ra lly , 
th e  p igm ent s tru c tu re  also becom es essential. H o d á n o v a  (1973, 1975), fo r 
exam ple, was able to  describe th e  P h A R -a tte n u a tio n  in  sugar-beet can o p y  
b e tte r  b y  m eans o f th e  ch lorophyll s tru c tu re  th a n  b y  th e  lea f  area s tru c tu re . 
I f  on th e  o ther h a n d  th e  m a jo rity  of th e  assim ila ting  o rg an s live in an en v iro n ­
m en t w ith  high ra d ia tio n  th en  it  is m ostly  C 0 2, an d  th e  various (physical- 
anatom ical) resistances re la ted  to  its  u p ta k e , th a t  p lay  th e  p a r t of lim itin g  
in  such cases, a m ore su itab le  basis for com parison  is p ro v id ed  by  leaf a rea , 
and  i t  is th e  s tru c tu re  form ed b y  th e  assim ila ting  o rgans th a t  should be 
analysed.

Ge s s n e r  (1949) w as th e  firs t to  call a tte n tio n  to  th e  fa c t th a t th e  v a rio u s 
(aquatic) p la n t associa tions, w ith  respect to  th e ir  ch lo rophy ll con ten t, are  
ra th e r  uniform . T he fa c t th a t  there  exists a m uch g re a te r  agreem ent b e tw een  
th e  chlorophyll c o n ten ts  of th e  various p la n t co m m u n ities  (calculated fo r a 
un it of area) th a n  th e re  is betw een  th e  various species is considered by  O d u m  
(1959) as a m an ife s ta tio n  of th e  association  hom eostasis , “ w here the  w hole is 
n o t only d ifferen t from , b u t  can n o t be exp la ined  b y , th e  p a r ts  alone. In  in ta c t  
com m unities, v a rious p la n ts , young and  old, sun lit and  shaded , are a p p a re n tly  
in teg ra ted  and  a d ju s t, as fu lly  as local lim itin g  fac to rs  allow , to  the incom ing  
sun energy, w hich, o f course, im pinges on th e  ecosystem  on a ‘square m e te r’ 
basis” .

I t  is bey o n d  d o u b t th a t  th e  recogn ition  of th e  ab o v e  facts by  Ge s s n e r  
an d  Odu m  has m a n y  perspectives even to d a y . A t th e  sam e tim e num ero u s 
m ethodological questio n s (for exam ple, th a t  of sam pling ) and more genera l 
questions of p rinc ip le  are  aw aiting  c la rifica tion  too. E v id e n tly , the com parison  
of th e  p igm ent c o n te n t of “ com m unities in  general”  w ith  th a t  of the  “ species 
in general”  is n o t enough. I t  is obvious th a t  th e  d iscussion  becomes m ore 
ex ac t if  we com pare su p ra in d iv id u a l an d  in d iv id u a l o rgan iza tions w ith in  one 
com m unity . T his is w h a t has been done in  our s tu d y . W e undertook  th e  ta s k  
of analysing th e  p ig m en t s tru c tu re  accord ing  to  s t r a ta  in  th e  stand  of a m u lti­
layered  association . I t  should  be n o ted  here th a t  in  exam ining w ith in  th e  
layers the  d is tr ib u tio n  of th e  p igm ents in  re la tion  to  one ano ther, our analysis 
refers a t  th e  sam e tim e  to  a so rt of — biochem ical s tru c tu re . As reg a rd s  
th is  s tru c tu re , we held  th e  view  th a t  since th e  p h o to sy n th es is  only tak es  p lace 
in  the  presence of all th e  p igm en t assem blage, th e re fo re , n o t only th e  ch lo ro ­
phylls b u t  also th e  caro teno ids m ay  be considered  as p a r t  of this s tru c tu re . 
(E v id en tly , s im ila r view s were held  b y  for exam ple V y a s —Y yas  1975 w hen  
th e y  analysed , besides th e  chlorophylls, also th e  v a rio u s  carotenoid co m p o ­
n en ts ; s im ilarly , accord ing  to  canopy  s t r a ta  — b u t  o n ly  on individual levels.) 
W e believe th a t  th e  defin iteness of th is b iochem ical s tru c tu re , and the ce rta in  
constancy  of its  p a ram e te rs  (concerning b o th  tim e  an d  space) m ust be necessary
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requ irem en ts for th e  v a lu es o f  th e  p aram eters of the m ateria l and the energy  
f lo w  to  rem ain n early  co n sta n t too .

I f  it can he d em on stra ted  at a supraind ividual le v e l th a t  th e ab ove-  
m en tio n ed  regulation  o f  th e p igm en t con centration s and p ig m e n t ratios w hich , 
e v e n  though  d ifferent b y  species and b y  individuals, h a v e  in c id en ta lly  com e  
a b o u t at individual le v e ls , th is m ay  m ean  th a t there is a k in d  o f  h om eostasis  
in  th e  p h otosyn th etic  sy stem  o f th e  co m m u n ity . It m ust be em p h asized , h ow ­
e v e r , th a t even if  th e  ex isten ce  o f such a hom oestasis is p o in ted  out it can  b y  
n o  m eans be an ad eq u ate  s tu d y  o f  h om eostasis , it  o n ly  m a y  in trod u ce it. 
T h e  analysis o f h om eostasis  is im p o ssib le  w ithout re p e titio n s  in tim e; th e  
h o m e o sta tic  m ech an ism s, w hich  are resp onsib le for the eq u ilib riu m , fu n ction  
in  tim e ; so do th e  variou s feedb ack  con tro l m echanism s (cf. R o s e n  1967).

L et us m en tion  here th a t th e  d eta iled  description o f  th e  com p lete  
v e r t ic a l p igm ent stru ctu re o f  th e m u lti-layered  forest w ill be g iven  in another  
s t u d y  (T u b a , 1977).

M aterial and m ethod

O ur exam inations w ere carried  ou t a t  S ík fo k ú t (N orthern  H u n g a ry , a t  th e  foot of the 
B ü k k  M ountain , 6 km  from  th e  to w n  of E ger), in  th e  m odel area of th e  “ S ík fokú t P ro je c t” 
(Quercetum  petraeae-cerris ecosystem  research ) d irec ted  by the B o tan y  D e p a rtm en t of the  
K o ssu th  L. U niversity  of D ebrecen . The p re se n t s tu d y  contains th e  a u tu m n  d a ta  o f th e  
1976 v eg eta tio n  year. T he exam in ed  fo rest is ab o u t 70 years old, of sp ro u t origin. The q u a lita ­
t iv e  d esc rip tion  of th e  s tru c tu re — firs t  of all on  th e  basis of p ro jective  c o v ers—Is given in the  
th e  p a p e r  by  J aku cs— H o r v á t h —K árász (1975). A ccording to the  p a p e r , th e  canopy lay er 
is fo rm ed  by two oaks (the  nam e-g iv ing  Quercus petraea , Qu. cerris). T he tre e  heigh ts are  in 
g e n e ra l betw een  15— 19 m. T h e  u p p e r canopy  covers 0.799 ha/ha; th e  tree s  do no t or h a rd ly  
in te g ra te  (average tree  cover X n u m b er of in d iv id u a ls ; 0.9414 ha/ha). T h e  sh ru b  lay er sep ara tes  
in to  tw o  layers: high and  low sh ru b  layers; these  co n sis t of 12 and 16 m ain ly  com m on species. 
T h e  u p p e r  shrub  layer is of 1— 5 m  h e igh t, th e  m o st freq u en t in i t  is C ornus mas and  Acer 
cam pestre. The lower sh rub  lay e r is below  1 m  in  i t  th e  m ost frequent is L ig u stru m  vulgare. The 
p ro je c tiv e  cover of th e  u p p e r sh ru b  lay er is 0.6640 h a /h a , while th a t  o f  th e  low er sh rub  layer 
is h a l f  o f it, 0.3028 h a /h a . T he in d iv iduals of the  u p p e r  shrub layer a re  m ore in teg ra tin g  th a n  
th o se  o f th e  trees; m u ltip ly in g  th e  canopy  cover o f an  average shrub b y  th e  n u m b er of in d i­
v id u a ls  re su lts  in g reater cover v a lues (1.3081 h a /h a )  th a n  in the case o f th e  canopy . Shrubs 
p r im a r ily  lie no t im m ed ia te ly  below  th e  trees  b u t  th ey  fill the in te rv a ls  b e tw een  the  trees , 
in s te a d . T he LA I of th e  fo res t is 8 h a /h a  ( ±  10% ) ( J akucs ex verb.).

In  accordance w ith  our a im , sam pling  was c a rried  ou t in two w ay s: fro m  th e  do m in an t 
species form ing the  lay er (in d iv id u a l level), an d  fro m  th e  m ixed sam ples (su p ra in d iv id u al 
leve l). T he dom inan t species exam in ed  were as follow s: Canopy lay er: Quercus cerris, Qu. 
petraea. Sh rub  layer: Acer ta taricum , Cornus mas. E uonym us verrucosus, L ig ustrum  vulgare. 
H e rb  level: Carex m ontana , M elica uniflora . T h ree  specim ens were chosen  from  th e  species 
e ach . Sam ples were ta k e n  fro m  th e  upp er, m iddle  a n d  lower of all th e  in d iv id u a l specim ens; 
re p re se n tin g  in th is w ay th e  v a rio u s  levels in  th e  sam ples in  their full h e ig h ts . A fu r th e r  v a r ia ­
tio n  o f sam pling  was th a t  sam ples were ta k e n  also w ith in  the  vertical “ sm all la y e rs” (for e x am ­
ple, m id d le  canopy layer), fro m  p a rts  m ore exposed  to  ligh t or more sh ad ed . In  th e  case of 
h e rb s  th e  upper, m iddle an d  low er v e rtica l “ sm all la y e r”  m eans those p a r ts  o f  th e  p la n t itself. 
O n th e  basis of the v iew po in ts m en tio n ed  before , 80 leaves were collected p e r  species in th e  
m o rn in g  hours and th e  leaves w ere im m ed ia te ly  p rocessed . One disc p e r lea f  was tak e n  for 
th e  p ig m e n t exam inations, w ith  a cork-crew  of 0.9 cm  diam eter. The p ig m e n t in v estig a tio n  
to o k  p lace  in four rep e titio n s p e r species, and  fro m  20 discs per re p e titio n . T he “ h a lf-lea f”
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m ethod  was used  for tak in g  th e  disc (Maróti— Sz a jk ó , 1972), and  fo r th a t  m a tte r  th e  m idd le  
p a r t  of th e  “ h a lf-lea f”  since th e  d is trib u tio n  of th e  p ig m en ts  changes fro m  th e  base of th e  le a f  
tow ards th e  apex . T he lea f rib s do no t co n ta in  p ig m en ts , therefo re , we m ostly  w orked w ith  
sym m etric  leaves so th a t  an  id en tica l q u a n tity  of lea f  rib s  could ge t in to  th e  various sam ples. 
F rom  th e  h e rb s w hich  could  n o t be used in discs, leaf-pieces o f 1— 1.5 cm area were ta k e n  
eq u iv a len t to  a b o u t a  circle of 0.9 cm in d iam eter.

F or th e  m ixed  sam ples, th e  following m eth o d  w as e lab orated . Sam pling  areas of 1 X 1 m  
in th e  herb  lay e r, 6 X 6 X 2 m  in the  shrub  lay e r, an d  7 X 7 X 10 m  in  the  canopy w ere 
m arked  (on th e  basis o f reaso n ab ility  and p ra c tic a b ility  considera tions). I t  is im p o rta n t t h a t  
th e  in d iv id u a ls  of th e  species m arked  for the in v es tig a tio n s  in th e  in d iv id u a l level h a d  to  be  
m arked  w ith in  th e  sam pling  areas of the  lay ers concerned  so t h a t  th ey  form ed an  o rg an ic  
p a r t  of th a t .  F o r th e  su p ra in d iv id u a l p igm en t in v estig a tio n s, lea f  sam ples were ta k e n  fro m  
all th e  species occuring  in th e  sam pling area , in  p ro p o rtio n  to  th e ir  percen tage cover; in  20 
discs of a rep e titio n , th e  v a rio u s species had  to h a v e  so m uch  share  (tak in g  a disc by  lea f)  
th a t  th is  figure  should  express th e  above ra tio . T he 20 discs collected in  th is  way were c ru sh ed  
and  th e  p ig m en t e x tra c t  o f th e  sup ra ind iv idual sam ples were p rep ared . T his again was re p e a te d  
four tim es.

The h erb  lay er sam ple  consisted of 11 species (Carex m ontana , M elica uniflora , F ragaria  
vesca, Lathyrus vernus , Heracleum sphondylium , G alium  schultesii, D actylis polygama, F estuca  
heterophylla , Quercus petraea  ju v ., Ligustrum  vulgare  ju v .,  Cornus m as  ju v .) , so did th e  sh ru b  
lay er sam ple (Cornus m as , Cornus sanguinea , E u o n ym u s verrucosus, E u . europaeus, Acer tatari- 
cum , A . campestre , Crataegus monogyna , Cerasus a v iu m , Clematis vitaiba , Quercus cerris, Qu. 
petraea), while th e  canopy  lay e r consisted of tw o  species (Quercus cerris and  Qu. petraea).

T he fresh  and  th e  d ry  w eights of th e  lea f  discs and of th e  h e rb  leaf specim ens w ere 
m easu red  in all cases. T he areas of the  la t te r  w ere m easu red  w ith  e lectron ic  l ig h t-p lan im e te r  
(Czellá r— P a p p , B. 1975).

T he e x tra c tio n  an d  th e  separation  of v a rio u s  p igm en ts w ere carried  ou t acco rd in g  
to  th e  m eth o d  of Ma ró ti— Ga bna i (1971), th a t  is w ith  th in -lay er ch ro m atography . T h e  p ig ­
m en t q u a n titie s  re la ted  to  1 g d ry  w eight w ere ca lcu la ted  from  th e  m easured  e x tin c tio n s  by  
m eans of the  e q u a tio n  of H a g e r—Mey e r  - B e r t e n r a t h  (1966).

In  th e  sam ples an a ly sed  by  m eans of th e  above  m ethod , each  of th e  repetitions is c h a ra c ­
terized  b y  the  q u a n tita tiv e  spec trum  of th e  six  p igm en ts. T he rep e titio n s w hich be longed  
to g e th e r —  4 in  each of th e  cases — were co m p ared  in pa irs to  de term ine  their s im ila rity . 
T he E u clid ean  d istan ce , ca lcu la ted  on the  basis o f th e  norm alized  v ecto rs, th a t is th e  chord  
d istance  w as used , w hich , betw een repetitions j  an d  к  is

c(j ,  k)  -  [2(1—qjk)IŸ(qjj ■ ta )!1/2

where qjk =  SJxhj ■ x hk; h
qjj — JL x~hj a n d  9/f/c =h h

here, h =  1, . . .  6, th e  va rio u s p igm ents an d  х/г: th e  co n cen tra tio n  of p igm ent h, in re p e tit io n  j  
( O r l ó c i  1967).

T h e  p ig m en t sp ec tra  of th e  various re p e titio n s  were an a ly sed  also by m eans o f th e  
Sh a n n o n — W e a v er ’s fo rm ula  of in fo rm ation  th eo ry ;

H' =  — 2 7  Pi b g zPh
h

an index , sensitive  to  th e  re la tiv e  ra tio s o f th e  v a rio u s com ponen ts, w hich has gained  g ro u n d  
in ecology an d  w hich is su itab le  for m easu ring  th e  d iversity  in  th e  ch aracteris tics we are 
concerned w ith . H ere  we estim a te  p t by  m eans of th e  re la tiv e  co n cen tra tio n s of th e  in d iv id u a l 
p ig m en t com ponents d e te rm in ed  in one rep e titio n .
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R esu lts and d iscu ssion  

Chlorophylls

F irs t th e  hom o g en eity  of ch lorophylls will be exam ined  because of th e ir  
c e n tra l  role in th e  m echan ism  of p h o to sy n th es is . For th is  we use th e  values 
o f  s ta n d a rd  d ev ia tio n  (T able 2) ca lcu la ted  from  the  ch lo rophy ll co n cen tra tio n s 
o f th e  rep e titio n s, in  m g/g  (for th e ir  av erag e  values see T ab le  1).

In  the  can o p y  lay e r, th e  s ta n d a rd  dev ia tio n s of th e  ch lorophyll com po­
n e n ts  of th e  m ixed sam ples, and  of th e  q u a n t i ty  of to ta l ch lo rophy ll c o n te n t, 
ta k e  a m edium  p o sitio n  be tw een  th e  co rrespond ing  v alues o f th e  tw o  oak  
species, on th e  basis o f th e  four re p e titio n s . T h e  canopy lay e r itself, n e v e rth e ­
less, reflec ts  a ra th e r  s tab le  p igm ent lay e r, in  com parison w ith  the  tw o low er 
lay e rs .

In  th e  sh rub  la y e r, th e  levels o f b o th  th e  ch lorophyll-a  and  th e  to ta l  
ch lo rophy ll of th e  m ixed  sam ples are  well ad ju sted . H ow ever, the  s ta n d a rd  
d ev ia tio n s  of ch lo rophy ll-b , in  th e  case of A cer tataricum  an d  E u onym us verru­
cosus., rem ain  below  th e  values of th e  m ixed  sam ples ta k e n  from  th e  sh ru b  
lay ers .

The herb lay er is defin ite ly  hom ogeneous sup ra in d iv id u a lly , considering 
its  ch lorophyll co n c e n tra tio n  in com parison  w ith  th a t  o f th e  species. T he 
s ta n d a rd  d ev ia tion  va lu es  of th e  layer fo rm in g  species in th e  canopy lay er 
a re  sm alle r th a n  tho se  in  th e  shrub  layer or herb  layer. The cause of th is  can  
be found  in th e  fac t th a t  th e  ligh t co n d itions in the canopy  lay e r are m ore 
u n ifo rm  th a n  those  in  th e  lower layers, w here  th ey  are m ore ex trem e. As a 
re su lt, chlorophyll h om ogene ity  in th e  tw o  low er layers m an ifests  itse lf re la ­
tiv e ly  m ore stro n g ly  a t  th e  su p ra in d iv id u a l levels. P resum ab ly , i t  is a k in d  of 
com p en sa tio n  for th e  f lu c tu a tio n  in ligh t.

Chlorophylls and carotenoids

Besides th e  tw o ch lorophylls, th e  fo llow ing pigm ents w ere determ ined  
b y  m eans of the  th in -la y e r ch ro m ato g rap h : ca ro ten e , lutein and  a n th e ra x a n th in  
to g e th e r , v io lax an th in , an d  n eo x an th in  (T able 3).

B y  th e  E uc lidean  d istances (chord d is tan ce , cf. Table 4) th e  hom ogeneity  
o f th e  sam ples was e s tim a te d  as follows; th e  sm aller the d istance , the  g rea te r 
th e  resem blance, th a t  is hom ogeneity .

In  a com parison betw een  th e  species o f th e  th ree  layers, th e  tw o species 
o f th e  canopy  lay er excell w ith  respect to  th e  well-fixed p ig m en t s tru c tu re  
h av in g  only  slight d ev ia tio n s in th e ir re p e titio n s . In  the shrub  lay e r, Ligustrum  
(h av in g  leaves up  to  la te  w in te r tim e), w hich  is ever-green in  n a tu re , is th e  
m o st un ifo rm , and  again  th e  p igm en t s tru c tu re  of Acer tataricum  is th e  m ost 
v a r ia b le . I t  should be n o te d  th a t  the  b a n d  in  w hich L igustrum  develops its
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Table 1

Chlorophyll concentration in  dom inant species 
and in  m ixed sam ples o f  various strata o f  forest studied , 1976. 

( Averages o f  4 repetitions)

Chlorophyll a Chlorophyll b 

mg/g

Chlorophyll 
a +  b

U pper canopy:

Quercus cerris 0.979 0.297 1.276

Quercus petraea 1.214 0.591 1.806

M ixed sample 1.196 0.393 1.589

Shrub layer:

Acer tataricum 0.621 0.624 1.245

Cornus mas 0.344 0.688 1.032

Euonym us verrucosus 1.185 1.669 2.827

Ligustrum  vulgare 3.171 4.313 7.484

M ixed sample 0.335 0.704 1.040

H erb layer:

Car ex montana 3.687 2.336 6.023

M elica uniflora 5.693 3.431 9.124

M ixed sample 3.309 1.167 4.476

Table 2

Concentrations o f carotenoids in  dom inant species 
and in  m ixed sam ples o f  various strata o f  forest studied. 1976. 

(Average o f  4 repetitions)

Carotene
L utein  +  

antheraxanth in Violaxanthin Neoxanthin

mg/6

U pper canopy:

Quercus cerris 0.210 0.274 0.049 0.063

Quercus petraea 0.241 0.319 0.161 0.121

M ixed  sample 0.272 0.300 0.122 0.086

Shrub layer:

Acer tataricum 0.468 0.479 0.234 0.243

Cornus mas 0.325 0.560 0.228 0.145

E uonym us verrucosus 0.684 0.887 0.396 0.424

Ligustrum  vulgare 0.224 0.563 0.550 0.270

M ixed  sample 0.647 0.451 0.501 0.287

H erb  layer:

Carex montana 0.964 1.245 0.834 0.558

M elica uniflora 1.545 2.176 0.852 0.975

M ixed  sample 0.283 0.551 0.403 0.256
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T ab le  3

Standard  deviations o f values o f  chlorophyll concentrations

Chlorophyll a Chlorophyll b Chlorophyll 
a +  b

U pper canopy :

Quercus cerris 0.102 0.010 0.096
Quercus petraea 0.167 0.224 0.284
M ixed  sam ple 0.156 0.172 0.196

Shrub  lay er:

Acer tataricum 0.291 0.075 0.259
Cornus mas 0.263 0.195 0.433
E uonym us verrucosus 0.396 0.091 0.460
Ligustrum  vulgare 0.416 0.824 1.066
M ixed  sample 0.089 0.189 0.226

H erb  lay er:

Carex montana 2.963 1.386 4.339
Melica uniflora 2.496 0.980 2.188
M ixed  sam ple 0.732 0.274 0.914

T ab le  4

The average values o f  chord distances between the repetitions 
o f  various ( ind iv idual, su p ra in d iv id u a l) samples. 

(A verages o f 6 — 6 pa ir-w ise  com parisons)

U p p er canopy:

Quercus cerris 0.1050
Quercus petraea 0.1970
M ixe d  sample 0.0981

S hrub  layer:

A cer tataricum 0.4535

Cornus mas 0.2607

E u o n ym u s verrucosus 0.3315
L ig u stru m  vulgare 0.1398
M ixe d  sample 0.5624

H e rb  layer:

Carex montana 0.3044
M elica  uniflora 0.3829
M ixed  sample 0.1335
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canopy  is m uch n a rro w er (lower sh rub  layer) th en  th a t  o f th e  1 5  m  high 
Acer ta taricum , and  th a t  th e  lig h t en v iro n m en t of th e  fo rm er is m ost p robab ly  
m ore un ifo rm .

C onsidering th e  p ig m en t hom ogeneity  of th e  m ixed sam ple of th e  canopy 
layer, i t  surpasses even  th a t  of Quercus cerris, even th o u g h  th is  is v e ry  hom o­
geneous.

N o t th e  sam e can  be  said of th e  sh rub  layer. In  th e  low est lay e r, a k ind  
of d efin ite  un ifo rm ity  re-estab lishes itse lf; th e  rep e titio n s of th e  m ixed  sam ple 
are v e ry  sim ilar to  each  o ther, th e  d istance  is m ore th a n  double , even in 
Carex montana, of th e  m ixed  sam ple (T able 4).

T he values of p ig m e n t d iv e rs ity  m ove in a ra th e r  w ell-definable in te rv a l 
(Table 5); it  is only th e  low d iv e rs ity  v a lue  of L igustrum  th a t  is conspicuous; 
i t  is exp lainable  b y  th e  ex trem ely  h igh  chlorophyll co n ten ts . On th e  basis of 
th e  s ta n d a rd  dev ia tio n s of p igm en t d iversities (Table 6) a d efin ite  un ifo rm ity  
can be estab lished  in  a ll th ree  layers of th e  com m unity . The s ta n d a rd  dev ia tion  
values of p igm ent d iv e rs ity  in  th e  su p ra in d iv id u a l sam ples are sm aller in  each 
of th e  layers th a n  th o se  of th e  species fo rm ing  th e  layer. In  com parison  w ith  
th e  com ponents (species), th e  p ig m en t d iv ersity  of th e  herb  lay e r is th e  m ost 
s tab le . I t  can be s ta te d  th a t  th e  re la tiv e  abundancies of th e  six  p igm ents, 
w ith  th e  s tan d a rd  d ev ia tio n s of th e ir  d iv e rs ity  values betw een  0.034 an d  0.182, 
re flec t a m ore s tab le  s itu a tio n  th a n  do th e  chlorophylls w ith  th e ir  s ta n d a rd  
d ev ia tio n  values b e tw een  0.010 an d  4.339. In  th e  case of th e  to ta l  p igm ents

T ab le  5

The values o f  p igm ent diversity. 
( Averages o f  4 repetitions)

U pper canopy:

Quercus cerris 1.964

Quercus petraea 2.108

M ixed  sample 2.033

Shrub layer:

Acer tataricum 2.410

Cornus mas 2.374

E uonym us verrucosus 2.349

Ligustrum  vulgare 1.807

M ixed  sample 2.396

H erb layer:

Carex montana 2.315

M elica uniflora 2.221

M ixed  sample 1.896
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T ab le  6

S ta n d a rd  deviations o f  values o f  p igm ent diversity

U p p er canopy:

Quercus cerris 0.102

Quercus petraea 0.053

M ixe d  sample 0.043

Shrub  layer:

A cer tataricum 0.135

Cornus mas 0.077

E uonym us verrucosus 0.074

Ligustrum  vulgare 0.118

M ixe d  sample 0.056

H erb  layer:

Carex montana 0.182

M elica uniflora 0.135

M ixe d  sample 0.046

also , th e  level of th e  p ig m en ts  in  th e  canopy  s tra tu m  is m ore defin ite , in  
com parison  w ith  th o se  o f  the  tw o lower layers.

I f  therefore  we do n o t a ccen tu a te  th e  in d iv id u a l com ponen ts — as is 
done in  the case o f th e  chord  d istance  and  consider only  th e  changes in 
p ig m en t d is trib u tio n , th e n  th e  hom ogeneity  can he d e tec ted  in all th e  th ree  
s t r a ta ,  th a t  is in  th e  sh ru b  layer as well. The g rea te r hom ogeneity  of the  supra- 
in d iv id u a l sam ples, in  com parison  w ith  th e  in d iv id u a l ones, in  th e  canopy  
a n d  th e  herb layer, w as caused  b y  th e  nearly  iden tica l ra tio s  of th e  six com po­
n e n ts . The cause o f s im ila r ity  is iden tica l w ith  th a t  of th e  d iv e rs ity  values. 
F o r  th e  tim e being, i t  is d ifficu lt to  explain  th e  increased  hom ogeneity  the  
sup ra in d iv id u a l p ig m en t d iv e rs ity  in  th e  shrub  layer; in  th e  four repetitions 
o f th e  sup ra in d iv id u a l sam ples, th e  p igm ent ra tio s are d ifferen t, w hich results 
in  a re la tive ly  high av erag e  d istance , while a t th e  sam e tim e  th e  d iversitv  
v a lu es  continue to  re m a in  a t n early  iden tica l levels. I t  w ould b ring  us nearer 
to  th e  solution of th e  q u estio n  if  we knew  the  species d iv e rs ity  s tru c tu re  of 
th e  com m unity  and  its  lay e rs ; Ma r g a l e f , for exam ple , considers th a t  the  
species d iversity  an d  c e r ta in  — supra in d iv id u a l b iochem ical d iversities 
(accord ing  to  him  sim p ly  th e  caro teno id -ch lo rophy ll ra tio ) are  corre la ted . So 
fa r  v e ry  few in v estig a tio n s have been carried  out in th is  line, w ith  respect to  
te r re s tr ia l  com m unities a lm o st n o th in g  has h appened . A n excep tion  is the

* I t  is im p o rtan t to  n o te  th a t  even  th o u g h  we in princip le agree w ith  th e  im portance 
of th e  caro teno id /ch lo rophy ll ra tio , th e  D i30/D mi ra tio  (D  =  o p tica l den sity ) recom m ended 
by M a r g a l e f , cannot be a cc ep te d  for th e  e stim a tio n  of d iversities, for reasons m entioned  by 
W i n n e r  (1972) and also b ecau se  of o th e r objections.
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p h y to p la n k to n  w hich is m ethod ica lly  easier to  he an a ly sed  (Margalef  1958, 
1963 ,1964 ,1965 ; A n t ia  e t al. 1963, W i n n e r  1969, H a l l e g r a e f f  1976a, b) an d  
th e  lab o ra to ry  m icrocosm os (Cooke  1967). F o r the  expression  of the  changes 
in co m m unity  s tru c tu re  (which ensues u n d e r the  effect of the  changes in  
ligh t conditions o f th e  p h y to p lan k to n ), M cI n t ire  T i n s l e y  Lo w ry , 1969, 
consider th e  d iv e rs ity  o f fa tty  acids m ore su itab le  th a n  p igm ent d iv e rs ity . 
O d u m ’s artic le  (1969), w hich is so often  q u o ted , also calls a tten tio n  to  such  
b iochem ical d iversities.

L et us no te  here  th a t  the  ca ro teno id /ch lo rophy ll ra tio  shows th e  sam e 
p a tte rn  as th e  ch o rd  d istances; th e  su p ra in d iv id u a l sam ple  is more u n ifo rm , 
in  th e  u p p erm o st an d  low erm ost layers, th a n  are th e  ind iv idual sam ples, 
w hereas th is  does n o t  refer to  those in th e  sh rub  layer.

F rom  our re su lts  we can infer th a t  th ere  ex ists such  a regulation  a t  th e  
su p ra in d iv id u a l level w hich hom ogenizes — in  accordance w ith  the  cond itions 
and  req u irem en ts  o f  th e  com m unity  o rgan iza tion  th e  p igm ent s tru c tu re  
b u ilt  up  on th e  in d iv id u a l levels. I t  is p lausib le th a t  in  th e  levels o rgan ized  
from  m an y  species an d  trea ted  un ifo rm ly  by  the en v iro n m en t w here th e  
w hole scale of lig h t-a d a p te d  leaves an d  sh ad e-ad ap ted  leaves of all th e  species 
p resen t w ith  all th e ir  tran sitio n s — are p resen t b y  a tho rough ly  “ desig n ed ” 
ra tio , th e  re la tiv e  ra tio s  of th e  v a rio u s p igm ents are  of a more p rec ise ly  
fixed  value th a n  th e  ones belonging to  th e  various species. H ow ever, th e  layers 
of th e  m u lti-lay e red  co m m unity  do n o t — in m any  resp ec ts  — behave id e n ti­
cally. I t  seems th a t  th e  low est layer o f th e  forest, th e  herb  layer is th a t  w here 
th e  hom ogenizing e ffec t of the  su p ra in d iv id u a l o rg an iza tio n  is the  s tro n g e s t. 
One probab le  reaso n  for th is is to  be found  in th e  reac tio n  of th e  p ig m en t 
system s w hich are  sensitive  near th e  ligh t m in im um . O n th e  o ther h an d , it  is 
possible th a t  th e  h e rb  layer, hav ing  m an y  species, to le ra te s  the daily  s tro n g  
lig h t-f lu c tu a tio n  in  th is  w ay. F rom  th e  v iew points o f sam pling also, th e  herb  
level is a m ore fav o u rab le  o b jec tu m : i t  is com posed o f m any species, m ore 
com pact th a n  th e  diffuse shrub lay e r w hich is d ifficu lt to  be sam pled . T he 
stab leness of th e  p ig m en t s tru c tu re  of th e  fo rest-herb  layer (bu t, if  n o t so 
defin ite ly , th a t  o f th e  canopy layer) ind ica tes th e  presence of hom eostasis  
reg u la ted  su p ra in d iv id u a lly . The im p o r ta n t details o f  th is  need to  be c la rified  
by  p lann ing  su ita b le  tim e-dynam ic  in v estiga tions (d e lim ita tion  of th e  period  
of hom ogeneity  g rea te r  a t  su p ra in d iv id u a l th a n  a t  ind iv idual level e tc .), 
and  b y  a causal analysis of th e  reg u la tio n  m echanism .
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ALGAL SPECIES DIVERSITY IN TWO 
EUTROPHIC FISHPONDS

P A R T  II . O T H E R  T H A N  S P E C IE S -IN D IV ID U A L  L E V E L S

By

L.  H a j d ú

BOTANICAL D EPA RTM EN T OF TH E  N A TU RA L HISTORY MUSEUM, BUDAPEST 

(R eceived M ay 20, 1977)

Our d iversity  p ro g ram m e ru n  by  m eans of a set of h y p o th e tica l d a ta  has con­
firm ed  th a t  a g reat n u m b er of our ind ices a re  very  sensitive to  sam ple size, th u s  th ey  
are  unsu itab le  for algological purposes. In  our fu rth e r researches, only H ", J  an d  S 
w ill be used. The v o lu m e tric  biom ass of th e  various algal species will be g iven  in  the  
p re se n t s tudy . D iversities calcu la ted  from  th e  indiv idual and  fro m  volum e d a ta  co rre la t­
ed w ith  each o th er in  th e  non-fertilized  fishpond , while in  th e  fertilized  one th ey  did 
n o t. T he la tte r  phenom enon  is due to  th e  lower evenness a n d  e q u ita b ility  (J  and  e) — 
p rim arily  to the sa lien t d a ta  of th e  ab so lu te ly  dom inan t species. T he d iversity  co m p u ted  
fro m  th e  volum e d a ta  ap p ears  to  lag beh in d  its  possible m ax im u m  even m ore th a n  th a t  
experienced  in th e  in d iv id u a l d a ta ;  th is  ten d en cy  is m ore p ronounced  in  th e  fertilized  
lake . T he fishponds are  rich  in genera  (2.3 infrageneric ta x a  fa ll to one genus, on 
average), therefore, th e  d iversity  on genus level did no t s ign ifican tly  differ from  th a t  
of th e  species. On d iv ision  level, how ever, th e  loss of in fo rm a tio n  is indeed s ig n ifican t. 
I t  was only th e  Chlorophyta d ivision w hich  was alw ays q u a n tita tiv e ly  d o m in a n t, the  
species d iversity  of w hich  corre lated  sign ifican tly  w ith th a t  o f to ta l  algae.

In  P a r t  I of th e  series ( H a j d ú  1976), we exam ined  th e  d iv ers ity  in  tw o fish ­
p o nds on species-indiv idual level. In  P a r t  I I ,  we shall now ex am ine  some o th e r d iv ers ity  
p rob lem s, viz.: sen sitiv ity  of th e  used  indices to th e  sam ple size; co rre la tions be tw een  
d iversities calcula ted  on the  basis of n u m b er of specim ens pe r species an d  of volum e 
p e r species; p a r ti t io n  of th e  d iv ers ity  to  som e taxonom ic levels; re la tio n sh ip  be tw een  
th e  d iversity  of in d iv id u a l divisions a n d  th a t  of the  to ta l a lgaflo ra .

M ethods

T he q u a n tita tiv e  p la n k to n  d a ta  serv ing  as a basis for th e  a rtic le  have a lread y  been 
given in  a n  earlier pu b lica tio n  ( H a j d ú  1974). W hen  com puting  th e  d iv ers ity , we endeav o u red  
to  follow  th e  usual sym bols: H "  — S h a n n o n  m easure  of d iv ers ity , H  — B r i l l o u i n  m easure  
of d iv e rs ity , J  — evenness, S  —  n u m b er of species, etc. Some o th e r  sym bols hav e  also been 
used ; fo r exam ple, evenness com puted  on th e  basis of th e  various equ atio n s is d en o ted  J \ ,  J 2, 
J 3, J:j* I t  would have been too  volum inous to  re p ea t th e  equ atio n s here  again , there fo re , we 
only re fe r to the  collection of eq u ations fu rn ish ed  in P a r t  One ( H a j d ú  1976).

W hen  I carried o u t th e  q u a n tita tiv e  c o u n t, I  did no t know  y e t th a t  our im age of the  
c o m m u n ity  s tru c tu re  w ould be dep en d en t on  sam ple size. I f  we increase th e  sam ple  size 
(by co u n tin g  more in d iv iduals un d er th e  in v e rted  m icroscope), th e n  th e  n u m b er of species 
increases, while the  evenness decreases co n tin u a lly .

P a r t  of the  changes occurring  in th e  d iv ers ity  as a re su lt o f  th e  above phen o m en o n  is 
due to coun ting  a rtifac ts , b u t  th e  range of changes is considerab ly  w ider th a n  th e  one caused 
b y  th is  error.

T here  are two w ays of avoiding th e  above error, viz. by  using  s ta n d a rd  sam ple  sizes, 
or by  P i e l o u ’s subsam plinganalysis . I f  we consis ten tly  co u n t in  each sam ple fo r  exam ple 
1000 a lga l indiv iduals, th e n  th e  p ro p o rtio n  b e tw een  the o v e restim atio n  of the  com m on species 
an d  th e  u n d erestim atio n  of th e  ra re  species will decrease considerab ly . P i e l o u ’s  m ethod  
req u ire s  essentially  m ore w ork  th a n  th is  ( P i e l o u  1966, 1975; L l o y d , I n g e r , K i n g  1968). 
W e h a v e  to  increase th e  sam ple  size (N ) co n tin u a lly , th a n  d iv e rs ity  (H ") is to  be  p lo tte d  as
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a function  of sam ple size. In itia lly , H "  rap id ly  increases because of new  species en te rin g  th e  
process, b u t  la te r on , new  species are ever m ore seldom  to be found . I t  is ab o u t a t  th is stage 
th a t  H "  has its  m ax im u m , and  from  now on i t  decreases. T his is so because evenness (J ) 
decreases; d isp ro p o rtio n a te ly  m ore of the  d o m in a n t species can  be d e tec ted ; it is easier to  
f in d  new ra re  species th a n  new  ind iv iduals belonging to  th e  reco rded  ra re  species.

In  some sam ples, w e carried  o u t P i e l o u ’s analysis a fte rw ard s , and  we found  th a t ,  
b y  counting  up  to  700— 1500 ind/sam ple  to ta l  algal n u m b er (IV), we were a lready  a t  th e  d eclin ­
ing b ran ch  of th e  d iv e rs ity  curve. As fa r as I  know , no such analysis h a s  as y e t been carried  
o u t in algae. Since in  th e  techn ica lities of our m eth o d  th ere  is som e dev ia tio n  from  th a t  of 
P i e l o u , we th in k  it  is w orth w h ile  to  describe ours b riefly . W hen co u n tin g  by m eans of th e  
in v erted  m icroscope, each  o f th e  ind iv iduals is reco rded  on th e  co u n tin g  sheet w ith  a sm all 
d a sh  in th e  row  of th e  g iv en  species, as is usual. A m ere change in  com parison w ith  th e  t r a ­
d itio n a l m ethod is t h a t  th e  co un ting  carried  o u t an d  recorded  w ith  resp ec t to a v isual area  
o f th e  eutrophic  w a te r  is closed by a b a r in  re la tio n  to  ab o u t each  of th e  visual areas, while 
on  th e  rig h t-hand  side o f th e  b a r  we w rite  th e  cu m u la tiv e  nu m b er o f th e  indiv iduals (it is th e  
sum  to ta l of th e  n u m b er o f  ind iv iduals observed  in  th e  given species exam ined up  to  th a t  
tim e). From  th e  m ore longer series of th e  cu m u la tiv e  num bers ( th e  species list increases), 
w hich  consists of in creas in g ly  g rea ter figures, d iv ers ity  is com p u ted  again  and again. T h en  
w e continue counting , b u t  th e  recording b a rs a re  now  w ritte n  on th e  r ig h t-h an d  side o f th e  
la s t  row  of figures. A fte r sc ru tin iz in g  th e  v isual a reas, we close th e  shee t again  and co m pute  
th e  d iversity  again. T he h ig h es t H "  value is accep ted  as ch arac te ris tic  of th e  co m m unity . 
A  g rea t help in  our w o rk  can  be a p rogram m able  po ck et ca lcu la to r; while sittin g  by  th e  
m icroscope, we can co m p le te  the  m ass of d iv e rs ity  calcu la tions w ith in  a few m inu tes. 
L abour-consum ing m icroscopica l counting  can be sp a red  in th is  w ay , since as soon as d iv e r­
s ity  tu rn s  in to  p e rs is ten t decline, we can  stop  coun ting . U sing a larg e r co m p u te r for th is p u r ­
pose  w ould be ra th e r  tim e-co n su m in g . A larger co m p u te r is needed indeed  only if fu rth e r d a ta -  
processing  (c lassification , o rd in a tio n , etc.) is p lan n ed . A program m e p rep ared  for Texas SR  
56 ca lcu la to rs is av ailab le  on  request.

Dr. P .  J u h á s z - N a g y  h a s  been so k ind as to call m y a tte n tio n  to  th e  fact th a t  com puting  
th e  a rith m etic  m ean, a n d  B r a v a i s ’s estim a tio n  of th e  corre lation  be tw een  these indices, 
fro m  d iversity  values fro m  th e  ingred ien ts of d iv ers ity  is n o t w ith o u t p roblem s. The cause of 
th is  has already been s ta te d  b y  L l o y d  and  G h e l a r d i  (1964): “ H ow ever, since b o th  H (s) and  
M (s)  are on a scale of 4b its  o f  in fo rm atio n  pe r in d iv id u a l’, something a k in  to a logarithmic scale, 
i t  does no t seem ap p ro p ria te  to  com pare th em  by  m eans of a ra tio .”  (I ta lic s  by the  au th o r.)  
B y  tak in g  th e  average o f v a lu es on  a logarithm ic scale, we u n d e re s tim a te  th e  real m ean: 
p ro b a b ly , the  m ode is m ore  a p p ro p ria te  to be used , in stead . In  th e  few  cases I have exam ined , 
m ean  an d  mode were fa irly  n e a r  to  each o ther; th e  e rro r does no t seem  too  considerable. The 
m ean  is nevertheless a p p ro p ria te  for providing in fo rm atio n  in  the  case fo r exam ple, of e v a lu a t­
ing a h istogram . In  th e  p re se n t w o rk  we did no t tak e  the  averages from  th e  indices in the  tab les. 
In  th e  lite ra tu re , how ever, th e  averag ing  of the  d iv ers ity  values is f req u e n tly  described: for 
ex am p le , in  M a c A r t h u r  (1965), P i e l o u  (1966), L l o y d  (1968), G o l d m a n  (1970), E g l o f f —  
B r a k e l  (1973), M oss (1973). C alcu lation  of linear co rre la tions is allow able only in th e  case 
o f m easured , norm ally  d is tr ib u te d  d a ta , b u t, in sp ite  of th is , i t  is o ften  carried  ou t ( E l o r a n t a  
1976, H a j d ú  1976), or even  if  n o t  calcu la ted , th e  co rre la tio n  d iagram  is pub lish ed  (for exam ple, 
P i e l o u  1966, H  p lo tte d  v e rsu s  J ) .  In  th e  p resen t w ork, S p e a r m a n ’s  ra n k  corre lation  (R ) 
is u sed  in stead  of B r a v a i s ’s corre la tion . Significance is denoted  as follow s: *  *  0 .1% ,

*  1% , *  5 % , N . S .:  non-sign ifican t.
F o r com paring th e  v a rio u s  d iversities, here again  th e  sim plest m eth o d  is used, i.e. 

th e  com parison  of th e  v a lu es o f indices. I t  we in ten d ed  no t m erely to  com pare  the  differences 
in  th e  com plexity  of th e  tw o  s tru c tu re s , b u t a t th e  sam e tim e we should like to  consider also 
th e  s im ilarity  of species lis ts , th is  w ould require  a m ore com plicated  m eth o d ; for exam ple 
to  ca lcu la te  Hdiff ( M a c A r t h u r  1965, M a c A r t h u r  e t al. 1966) or R 0 ( H o r n  1966) etc. R esults 
o f such  of investigations w ill be g iven  in  th e  n ex t a rtic le  of th e  series.

W e w anted  to su p p le m e n t th e  earlier d iv ers ity  va lues calcu la ted  on th e  basis of ind i­
v id u a l species num bers (Н\\ndspec) w ith  those calcu la ted  from  biom ass (Hvolspec)- A fter 
m icroscopic m easurem ents, a lga l m odels were p rep ared ; while im m ersing  th e  m odel in w ater 
th e  vo lum e of algae was d e te rm in e d ; in algae the  form  of w hich  could be ap p ro x im ated  by m eans 
of sim ple geom etric bodies, th e  vo lum e was d e term ined  by calcu la tions. B y  tak in g  the algal 
specific  w eight uniform ly as 1.000, th e  volum e was calcu la ted  for fresh  w eigh t where 1 m m 3 =  
=  109 ^ m 3 =  1 mg. The av erag e  y early  volum e of th e  va rio u s species is g iven  in Table 3. 
B y  m u ltip ly in g  the  ind /cm 3 v a lu es of th e  earlier (H ajdú  1974) d a ta  m a tr ix  w ith  the  volum e 
d a ta  one by  one, th en  th e  m a tr ix  contain ing  th e  volum e d a ta  is o b ta ined . T his has served 
as a basis for Hyolspec calcu la tio n s.
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R esu lts

1. Sam ple  size dependency o f some indices in the algological practice

In  th e  f ir s t  a rtic le  o f  th is  series (H a jd ú  1976) i t  was s ta ted  th a t  th e  
values of som e indices w ere  in  ag reem en t u p  to  tw o to  fo u r decim al p laces; 
if we consider also th e  v a rian ce  th en  th e se  values a re  p rac tica lly  id en tica l 
( I I  w ith  H ", R \-n )-T h is was a t tr ib u te d  to  th e  g rea t n u m b er of algal in d i­
v iduals. T h e  vol/cm :t d a ta  were ab o u t te n  tim es g re a te r  th a n  th e  in d /cm 3 
d a ta , an d  th e n  the ag reem en ts  were even  m ore p ro n o u n ced . P ie l o u  (1975) 
w rote th a t

lim  H  = H "  and  H "  —  H  >  0
m in (nj) —► со

I t  seem ed how ever t h a t  th e  ag reem en t is s ig n ifican t even in th e  n y d a ta  
occurring  also in p rac tice . In  order to  check  th is , th e  program m e was ru n  b y  
m eans of a se t of h y p o th e tic a l d a ta  (T able 1). T he re su lts  are given in  T ab le  2.

T a b le  1
E igh t artific ia l sam ples fo r  testing the sam ple size dependence o f the indices

No. N um ber of individuals per species

1 6, 2, 1, 1

2 3, 2, 2, 2, 1

3 60, 20, 10, 10

4 80, 9, 5, 2, 1, 1, 1, 1

5 640, 152, 84, 59, 4, 4, 4, 4, 4, 4, 3, 3, 3, 3. 3, 3, 3, 3, 2, 2, 2, 2, 2, 1, 1, 1,
1, 1, 1, 1

6 210, 200, 200, 200, 190

7 6400, 2000, 1200, 310, 40, 20, 10, 8, 6, 2, 2, 1, 1

8 82346,12468, 3312,1214, 254, 123, 86, 82, 73, 12, 8, 7, 6, 2, 1, 1, 1, 1 ,1 ,
1, 1

T a b le  2
Som e characteristic indices obtained after the run o f  the f ir s t  set o f  data. 

H " a n d  .1 [ are mostly independent o f  sam ple  size

No. S H " v a r  H " « J, J» j .

l 4 1.5710 0.3129 1.1601 0.78548 0.33297 0.77134 2.2449

2 5 2.2465 0.4415 1.6530 0.96749 0.86300 0.96795 1.0868

3 4 1.5710 0.0299 1.4800 0.78548 0.75596 0.77873 0.74019

4 8 1.1649 0.0430 1.0413 0.38831 0.24717 0.37259 0.18024

5 30 1.9180 0.0077 1.8553 0.39087 0.34692 0.38671 0.33565

6 5 2.3212 0.0043 2.3018 0.99969 0.99969 0.99969 0.99968

7 13 1.4809 0.0003 1.4768 0.40019 0.39731 0.39986 0.39672

8 21 0.90984 0.0000 0.90916 0.20714 0.20649 0.20706 0.20636
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Table 3

Average volum e o f the algal species to be fo u n d  in the fish p o n d s :
/ im 3/ind iv idua l (n o  designation) ; p m 3/col. (w ith  colony); p m 3'/fii. (filam en tous)

Algae Volume,
/<m3 Algae Volume,

//m 3

Achroonema macromeres Skuja/fil. 600 P . pseudonordstedtii Pochm . 2 800
A nabaena circinalis R ab h ./fil. 1 500 P. p y ru m  (E hr.) Stein 3 200
A nabaena flos-aquae (L y n g b .) B réb./ Trachelomonas dybowskii D rez. 1 2 500

га. 1 000 T . planctonica  Swir. 2 500
Aphanizom enon issatschenkoi (Ussacz.) T . planctonica  var. vermiculosa

P r. L ./fil. 2 000 B alech. 9 000
Chroococcus turgidus (K g.) Naeg./col. 3 000 T. scabra Playf. 3 500
Gomphosphaeria lacustris Chod./col. 150 T. sim ilis  Stokes 4 000
Lyngbya  circumcreta G. S. W est/fil. 200 T . verrucosa var. granulosa  (P layf.)
L . epiphytica  H ieron./fil. 80 Conr. 900
L . lim netica  Lem m ./fil. 240 T . volvocina Ehr. 500
M erism opedia marssonii Lem m ./col. 400 T . volvocinopsis Swir. 1 500
M . tenuissim a  Lem m ./col. 400 Trachelomonas sp. 2 000
M icrocystis aeruginosa K iitz ./co l. 16 000 A m phora ovális K iitz. 4 000
M . elachista f. planctonica  G. M. Anomoeoneis sphaerophora (K iitz .)

Sm ith/col. 600 P fitz . 3 000
M . flos-aquae  (W ittr .)  K irchn./col. 5 000 A ttheya zachariasi j .  B run 2 200
M . marginata  (M enegh.) K iitz./col. 100 Bicoeca cristallina Skuja 250
Oscillatoria limnetica  Lem m ./fil. 20 B . ovata Lenini. 400
0 . pseudogeminata  G. Schm id/fil. 3 000 B. planctonica  Kissel 400
0 . tenu is  var. tergestina R abenh ./fil. 250 Centritractus africanus F ritsc h  e t R ich 150
Pelonema subtilissim a  Skuja/fil. 16 C. brunneus F o tt 120
P horm id ium  foveolarum  (M ontagne) 3 000 Cercobodo varians Skuja 270

G om ont./fil. Chrysococcus guttaeformis H o rto b . 1 000
P . mucicola Naum , e t H u b e r— P est./ Cocconeis placentula  va r. euglypta

fil. 40 (E h r.) Cl. 650
Pseudanabaena articulata Skuja/fil. 6 Cyclotella chaetoceras Lem m . 5 600
P . catenata L au terb ./fil. 150 Desmatractum indutum  (G eitl.) Pasch. 250
lihabdoderm a lineare v a r . spirale Dinobryon divergens Im hof 550

W olosz./fil. 80 F ragilaria crotonensis K itt. 3 500
Rom eria leopoliensis (K acib .) Koczw. 8 Gloeobotrys coenococcoides F o t t 120
S p iru lin a  laxa Sm ith 90 Goniochloris mutica (A. B rau n ) F o tt 50
Synechocystis aquatilis Sauv. 50 G. sculpta  Geitl. 60
U nknow n Cyanophyta 15 Gyrosigma attenuatum  (K iitz .) R abenh . 8 600
Euglena acus Ehrb. 3 100 K cphyrion  littorale Lund 40
E . acus va r. longissima Defl. 21 600 K haivkinea acutecaudata Sku ja 7 500
E . antefossa  L. P. Jo h nson? 500 M allom onas acaroides P e rty 7 800
E . oxyuris  f. m inim a  B ourr. 2 200 M astigella  sp. 1 500
E . p isc ifo rm is  Klebs. 650 M elosira granulata (E hr.) R alfs/fil. 3 500
E . polym orpha  Dang. 5 300 M . granulata  var. angustissima
E . spathiryncha  Skuja 17 000 Miill./fil. 450
E . trip teris ( 1 )uj.) K lebs 3 800 M . granulata  var. angustissim a  f.
E . v ir id is  E hr. 2 200 spiralis  H ust./fil. 600
E uglena  sp. 9 000 M onas vor ax  Skuja 500
Lepocinclis cymbiformis P layf. 1 100 M onosiga ovata S. K ent 400
L. ovum  var. conica A llorge e t  Lef. 1 600 M u ltic ilia  lacustris L au terb . 3 000
Phacus acum inatus Stokes 3 500 N avicula hungarica va r. capitata
P . caudatus H iibn. 3 500 (E h r.) Cl. 550
P . caudatus var. minor D rez. 2 300 N itzschia acicularis W. Sm ith 280
P . curvicauda  Swir. 3 200 N . palea  (K iitz .) W. Sm ith 380
P. gra n u m  Drez. 1 800 O phyocytium  capitatum  W olle 600
P. helicoides Pochm . 25 000 0 . cochleare A. Braun 2 700
P . longicauda  (E hr.) D uj. 15 000 Paraphysom onas vestita (S tokes) De
P .  orbicularis H iibn. 12 000 Saedeleer 3 000
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Algae
Volume,

/ЛП3 Algae
Volume,

/ u m 3

Pseudokephyrion entzii Conrad 75 D . pulchellum  W ood/col. 1 800
Rhizosolenia longiseta Zach. 4 000 Elakatothrix lacustris K orsch. 160
Salpingoeca am phoridium  J .  Clare 550 Francéin tenuispina  K orschik . 600
Stephanodiscus hantzschii G run. 1 200 Gloeotaenium loitlesbergianum
Synedra acus K ütz . 800 Hansg. 20 000
S. ulna  (N itzsch.) 900 Hyaloraphidium  contortum  va r. te-
Synura  petersenii K orschik. 2 000 nuissim um  K orschik . 475
U nknow n ep iphyte 400 Kirchneriella lunaris  (K irch .) M oeb. 70
O th e r Centrales (2 species) 200 K . obesa (W. W est) Schm idle 120
O ther Pennales sp. 1 300 Koliella longiseta (V isch.) Plindák 500
O th er Pennales sp. 2 100 Lagerheimia genevensis Chod. 150
O th er Pennales sp. 3
Ceratium hirundinella  (0 . F . M üll.)

100 L . marssonii Lem m . 
Lobomonas ampla  v a r . okensis

250

Schrank 60 000 Korschik. 550
Cryptomonas pusilla  B achm . 60 M icractinium  p u sillu m  F res./cen. 1 600
Cryptomonas sp. 3 000 Mycacanthococcus cellaris H ansg. 400
G ym nodinium  sp. 4 500 Nephrochlamys subsolitaria  (W est)
A ctinastrum  hantzschii Lagerh./cen. 1 200 Korschik. 400
A nkistrodesm us acicularis (A. Br. Oocystis elliptica f. m inor  W. W est 900

K orschik.) 80 0 . lacustris Chod. 300
A . angustus Bern. 30 O. parva  W. e t G. S. W est 200
A . bibraianus (R einsch.) K orschik. 300 0 . submarina  v a r. variábilis Skuja 150
A . convolutus Corda 10 Pandorina m orum  (M üller) B ory 8 000
A . fa lca lus  (Corda) Ralfs 450 Pediastrum boryanum  (T urp .)
A . longissimus Lem m . 1 300 Menegh./cen. 6 000
A . pseudomirabilis Korschik. 100 P. duplex M eyen./cen. 8 000
A . subcapitatus K orschik. 120 P . simplex  (M eyen.) Lem m ./cen. 5 000
Carteria m u ltifilis  (Fres.) Dill. 600 P. tétras var. tetraodon (Corda)
C. peterhofiensis Kissel. 3 000 Rabenh./cen. 250
Chlamydomonas epiphytica  G. M. Phacotus lenticularis (E . Stein) 600

Sm ith 250 Pteromonas angulosa Lem m . 250
C. globosa Snow 120 Scenedesmus acum inatus  (Lagerh.)
C. rodhei Skuja 2 500 Chod./cen. 300
C. skujae  Pasch. 500 S. acuminatus f. tortuosus (Skuja)
Chlamydomonas sp. 1 200 Uherkov./cen.

S. acutus M eyen/cen.
300

Chlamydomonas sp. 2 500 300
Chlamydomonas sp. 3 1 000 S. anomalus (G. M. Sm ith) T iff./cen. 200
Chlorella vulgaris Beyer. 150 S. anomalus v a r. acaudatus 100
Chlorhorm idium flaccidum  (K ü tz .)F o tt 50 000 H ortob./cen.
Chlorogonium elegáns P layf.
C. elongatum  D ang. va r. plurivacuo-

750 S. arcuatus Lem m ./cen.
S. brevispina (G. M. Sm ith) Chod./

800

latum  Skuja 4 000 cen. 400
C. tetragamum  Bohl. 190 S. coartatus H ortob ./cen . 450
Chodatella amphitricha  Lagerh. 100 S. decorus H o rto b . var./cen . 500
C. balatonica Scherff. 100 S. denticulatus v a r . linearis
C. ciliata  (L agerh.) Lem m . 1 400 Hansg./cen. 550
Chodatella sp. 200 S. dispar B réb ./cen . 1 200
Closterium lim neticum  var. tenue S. dispar f. spinosus  H ortob./cen. 900

R uzicka 580 S. ecornis (R alfs) Chod./cen. 1 000
Coelastrum microporum  Naeg./cen. 6 000 S. ecornis (R alfs) Chod. form a/cen. 1 500
C. sphaericum  Naeg./cen. 6 000 S. ecornis var. disciform is Chod./cen. 3 000
Crucigenia quadrata M orren/cen. 120 S. granulatus W. e t G. S. W est/cen. 1 000
C. rectangularis (A. B rau) Gay/cen. 60 S. granulatus f. elegáns H ortob ./cen . 1 000
C. tetrapedia (K irchn .) W . e t W ./cen. 100 S. granulatus f. disciform is
Dicellula inrm is  Fo tt/cen . 
Dictyosphaereium ehrenbergianum

130 H ortob./cen.
S. intermedius va r. bicaudatus

4 000

Naeg./col. 1 200 H ortob./cen. 1 000
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Algae
Volume,

/и га 3 Algae Volume,
/ u m 3

S. lefevrii var. semiserratus Schroederia spiralis  (P rin tz )  Korschik. 1 000
Uherkov./cen. 800 Siderocelis m inu tissim a  (K orschikT

S. lefevrii var. semiserratus H eynig 70
U herkov. form a/cen. 800 S. oblonga (N aum .) F o t t 80

S . longispina  var. capricornus S. ornata (F o tt)  F o tt 140
Skuja/cen. 700 Sphaerocystis schroeteri Chod. 1 400

S . opoliensis P. R ieh t./cen. 1 200 Staurastrum  contortum  G. M. Sm ith 300
S . ovalternus Chod./cen. 1 000 S. paradoxum  M eyen 500
S . opoliensis var. bicaudatus S. polym orphum  B réb. 2 300

H ortob./cen. 1 200 Tetraedron caudatum  v a r . incisum
S . protuberans F ritsch ./cen . 550 Lagerh. 150
S . quadricauda (T urp .) B réb ./cen . 1 000 T . incus va r. torsum  T u rn . 500
S . quadricauda var. longispina  f. T. lim neticum  Borge 1 000

asymmetricus (H o rt.)  U h er 1 000 T . m in im u m  (A. B raun) l ia n sg . 1 000
S . quadricauda va r. m a xim u s  W. e t T . m in im u m  va r. long isp inum  Defl. 1 000

G. S. W est/cen. 4 500 T. trianguläre  K orschik. 50
•b'. quadricauda (T urp .) B réb . Tetrastrum glabrum  (R oll.) A hlstr. et

varietas/cen. 900 Tiff./cen. 150
S . rectus Hortob. e t N ém eth T. pullo ideum  Teiling/cen. 150

varietas/cen. 600 T . puncta tum  (Schm idle) A hlstr. et
S . semicristatus U herkov ./cen . 300 Tiff./cen. 200
S . soói var. symmetro-granulatus T. staurogeniaeforme (Schroed.)

H ortob./cen. 500 Lem m ./cen. 250
S. soói Hortob. v a rie ta s  l./c e n . 3 000 T. sp. 50
S . soói H ortob. v a rie ta s  2./cen. 500 Treubaria triappendiculata  B ern. 1 000
S. spinosus Chod./cen. 400 T. varia T iff, e t A hlstr. 2 000
Scenedesmus sp./cen. 500

2. D iversity  on species-volume level

The basic aim  o f  th e  ex am in a tio n s was to  de te rm ine  th e  y early  course 
o f  d ivers ity  in th e  tw o  fish ponds, and  to  exam ine w h e th e r a n y  differences 
occurred  in the  d iv e rs i ty  of th e  fish  ponds hav ing  d ifferen t tro p h y . Several 
a u th o rs  have a lread y  suggested  (for exam ple, W ilhm  1968, L loyd  and 
G h e l a r d i  1964) th a t  d iv e rs ity  shoidd  he ca lcu la ted  from  volum e or biom ass 
d a ta  in stead  of th e  n u m b e r  of ind iv iduals because th e  d ifferences in  size will 
ev en  out in this w ay. I f  b iom ass and no t th e  n u m b er of in d iv id u a ls  is taken  
as a m easure of species “ im p o rtan ce” , th en  th e  y ea rly  course of d iversity  
ta k e s  a slightly  d iffe ren t form . In  T ab le  4, w here th e  resu lts  a re  given, v ar 
H "  does no t occur b ecau se  i t  w as zero to  four decim al places; n e ith e r  does H , 
because  it was in a g reem en t w ith  H", up to  five decim al places.

In  th e  fertilized  f ish p o n d , th e  biom ass of th e  algae w as alw ays higher 
also  in  its to ta lity , b u t  th e  b iom ass of 100 th o u sa n d  algae w as g rea te r too: 
0 .1432 m g, S. D ev. 0.1104, and  again  in  th e  non -fe rtilized  po n d  i t  was 0.1030 
m g, S. Dev. 0.0915.

In  order to  e s tim a te  th e  s im ila rity  of indices ca lcu la ted  on th e  bases of 
v o lu m e  and  ind iv iduals th e  co rre la tion  was dete rm in ed  (Table 5). In  the  non- 
fe rtiliz ed  lake, the tre n d s  o f d iv e rs ity  and  of evenness to  a g rea t e x te n t follow
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th e  sam e course w h e th e r we s ta r t  from  in d ./spec, o r from  vol./spec. d a ta  (F ig. 1). 
H ow ever, owing to  th e  low evenness in th e  fe rtilized  fish  pond (th e re  are a g rea t 
n u m b e r of algae w ith  d ifferen t volum es in  one sam ple), th ere  is no  co rre la tion  
b e tw een  th e  d iversities com puted  from  th e  tw o  kinds of d a ta . T he evenness

tre n d  closely follows th e  dom inance tre n d  (p, )max n ,

N,
m ax %  ; h igh dom inance

Fig. 1. D iv ersity  m ax im um  (em pty  colum n); d iv e rs ity  com puted  from  th e  in d iv id u a l p e r  
species d a ta  (the  b lack  colum n d raw n  in to  th e  le ft-h an d  h a lf  of the  em p ty  co lum n); an d  fro m  
th e  vo lum e per species d a ta  (black colum n on th e  r ig h t-h a n d  side). To th e  left o f th e  v e r tic a l 
ax is , th e  m o n th ly  d a ta  o f th e  fertilized  pond ; to  th e  r ig h t  those of th e  n on-fertilized  p o n d .

The d iversity  u n it  is b it/in d iv id u a l, or lut /;ni:i

is accom pan ied  b y  low evenness (Table 4). In  th e  fertilized  fish p o n d  R  =  
=  0.9333***, in th e  non-fertilized  pond  R  =  0.966***. T hus, th e  d ifferences 
in  th e  resu lts  o b ta in ed  by  m eans of th e  tw o  m ethods occur m ain ly  b ecau se  
of th e  difference in  th e  only m ostly  d o m in a n t species. The L l o y d - G h e l a r d i  

m easu re  of e q u ita b ility  gave sim ilar va lu es  as th e  m easure of evenness, its  
co rre la tio n  is n o t sign ifican t in  th e  fe rtilized  fishpond , and  again  in  th e  non- 
fe rtilized  one th e  co rrelation  of e V o i  a n d  f i n d  i s  significant on a p  0 .1 %  
level (T able 5).

T he volum e/species d iv e rs ity  va lues in  th e  tw o fish p o n d s are sm aller 
th a n  th a t  of ind iv idual/species. Since th e  species num bers are  in  ag reem en t, 
th is  decrease is only  a ttr ib u ta b le  exc lusive ly  to  the  low er evenness (m ore 
p ro n o u n ced  vo lum e dom inance). In  tw o  cases of the  18, H !̂ 0!spec Н /% 5pec.
T h is ten d en cy  w as even m ore p ronounced  in  th e  fertilized  fish  pond  w here  
ifvoispec ap p eared  even m ore beh ind  its  possib le m axim um  th a n  in  th e  case 
o f fiindspec-

T he v alue  of S p e a r m a n ’s co rre la tio n  betw een  M a r g a l e f ’ s in d ex  (M )  
an d  S h a n n o n ’s d iv ersity  com pu ted  from  th e  volum e d a ta  does n o t sig n ifi­
c a n tly  differ from  zero.
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T a b le  4

Y ea rly  changes in  the indices computed on the basis o f  volume data obtained fro m  the fish p o n d s .  
G: algal fre sh  weight mg/l; S :  species num ber o f  the sam ple; I I " : Shannon d iversity  

bit/pm 3/species; J : evenness; M :  M a rg a le f index; d =  ( n f N )max %  ; £•' equitabilitv

Fertilized, m ore eu troph  fishpond

M o n th G mg/l s H* J M 4% e

J 2.470 18 1.3044 0.31280 2.1761 79.66 0.17
F 6.290 19 1.4777 0.34786 2.0579 78.22 0.19
M 13.743 21 2.3993 0.54624 2.0990 38.18 0.33
A 103.355 17 0.60681 0.14846 1.3858 92.71 0.12
M 22.384 36 3.8148 0.73788 3.4945 19.94 0.58
JY 876.918 72 0.48147 0.07804 5.1885 95.45 0.03
A 141.609 68 3.4698 0.56999 5.6488 22.07 0.23
S 170.065 53 3.5897 0.62670 4.4959 23.77 0.32
0 103.250 67 2.0924 0.34493 5.7170 72.20 0.07

M ean 160.009 41 58.02

Unfertilized, less eu troph  fishpond

J 0.599 12 1.2449 0.34727 1.7201 81.60 0.25
F 0.026 16 0.37448 0.09362 4.6038 95.37 0.06
M 14.227 18 0.96506 0.23143 1.5686 85.41 0.11
A 4.980 30 3.4705 0.70727 3.4065 23.05 0.53
M 18.263 44 4.4034 0.80656 4.3821 11.00 0.73
JY 26.268 46 2.4196 0.43805 4.5859 58.42 0.15
A 9.238 61 4.1127 0.69346 6.5709 16.42 0.43
S 26.651 53 3.7601 0.65645 5.1028 38.52 0.38
0 65.697 39 2.5478 0.48200 3.4257 36.73 0.21

M ean 18.439 35 49.61

Table 5

Spearm an4s ra n k  correlation values com puted on the basis o f  volume 
per species and number o f  in d iv id u a ls per species in  the ponds

Fertilized Unfertilized

Н Ш - Н т1 + 0 .4667  N .S . + 0.9000***

J ind  J v o l + 0 .4000  N .S . + 0.9000***

^ in d  <*vo. +  0.4166 N .S . + 0.8500**

e ind  e vol + 0 .5166  N .S . + 0.6666*
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3. The effect o f  pooling the data to a higher taxonomical level on the indices

T h e species in d iv id u a l and  vo lum e d a ta  w ith in  genera  and d iv isions 
w ere pooled  (as if  th e  d e te rm in a tio n  h ad  ta k e n  place o n ly  for Scenedesm us 
sp. or Chlorophyta sp. level), and  from  th e  d a ta  ob tained  in  th is  w ay, th e  h ie r ­
arch ic  d iv e rs ity  was co m p u ted . The re su lts  are given in  T ab le  6. W e d id  n o t

Table 6
D emonstration o f  the effect o f  pooling on the index. Cumulative hierarchical diversity  

and its ingredients. A t diversity in  the species column is 11('b ü S )  - 
in  the genus colum n J1 (D) -(- H( D)  (G ), in  division c o lu m n : fí(b )

Diversity Evenness Taxa/sample

Month s (Л ,o
species genus divisio species genus divisio

1-
C
ЬС 43

J 2.1613 2.1422 1.4267 0.51830 0.53554 0.61445 18 16 5
F 3.2329 3.0078 1.9178 0.76105 0.79000 0.82595 19 14 5
M 3.1174 2.4103 1.3828 0.70970 0.58967 0.69138 21 17 4

V A 2.2980 2.2980 0.64703 0.56220 0.56220 0.27866 17 17 5
Д M 4.2057 3.7230 1.4295 0.81349 0.75872 0.61564 36 30 5и JY 1.7994 1.4898 0.21547 0.29165 0.27807 0.09280 72 41 5

cd Л 2.6742 2.5608 1.1262 0.43929 0.47798 0.48505 68 41 5
cd s 2.1272 2.0291 0.69144 0.37137 0.40224 0.29779 53 33 5

0 3.2066 3.0271 1.3410 0.52861 0.59500 0.57753 67 34 5

J 2.0294 1.9284 1.4362 0.56610 0.55744 0.61853 12 11 5
t í F 0.7867 0.78554 0.65090 0.19667 0.20632 0.28033 16 14 5

d M 2.9472 2.9449 1.6928 0.70676 0.72047 0.84638 18 17 4
N A 4.3587 4.1210 1.4834 0.88828 0.91100 0.74171 30 23 4

M 4.6963 4.4542 1.2788 0.86022 0.86837 0.55077 44 35 5
-£> JY 3.4889 3.1537 0.67448 0.63164 0.64917 0.29048 46 29 5s A 4.4589 3.1859 0.69952 0.75183 0.66271 0.34976 61 28 4

S 4.0006 3.6887 1.0073 0.69843 0.71349 0.43381 53 36 5
О 2.7378 2.7070 0.95424 0.51799 0.58292 0.47712 39 26 4

J 1.3044 1.3020 0.99361 0.31280 0.32551 0.42792 18 16 5
F 1.4777 1.3344 1.0951 0.34786 0.35047 0.47162 19 14 5

d M 2.3993 2.2023 1.3413 0.54624 0.53880 0.67067 21 17 4
N A 0.60681 0.60681 0.26892 0.14846 0.14846 0.11582 17 17 5

d M 3.8148 3.5367 1.7930 0.73788 0.72076 0.77219 36 30 5
M JY 0.48147 0.42704 0.11537 0.07804 0.07970 0.04968 72 41 5

cd A 3.4698 3.2103 1.8813 0.56999 0.59921 0.81024 68 41 5
S 3.5897 3.2526 1.6815 0.62670 0.64478 0.72420 53 33 5

d О 2.0924 1.9788 1.2415 0.34493 0.38895 0.53469 67 34 5

**
J3
'o .1 1.2449 1.2220 1.0280 0.34727 0.35323 0.44272 12 11 5

F 0.37448 0.37339 0.27519 0.09362 0.09807 0.11852 16 14 5
<v M 0.96506 0.96376 0.59676 0.23143 0.23578 0.29838 18 17 4

A 3.4705 3.3260 1.4439 0.70727 0.73527 0.72197 30 23 4
и M 4.4034 4.1607 1.4865 0.80656 0.81116 0.64019 44 35 5

«w JY 2.4196 2.1488 0.51564 0.43805 0.44233 0.22207 46 29 5
5 A 4.1127 2.5487 0.64397 0.69346 0.53016 0.32198 6 i 28 4

S 3.7601 3.4672 1.5313 0.65645 0.67597 0.65951 53 36 4
0 2.5478 2.4400 1.5632 0.48200 0.51910 0.78162 39 26 4
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a p p ly  pooling to  Class, O rder and F a m ily  levels because  in  these fie ld s  
ex trem e  taxo n o m ic  schools of th o u g h t occur in algology. The aim  of 
poo ling  was to  f in d  th e  answ er to  tw o q u estio n s: is i t  abso lu te ly  n ecessary  
to  determ ine  as fa r  as species in th e  given p o n d , or i t  w ould  have  been enough  
to  ta k e  only genera  in to  consideration , an d , in  general, to  w h a t e x te n t th e  
differences in tax o n o m ica l conception h av e  an  effect on d iv e rs ity  (the questions 
w ill be given a fu ller t r e a tm e n t  in th e  discussion).

F ig . 2. P a r titio n  of th e  m o n th ly  d iversity  va lues, H [DOS) com p u ted  fro m  th e  in d iv idual 
d a ta ,  in to  species H (dq) S (e m p ty  p a r t  of colum n), genus íf(b) (G) (sh ad ed  p a rt), and  d iv i­
sion H (b) (black p a rt) . L eft p a r t  o f  th e  Figure refers to  th e  fertilized  p o n d , r ig h t side to th e  non-

fertilized , less eu tro p h ic  p o n d

F ig . 3. P a r tit io n  of d iv e rs ity  v a lu es, com puted  on  th e  basis of v o lu m en  d a ta , in to  species,
genus an d  division com p o n en ts

T he usual species d iv e r s i ty / /"  (DGS) (P ie l o u  1966, 1969, 1975; L loyd 
I n g e r  K ing  1968, S y m o n s  1972) has been p a r titio n e d  in to  th re e  taxonom ic 
levels in  th e  p resen t case : Л(Ь) d iversity  o f divisions p er sam ple; / / ( d)(G) 
av e rag ed  generic d iv e rs ity  w ith in  division, /T('dq)(S) averaged  species d iversity  
w ith in  genus (Figs 2 an d  3):

Щ DGS) =  Л (0) - f  H,'D)(G) I- jF/(DQ)(S)

F ro m  the  cu m u la tiv e  d a ta  of Table 6, //( 'Dq)(S) is o b ta in ed  in  such 
w ay  th a t  from  th e  n u m b e rs  occuring in th e  co lum n d esig n a ted  as species, 
th e  n u m b ers  occurring  in  th e  colum n w hich is designated  as genus are 
su b s tra c te d . /f('D) (G) is o b ta in ed  by  su b s tra c tin g  the  v a lu e  of division 
co lum n from  th a t  of genus colum n. H"o) is in  ag reem ent w ith  th e  value of 
th e  d iv ision  colum n.
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In  zoology, th e  d e te rm in a tio n  of an im als is done b y  m eans of s e p a ra t­
ing b y  so rting  severa l tim es (E gloff B r a k el  1973), there fo re , th e  necessity  
of coun ting  th e  h ie ra rch ica l d iv e rs ity  occurs sp o n tan eo u sly ; depending  on 
w heth er th e  d e te rm in a tio n  and  selection has to  be  con tin u ed  or th e re  are 
enough differences a lread y  in  th e  sam ple d iv e rs ity  a t  th e  taxonom ic  levels 
de term ined  u n til them . T he d e te rm in a tio n  of the  v a rio u s algae does n o t tak e  
th e  sam e course, b u t  irrespective  of th is  our w ork w ould  be g rea tly  fac ilita ted  
in p rac tice  if  i t  w ould  occasionally  be enough to  d e te rm in e  only up to  genus 
levels.

The d a ta  of T ab le  6 are also show n in a h is to g ram  (Figs 2 and  3). As is 
clear from  th e  fig u res , pooling causes a loss of in fo rm atio n , b u t th e  tre n d  
essen tially  rem ains unchanged . The decrease of in fo rm a tio n  increases on indi- 
v iduals/d iv ision  level, and  m ain ly  in  th e  n o n -fe rtilized  pond. This is m ost 
d e tec tab le  from  th e  co rre la tion  coefficients o f T ab le  7.

Table 7

Spearm an s correlation coefficients o f  diversities and evennesses occurring 
on various levels o f  the hierarchy , and pooled in  various ways

Species-genus Species -divisio

diversity evenness diversity evenness

Ind . fe rtilized +  0.9666*** +  0.9500*** +  0.7666* +  0.8833*

u n fe rt. +0.9300*** + 0.9333*** +  0.2000 N .S . + 0 .5 0 0 0  N .S .

Vol. fe rt. +  0.9500*** + 0.9833*** +  0.9550*** + 0.9333***

u n fe rt. +0.9500*** +0.9833*** +  0.6166 N .S . +  0.6333 N .S .

4. The relationship between species-diversity w ith in  the various d ivisions  
and the total algal species-diversity

This e x am in a tio n  was carried  o u t b y  using  on ly  th e  in d iv id u a l d a ta . 
D iv ersity  w ith in  th e  division was com p u ted  as if  on ly  th e  ind iv iduals of a single 
d iv ision  h ad  b een  observed  in th e  sam ples in  each  case. The d iv e rs ity  in d ex  
ca lcu la ted  in  th is  w ay  was com pared  w ith  th a t  c o m p u ted  on th e  basis of th e  
w hole a sso c ia tion . In  th e  b ack g ro u n d  of th is  e x am in a tio n  the  question  appears 
th a t  to  w h a t e x te n t th e  species-d iversity  of a single taxonom ical g roup  (here 
d iv ision) can in fo rm  us on th e  species-d iversity  o f th e  to ta l  p h y to p lan k to n .

In  T ab le  8 we sum m arized  th e  values accord ing  to  divisions. I t  is re m a rk ­
able th a t  th e  d iv e rs ity  values of all th e  d iv ision  are  ch a rac te ris tica lly  h igher 
in  th e  n o n -fe rtilized  fishpond , w ith  th e  excep tion  o f th e  Euglenophyta  d iv ision, 
w hich is m ore d iverse  in th e  fe rtilized  pond.

F o r th e  ev a lu a tio n , Sp e a r m a n ’s co rre la tion  (T able 9), and  for th e  species 
n u m b er B r a v a is ’s corre la tion  (Table 10), w ere app lied . I t  is only th e  d iv e rs ity
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Table 8

Demonstration o f  the effect o f  cleaving o f  the data. Changes in  the three indices computed  
fro m  the in d iv id u a l per species data in  each d ivision  and on the level o f  total algae

Divisio Month
Fertilized pond Unfertilized pond

s H" J s H* J

J 5 0.79799 0.34368 2 0.50326 0.50326
F 1 0.00000 — 2 1.00000 1.00000
M 2 0.43275 0.43275 2 0.99108 0.99108
A 1 0.00000 — 0 — _

C yanophyta M 1 0.00000 — 2 0.86313 0.86313
JY 12 1.8774 0.52367 2 1.00000 1.00000
A 9 1.4237 0.44911 2 1.00000 1.00000
S 2 0.79186 0.79186 3 0.92551 0.58393
0 4 1.3120 0.65598 6 2.2148 0.85680
.1 2 0.27620 0.27620 1 0.0000
F 5 1.1679 0.50297 5 1.8219 0.78466
M 0 — — 0 — _
A 2 0.81128 0.81128 2 0.09408 0.09408

Euglenophyta M 3 1.2389 0.78166 3 0.09563 0.06033
JY 7 2.1539 0.76724 6 1.0186 0.39403
A 12 2.7396 0.76418 6 1.0019 0.38759
S 8 1.8358 0.61193 2 1.0000 1.00000
0 3 0.78338 0.49426 3 0.59767 0.37709
J 1 0.00000 — 3 1.2389 0.78166
F 4 1.6337 0.81687 1 0.0000 —

M 7 1.0277 0.36607 11 1.9519 0.56423
A 6 1.6133 0.62411 8 2.7504 0.91680

Chrysophyta M 9 2.7233 0.85910 11 2.9587 0.85525
JY 5 1.4054 0.60526 7 1.2599 0.44877
A 6 0.64120 0.24805 9 2.7831 0.87795
S 8 1.0907 0.36356 9 1.4581 0.45998
0 6 0.48605 0.18803 2 0.50637 0.50637
J 2 0.12985 0.12985 1 0.00000 —

F 1 0.00000 — 3 0.00899 0.56770
M 1 0.00000 — 1 0.00000 —

A 1 0.00000 — 2 0.91830 0.91830
P yrrophyta M 2 0.06101 0.06101 3 1.3788 0.86992

JY 2 1.0000 1.0000 1 0.00000 —

A 2 0.2164 0.2164 0 _ —

S 2 0.99801 0.99801 2 0.32985 0.32985
0 2 0.18362 0.18362 0 - —

J 8 1.1264 0.37545 5 1.9953 0.85930
F 8 2.3539 0.78463 5 0.81293 0.35011
M 11 2.6045 0.75285 4 0.39787 0.19893
A 7 2.7322 0.97322 18 3.6544 0.87637

Chlorophyta M 21 3.1821 0.72447 25 3.8709 0.83354
JY 46 1.6813 0.30439 29 3.0979 0.63768
A 39 1.6533 0.31091 44 4.0183 0.73602
S 33 1.4842 0.29422 37 3.5127 0.67429
0 50 3.1531 0.55867 28 2.0509 0.42662
J 18 2.1613 0.51830 12 2.0294 0.56610
F 19 3.2329 0.76105 16 0.7867 0.19667
M 21 3.1174 0.70970 18 2.9472 0.70676
A 17 2.2980 0.56220 30 4.3587 0.88828

Algae  to ta l M 36 4.2057 0.81349 44 4.6963 0.86022
JY 72 1.7994 0.29165 46 3.4889 0.63164
A 68 2.6742 0.43929 61 4.4589 0.75183
S 53 2.1272 0.37137 53 4.0006 0.69843
0 67 3.2066 0.52861 39 2.7378 0.51799
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Table 9

Spearm an4s correlation coefficients between indices computed per division  
and fro m  the total algal com m unity

Fertilized Unfertilized

H " J H " J

Cyanophyta - 0.1429 N .S . — 0.1429 N .S . — 0.1905 N .S . + 0 .0 7 1 4  N .S .

Euglenophyta 0.1905 N .S . + 0 .0 2 3 8  N .S . — 0.5714 N .S . — 0.6071 N .S .

Chry sophy ta +  0.2619 N .S . + 0 .3 3 3 3  N .S . +0.9048** +0.7143*

Pyrrophyta — 0.8286 N .S . — 0.8286 N .S . +  1.000*** +  0.8000 N .S .

Chlorophyta + 0.7000*** +  0.6833* +0.8833** + 0 .5 5 0 0  N .S

Table 10

B rava is 's  correlation coefficients o f  the total algal species number 
and o f  those per d ivision

Fertilized pond

Cyanophyta

Euglenophyta

Chrysophyta

Pyrrophyta

Chlorophyta

+  0.7035* 

+ 0 .6837* 

+ 0 .2646  N .S .  

+0.7009* 

+0.9851***

(m  =  4.2340 

(m =  4.3452 

(m =  2.6964 

(m — 33.333 

(m =  1.3414

b =  

b =  

b =  

b =  

b =

23.8158) 

20.9444) 

25.6428) 

— 14.3333) 

7.9851)

Unfertilized pond

Cyanophyta + 0 .1939  N .S . (m =  2.1333 b = 30.4667)

Euglenophyta +  0.5239 N .S . (m  =  4.2440 b = 22.2409)

Chrysophyta +  0.4460 N .S . (m =  2.0236 b = 21.7287)

Pyrrophyta - 0 .2 4 6 5  N .S . (m =  — 3.7935 b = 40.9293)

Chlorophyta +0.9858*** (m =  1.1694 b = 10.1079)

of th e  Chlorophyta  division m ak ing  th e  decisive p o rtion  of th e  flo ra  co rre ­
la tes  re liab ly  w ith  th a t  of the  to ta l  algae and  th is  is ind ica ted  also in  the 
species nu m b er.

D iscussion

1. Do we need sample size dependent indices in  the algological studies?

A ch a ra c te ris tic  p a r t of th e  resu lts  o b ta in ed  a fte r runn ing  an  a rtific ia l 
sam ple  has been  selected for T ab le  2. As can be seen, by  increasing th e  average 
size of th e  d a ta  (n,), H" and  H  as well as J x, J 2, J 3 and  J 4 ap p ro x im a te  each
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o th e r , while v a r H "  is decreasing. Special m en tio n  m ust be m ade of Sam ples 
1 a n d  3, th e  s tru c tu re s  o f w hich are  id e n tic a l; b u t  the  n u m b er of ind iv iduals 
a re  te n  tim es h igher. I t  is here th a t  th e  eno rm o u s d isadvan tage  of B r il l o u in ’s 
H  em erges: i t  in te rp re ts  Sam ple 3 as b e in g  m ore diverse. S h a n n o n ’s d iversity  
a t  th e  sam e tim e  does n o t change. Ca ir n s  a n d  D ick son  (1971) pu b lish ed  a p ro ­
g ram m e to  be p ro m o ted  in  p rac tice . A s im ila r b u t  m ore ex p an d ed  program m e 
is u sed  b y  us. The re d u n d an cy  o b ta in ed  b y  th em  deviates only  slig h tly  from  
o u r indices R 3 and  R v  T he  J 3 and  J á va lu es  of T ab le  2 are 1 — R 3 an d  1 R j. 
As can  be seen, th is  re d u n d a n c y  is also sensitive  to  sam ple sizes, therefo re , i t  
can  freq u en tly  be m islead ing  in stead , fo r p ra c tic a l purposes, eq u a tio n

R  = l°g2S - 4"  
log ß

is p ro p o sed . In  th e  case of algological d a ta , w here th e  co u n ting  o f to ta l  algal 
c o m m u n ity  is im possib le, the  algal flo ra  of a p o n d  can alw ays he estim a ted  
o n ly  b y  m eans of sam ples. An index , w hich  to  such a considerab le  e x te n t 
d ep en d s from  th e  ac tu a l n u m b er of in d iv id u a ls , caused only tro u b le  so i t  is 
n o t needed . The p ro g ram m e has been  red u ced  considerab ly . In  com parison  
w ith  th e  earlier s itu a tio n  w hen 14 indices w ere used , now only S, H "  and  J  are 
p r in te d  to g e th e r w ith  th e ir  h is tog ram . O n req u est, th e  ASA  F O R T R A N  
p ro g ram m e  is availab le  (on ly  in  a lim ited  n u m b er).

2. I s  it ind ./spec, or vol./spec. that provides a more satisfactory basis fo r
com puting the d iv e rs ity ?

T h e  so lu tion  to  th is  classical p roblem  has acqu ired  g rea t im p o rtan ce  also 
in  a lgo logy . As can be seen in our subsection  2 w hen  giving th e  re su lts , d iv e r­
sities co m p u ted  on th e  basis  of tw o k inds o f d a ta  f irs t of all in  th e  fertilized  
f ish p o n d  are d iffe ren t, i.e. th e y  do n o t show  th e  sam e tren d . T he question  
ju s t if ia b ly  em erges, w hich  one is m ore su ita b le  for p rovid ing  co rrec t in fo r­
m a tio n ?  I  believe, th is  is p rim arily  d e te rm in e d  b y  the  aim  of th e  in v e s ti­
g a tio n . Several au th o rs  (W ilhm  1968, L l o y d — G h el a r d i 1964) em phasize 
th a t  th e  biom ass d a ta  are m ore sa tis fa c to ry  because th ey  equalize th e  size 
an d  b iom ass differences occuring  am ong th e  in d iv id u a ls . In  the  case of p lan k to n  
algae, th is  k ind  of d ifference is on th e  average  10—20 fold w ith in  one com m u­
n ity . O n th e  o ther h an d , th e  d a ta  of th e  n u m b e r of ind iv iduals p rov ide  g rea te r 
s ign ificance  to  the  in d iv id u a l. This is a d e fin ite  advan tage . I t  is com m only  
know n  (G o lterm an  1975) th a t  sm aller algae rep ro d u ce  them selves a t  a qu icker 
ra te . O bv iously , i t  is th e  in d iv idua ls th a t  a re  used  as popu la tion  dynam ical 
basic  u n its  and  n o t th e  d a ta  of b iom ass per species. A Crucigenia is destroyed  
n o t b y  th e  u n it of b iom ass ^ m 3, or by  th e  cell n u m b er, b u t in a w ay  th a t  the  
w hole cenob ium  is, for exam ple , pouched b y  an  alg ivor, or it becom es deposited
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ou t of th e  epilim nion, etc. T he essence o f th e  ind iv idual concept in  m y  
view  — is th e  com m on “ fa te ”  th a t  is, th e  dynam ics of th e  algal p o p u la tio n  
can be tra c e d  m ore sa tisfac to rily  on th e  basis o f th e  n u m b er of in d iv id u a ls . 
F ro m  th e  v iew poin t of n u tr i t io n  b io logy  (for exam ple, th e  d iv e rs ity  in  th e  
d ie t o f p lan k to n ic  Crustacea), on th e  o th e r h an d , the  d iv e rs ity  com puted  from  
biom ass d a ta  according to  a lgal species m ay  be of im p o rtan ce . In  th is  case, 
how ever, i t  is only th e  grazable  size sto ck  th a t  is considered, because th e  la rg e ­
bod ied  species co n stitu tin g  a g rea t m a jo r ity  of th e  b iom ass are due to  th e ir  
large size safe from  grazing. In  e s tim a tin g  th e  algal volum e we can u n d o u b te d ly  
m ake erro rs an d  these are even increasin g  b y  the  fac t th a t  algae can change 
th e ir  w a te r  co n ten t, and so th e ir  vo lum e as well, w ith in  b ro ad  lim its, w hile 
th e ir  d ry  m a tte r  co n ten t rem ain s u n ch an g ed . Marg alef  (1954) observed  th a t  
th e  size an d  volum e of algae decreased  on h ea t co n tam in a tio n , while th e  d ry  
m a tte r  c o n te n t w as unchanged .

The size of m ost o f th e  algae is n o t p ropo rtio n a l to  th e ir  age; it  grow s to  
a lm ost its  m ax im um  in th e  d a rk , a t  n ig h t, while during  day tim e  it  increase on ly  
in sig n ifican tly . In  the  case of Ceratium hirundinella  (E ntz 1933), g row th  ta k e s  
87 .5%  o f its  course, during  3 ho u rs , w hich  is 4 .1%  of algal life-span an d  again  
91 .6%  of th e  volum e increase ta k e s  p lace in  9 hours (12.5% ). A cell o f th e  
sam e size can be young and  “ d ilu te d ”  and  b y  g e ttin g  o lder it  will be m ore 
c o n cen tra ted  a t the  sam e tim e . D u rin g  d ay tim e , the  d ry  m a tte r  co n ten t falling  
to  a u n it  o f vo lum e increases, th e p ro te in /c a rb o h y d ra te  ra tio  decreases. Id e n tic a l 
v o lu m etric  biom asses do n o t necessarily  m ean  iden tica l n u tr itiv e  values.

W e know  from  th e in v estig a tio n s  o f  S t e e n b e r g e n  (1975) th a t w ith in  
th e  Scenedesm us cell, 2 —4 au tosp ores com e in to  ex isten ce a lread y in th e  first  
h a lf  o f  th e  d ay , and again 8 o f  th e m  in  th e  second h a lf o f  day; th ese  are b io ­
ch em ica lly  already new  in d iv id u a ls , b u t th e y  are considered  as n ew  co u n tin g  
u n its , in d iv id u a ls , on ly  after g e tt in g  o u t th e  cell.

T he n u m b er of ind iv id u a ls  an d  th e  biom ass values give an  estim a tio n  
of th e  “ im p o rta n c e ”  of th e  species in  th e  com m unity . W e have  know ledge of 
th e  fac t th a t  ce rta in  species can  be m ore im p o rta n t for a co m m u n ity  th en  
w ould  be in d ica ted  b y  th e ir  n u m b e r or volum e. The effect ex e rted  b y  species 
on th e  lim itin g  n u tr itiv e  e lem ent accen tu a tes  th e  im p o rtan ce  of th e  species. 
W hen  com p u tin g  the  algal d iv e rs ity , i t  is f irs t of all th e  n u tr itiv e  s tra te g is t 
species h av in g  an effect on th e  level of lim iting  n u tr itiv e  elem ent th a t  should  
be stressed . W h eth er th is  w eight should  be increasing  or decreasing  in 
n a tu re , an d  w h a t scale i t  shou ld  ind eed  cover these  are questions w hich 
should  be decided by  m eans of in v estig a tio n s to  th is  end , and  on th e  basis 
w h e th e r th e  in tro d u c tio n  of e.g. an  algal species w hich produces p h o sp h a ta se  
w ould increase , or decrease, th e  d iv e rs ity  of th e  co m m unity . O ur p resen t 
algaecological know ledge has n o t y e t  reached  a sa tis fac to ry  stage  w here our 
analyses could be expected  to  deal w ith  such d istingu ished  considera tions.
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C oncerning d iv e rs ity  changes, in  th e  m a jo rity  of cases we a tte m p t to  give 
an  ex p lan a tio n  b y  m ean s of changes in  th e  ab io tic  env ironm en t, p rim arily  
because we have li t t le  know ledge of th e  b io tic  effects. On th e  o ther h an d , 
d iv e rs ity  changes w h ich  do no t co rre la te  w ith  th e  changes in th e  ab io tic  
en v iro n m en t can e v id e n tly  he a ttr ib u te d  to  th e  b io tic  env ironm en t, to  th e  
in te rac tio n  of th e  c o m m u n ity  m em bers. T h is in te rac tio n  m ay  be b o th  posi­
tiv e  and  nega tive . T h e  positive effect is in te rp re te d  in  th e  following w ay : 
a new  species arises, w hich  would n o t con sid erab ly  increase d iv ersity  y e t, 
b u t  i t  has an  effect t h a t  i t  m akes a new  n iche open, p rovides th e  possi­
b ility  for th e  s e ttle m e n t of new species (S  increases), w ith  a possib ility  of 
s tim u la tin g  th e  re p ro d u c tio n  of species w hich  h ad  sm aller num ber of in d i­
v id u a ls  u n til th e n  ( H u n t s m a n — B a r b e r  1975), th u s  J  can  grow. Species 
opening new niches are  fo r exam ple th e  ones w hich produce  p h o spha tase  in  
a phosphor-lim ited  en v iro n m en t, opening th u s  new  P-resources, and  ra ising  
th e  P-level period ica lly  (S o e d e r  et al. 1971), an d  again  p roducing  chela te  in  
a ferro-lim ited  e n v iro n m e n t (M u r p h y  e t al. 1975). The m o tiv a tio n  of algae 
in  p roducing  chela te  is n o t  based on a ltru ism  b u t  m ain ly  on selfishness, n ev e r­
theless th e  residue m a y  s till be enough fo r o th e r  species.

The n egative  e ffec t m ay  come from  in h ib itio n  (see th e  lite ra tu re  q u o ted  
b y  H u t c h in so n  1967, F ogg 1975), w hich m a y  m anifest itse lf  in  a decrease 
in  evenness, w ith  th e  possib ility  of e lim in a tio n  of species. The a p p a re n tly  
incom prehensib le  decrease  in d iversity  (w hich is n o t exp la inab le  b y  ab io tic  
causes, e.g. co n ta m in a tio n , lig h t decrease etc .) can  ensue also in  th e  cases w hen  
th e  exam ined  p o p u la tio n  gets under th e  effect o f such selective grazing as is 
n o t p rev a len t in  th e  re ference  com m unity , or u n d e r the  effect of invasion  by  
a species-specific p a ra s ite .

As a fina l conclusion  i t  can  be in ferred  th a t  in  th e  case of algae i t  is m ostо
adv isab le  to  com pute  th e  d iversity  index  on th e  basis of b o th  th e  n u m b er of 
ind iv iduals and  th e  v o lu m e.

3. Hierarchic d iversity

I f  the  d a ta  w ere pooled  for genera, th e n  th e  in fo rm ation  loss is su r­
p rising ly  sm all. This is because there  are  m a n y  genera (for 2.3 species falls 
one genus). I f  th e  species were more cogeneric, th e  in fo rm atio n  decrease 
w ould have been g re a te r . T he pooling w as concerned  w ith  36 genera hav ing  
165 species, while th e  o th e r  65 genera were m onospecific. The genera possessing 
m ore th a n  5 species w ere as follows: Scenedesmus (37), Tetraëdron (12), Phacus 
(10), Euglena  (10), Trachelom onas (9), A nkistrodesm us  (8), Chlamydomonas (5). 
I t  is ra re  th a t  th e  species of a genus can be found  to g e th e r in  one sam ple; 
th is  seem s to  be th e  m ain  cause of the  m inor in fo rm atio n  loss. If, for exam ple, 
th e  Scenedesmus acutus a n d  the  Scenedesmus quadricauda  were in  separa te
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sam ples, th e n  in th e  d iv e rs ity  in d ex  there  is no in d ica tio n  of th e  fa c t th a t  th e y  
were only m en tioned  as Scenedesmus sp. in our q u a n tita tiv e  list. E ven  if  the  
species of a genus live to g e th e r, th en  the  n u m b er of th e ir  ind iv iduals is often 
so sm all th a t  th e y  do n o t sign ifican tly  in fluence th e  d iv e rs ity  index , w hich is 
m ain ly  sensitive to  th e  m ost freq u en tly  occuring 10 -15 species (Sag er  — 
H a sl e r  1969, B r a d b u r y  1973). H ere i t  should  also be m en tioned  th a t  in  
our artic le  we have used th e  te rm  species d iv e rs ity  th ro u g h o u t, w hereas 
essen tially  th e  te rm  infraspecific  would be th e  co rrec t one since the  subspecific 
ta x a  have  n o t been inc luded  in  th e  species, b u t  th e y  ap p ea r as sep ara te  sources 
of in fo rm ation . N evertheless, th e  resu lt has even less been in fluenced  b y  th is  
th a n  b y  pooling to  genera, because th e  n u m b er of in fraspecific  ta x a  was 
sm aller.

A p rac tica l conclusion is th a t  in th e  algal d iv e rs ity  exam inations, in 
these  fishponds, i t  w ould n o t have b y  all m eans been  n ecessary  to  determ ine 
to  th e  species; b y  d e te rm in in g  only to  genera in all p ro b a b ility  we could 
have o b ta ined  th e  sam e resu lts . An u n ju s tifiab le  m erg ing  of ce rta in  genera 
(for exam ple, Scenedesmus genus in th e  conception  of P h il ipo se  1963) does 
n o t essen tia lly  in fluence  th e  conclusions th a t  can  be d raw n  on th e  basis of 
d iv e rs ity . N a tu ra lly , th e re  can  be such com m unities in  re la tio n  to  w hich th is  
s ta te m e n t is n o t v a lid ; if  th e re  occur in th e  sam ple on ly  a few genera w ith  
m an y  species, th e n  th e  pooling  can cause a considerab le  decrease in  in fo r­
m atio n  (P ie l o u  1969,Sy m o n s  1 9 7 2 ,P ie lo u  1975 ,L lo y d  — I n g e r — K i n g  1968).

Pooling b y  d iv ision  p rim arily  in th e  non -fe rtilized  pond brings 
ab o u t a considerab le loss of in fo rm ation . T his could on ly  be expected  since 
th e  n u m b er of divisions (s) is sm all, and  th e ir  d is tr ib u tio n  is uneven . This 
p a r t  of th e  ex am in a tio n  m ain ly  serves only as a basis for com parison w ith  
pooling up  to  genera.

McI n t ir e  and  Ov e r t o n  (1971) carried  o u t sim ilar exam in a tio n s in algae, 
b u t th e re  is no special reason  for a com parison of our re su lts  w ith  the irs because 
of th e  fa c t th a t  th e y  used  d ifferen t taxocens (a tta c h e d  d iatom s), and  o th e r 
k inds of b io top  (estu ary ). I t  w ould be superfluous to  ev a lu a te  in  de ta il th e  
com ponents of th e  h ie ra rch ic  d iversity  in th e  tw o fish p o n d s; ev a lua tion  is 
possible by  a sim ple look a t  Figs 2 and 3. A nyhow , H (DG)(S) is surp rising ly  
sm all, and  again  H(p){&) is surprising ly  g rea t. T hese tw o  values are ch a rac ­
te ris tica lly  h igher in  th e  non-fertilized  pond.

4. Relationship  between the species diversities in  ind iv idua l divisions 
and those in  the total algal com m unity

As has becom e clear from  our resu lts, i t  is on ly  ex cep tiona l th a t  th e  species 
d iv ersity  w ith in  one d iv ision  is in ag reem en t w ith  th a t  com puted  on th e  
basis of th e  to ta l  algal flo ra . Such ap p ro x im ate  ag reem en t can occur only in
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a division th a t  is d o m in a n t in  th e  com m unity , and  rep resen ts  a s ign ifican t 
ra tio  of species n u m b e r and  th e  n u m b e r of ind iv iduals in  th e  species. H ow ever, 
such  is p rac tica lly  th e  case a lre a d y  w hen 10 -2 0  of th e  species w ith  th e  g rea test

or ra th e r  ab o u t n, n u m b e r o f ind iv iduals belong to  th e  d iv ision  a t  issue.
e

T h e tw o values are in  com plete  ag reem en t if  th e  c o m m u n ity  consists o f the  
m em bers of only  one d iv ision . In  th e  case exam ined , th e  Chlorophyta  division 
w as d o m in an t over all th e  o th e r  d iv isions, and  its  species d iv e rs ity  w as po sitiv e­
ly  co rre la ted  in  b o th  pon d s w ith  th e  to ta l  algal species d iv e rs ity . T he species 
d iv e rs ity  of th e  o th e r fo u r d iv isions d id  n o t behave id en tica lly  in  th e  fertilized  
an d  th e  non-fertilized  po n d s, an d , th e ir  co rrelation  w ith  th e  d iv e rs ity  of the  
to ta l  algal co m m unity  w as n o t s ign ifican t.

F rom  th e  in v estig a tio n s th e  conclusion can be d raw n  th a t  in  th e  p lan k to n  
o f th e  tw o  eu troph ic  ponds, th e  Chlorophyta  determ ine  decisively  th e  d iversity . 
W e should n o t be too  erroneous if  we w an ted  to  ch a rac te rize  th e  w a te r  by 
m eans of th e  d iv e rs ity  of green algae. On th e  basis of th is , p re su m ab ly , the 
algal species d iv e rs ity  o f rivers can  also be sa tisfac to rily  e s tim a te d  by  m eans 
o f  th e  values of th e  tax o cen  o f th e  epib io tic  d iatom s, since th is  co n stitu tes  
a ch a rac te ris tic  p a r t  of th e  b iocoenosis of th e  river. S im ilar e x tra p o la tio n  is 
u sed  in  a lm ost all th e  d iv e rs ity  exam in a tio n s. In  ch a rac te riz in g  a pond , we 
do n o t su rvey  th e  w hole flo ra , b u t  only , for exam ple, th e  p h y to p la n k to n , 
an d  th is  is n o t alw ays sa tis fa c to ry , som etim es, how ever, we m ay  be forced 
to  do th is . W hen, for exam ple , we w a n t to  estim a te  th e  difference b e tw een  the 
d iversities of tw o tax o n o m ic  g roups th a t  are n o t s ign ifican t q u a n tita tiv e ly , 
th e n  th e  d iversity  indices will have  to  be com puted  for th e m  sep a ra te ly , no t 
b y  ex trap o la tio n .

The d iv e rs ity  of th e  Euglenophyta  algae was g rea te r in  th e  fertilized  
lak e . T his fac t is in ag reem en t w ith  th e  p ic tu re  d raw n of th em . W e m ust 
n o te , how ever th a t  th e  sa p ro b ity  in d ex  of P a n t l e - B u c k  w as no t d ifferen t 
b e tw een  th e  tw o ponds ( H a j d ú  1974).

T he nex t a rtic le  in  th is  series will deal w ith  th e  resem blance  betw een  
d iv e rs itie s  of th e  algae o f th e  fish p o n d s.
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In  th e  section  p rep ared  from  th e  m esophyll cell of th e  fo liage-leaf o f w hite  
m u s ta rd  (S in a p is  alba L.) an  electronm icroscopic  s truc tu re  d iffe ren t from  th e  know n 
cell organells was observed . The p lan ts  w ere  5 weeks old, th e  p re p a rá tu m  was m ade 
from  th e  6 th  foliage leaf. F o r the  f ix a tio n  g lu ta ra ld eh y d e-O s0 4 w as used. T he well- 
definab le  s tru c tu re , consisting  of ty b u ls  a n d  vesycules, excludes th e  a rtifac t. On th e  
basis o f its  p a tte rn , size an d  closed b u ilt-u p , and  owing to th e  lack  of rhizozom es, i t  
is assum able  th a t  th e  s tru c tu re  is a deform ed, teratological form  o f a  G olgi ap p ara tu s .

The biological ap p lica tio n  of th e  electronm icroscope h as  lended  an  eno r­
m ous im p etu s  to  cyto logical researches. T h e  capab ility  to  b reak -d o w n  to  a large 
e x te n t  th e  various ob jects exam ined  has c rea ted  the p o ssib ility  fo r us to  o b ta in  
know ledge of several s tru c tu re s  w hich we h ad  no t been able to  exam ine earlier.

T he in tro d u c tio n  o f th e  electronm icroscopic tech n iq u es has m ade also 
possib le  th e  deep-going ex am in a tio n  in to  th e  charac teristics an d  fu n c tio n a l 
p ecu lia rities  o f th e  G o l g i  a p p a ra tu s . As i t  is know n, th e  G o l g i  a p p a ra tu s  can 
be found  in  organism s from  th e  low er o rder to  those of th e  higher orders, 
in  b o th  th e  p la n t cells an d  th e  an im al cells as well. I t  is in genera l ch a rac te ris tic  
of th e  G o l g i  a p p a ra tu s  th a t  it consists o f th e  closely ad h erin g  cisterns an d  of 
th e  sm aller or g rea te r vésicules ly ing  a ro u n d  them  (P h o to  1). M any k inds of 
d ifferences have, how ever, been po in ted  o u t in relation to  th e  G o l g i  a p p a ra tu s , 
especially  in  th e  q u a lity , q u a n tity  an d  grouping of th e  c iste rns (P h o to  2, 3, 
4 and  5).

T he basis of th e  g rea t v a rie ty  in  m orphology and  s tru c tu re  is th e  d if­
ference in  developm ent, d iffe ren tia tio n  and  function . N am ely , th e  G o l g i  

a p p a ra tu s  p lays an  im p o rta n t p a r t  in  th e  production  o f increm en ts, in th e  
sy n th esis  o f th e  carbon  h y d ra te  com ponen ts of p lan t cell-w alls, and  p ro te id s , 
e tc . T he p ic tu re  o b ta in ed  by  th e  electronm icroscopic te ch n iq u e  is to  a large 
e x te n t influenced  b y  th e  m ethod  used  for the  d em o n stra tio n  (fixa tion ), an d  
also b y  th e  p lane of cu ttin g .

T he re la tionsh ip  of th e  G o l g i  a p p a ra tu s  w ith o th e r com ponents of the  
cell has since long been supposed. F o r  exam ple, in  th e  grow ing cell, th e  close 
re la tio n sh ip  of th e  G o l g i  a p p a ra tu s  w ith  the  seed m em b ran e  is observable.
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Photo 1. Typical G o lg i a p p a ra tu s  in  Nitella  cell; m agn . 28.000 X (T u r n e r  1965). Photo 2. G o l g i 
a p p a ra tu s  of Trichomonas term opsid is; m agn. 69,000 X (A r o s -G r im s t o n e , 1968). Photo 3. 
G roup ing  of G o lg i a p p a ra tu se s  in the  epid idym is cell of the  tam e  ra b b its ;  magn. 9,000 X 
( F a w c e t t , 1966). Photo 4. V arious section of G o l g i ap p ara tu ses  from  th e  sperm atyde of th e  
H e lix  aspersa; m agn. 7,600 X (D a u w a l d e r  et al. 1972). Photo 5. L o n g itu d in a l section of G o l g i 
a p p a ra tu se s  in the  Trichom onas termopsidis ; m agn. 25,000 X (A m o s-G r im s t o n e  1968). Photo 6. 
T h e  s tru c tu re  observed by  us fro m  the  m esophyll cell of th e  foliage lea f o f S in a p is  alba; m agn.

30,000 X
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I t s  function  is also in  connection  w ith  the  lysosom es an d  th e  end ip lasm atic  
re ticu lu m . W ith  re sp ec t to  the  la t te r ,  N ovikoff  (1971) d e te c te d  som e proofs.

The m ateria l o f know ledge t h a t  has so far been accu m u la ted  in re la tion  
to  th e  Golgi a p p a ra tu s  is of a la rg e  scale, nevertheless, as fa r  as its  function  
a n d  construction  are  concerned, th e re  are aspects, w hich h av e  n o t been  revealed 
u p  to  th e  p resen t tim e .

In  our paper we presen t a s tru c tu re  w hich has been p rep a red  from  the  
m esophyll of th e  foliage lea f o f w h ite  m u sta rd  (S in a p is  alba L .) b y  m eans of 
g lu ta ra ld e h y d e -0 s 0 4 fix a tio n , in  th e  course of an  elec tronm icroscop ic  exam ina­
tio n  (P ho to  6; th e  s ix th  foliage le a f  o f a 5-week-old p lan t) .

The w hite m u s ta rd  was g row n  in p h y to tro n , in  san d  cu ltu re , w ith  the  
ap p lica tion  of K n o p  n u tr ie n t so lu tio n . In  a daily  rh y th m , th e  tem p era tu re  
h as  changed betw een  18 — 25 °C, a n d  again th e  re la tiv e  v a p o u r  co n ten t of th e  
a ir  betw een 45 an d  70% . The p h o to e lec tric  in te n s ity  w as 12.000 L ux  (w ith 
H u n g a rian  m ake F,,9 pho to e lec tric  tu b es); th e  tim e  of p h o to e lec tric ity  was 
d a ily  16 hours.

The s tru c tu re  lied in th e  cy to p la sm  along w ith  th e  ch lo rop lasts  of the 
cell. I ts  size: 1 — 2 fi. I ts  w ell-definab le  con stru c tio n , consisting  of tubu les 
a n d  vesyculuins, excludes th e  p re p a ra tio n  a rtifac t. O w ing to  its  p a tte rn , 
size and  close b u ilt-u p  as well as th e  lack  of rh ibosom as, i t  is assum able th a t  
th e  s tru c tu re  observed  is a d efo rm ed  tera to log ica l v a r ie ty  of th e  Golgi ap p a ­
ra tu s . W e do n o t consider in d ic a te d  to  describe th e  new  cy to p lasm  as an  
organeil.
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Tbe effect o f  108 herbicides a n d  com binations was o b se rv ed  on th e  ro o t n o d u ­
la tion  of L u p in u s  albus in cu ltu re  ecosystem s rich  in  n a tiv e  rh izob ia. G enerally  th e  
m acrosym biont p ro v ed  to  be m ore sensitive  to  th e  herbicides th a n  th e  m ic ro sy m b io n t. 
T he inh ib ition  of L u p in u s  albus— R h izo b iu m  lu p in i  sym biosis b y  herb ic ides a n d  herb ic id e  
com binations is m an ifes t by  th e  red u ced  size and  n u m b er o f  ro o t nodules fo rm ed  
on  th e  tap  roo t. T he K arm ex-A fa lon -S atecid  com binations gave qu ite  good re su lts  
for th e  chem ical w eed contro l of L u p in u s  albus cultures.

The effect of herb icides and herb ic ide  com binations on th e  ro o t n o d u la ­
tio n  an d  the  biological p ro d u c tio n  o f p la n ts  was s tu d ied  for seven  an d  four 
years respectively  in  lu p in  cu ltu re-consociations (L u p in u s albus, L . luteus) in 
N yírség  th e  m ain  lu p in  growing a re a  of H un g ary , in  slig h tly  acidic brow n 
fo rest soil rich in n a tiv e  rhizohia.

Some of th e  re su lts  concern ing  m ain ly  L. albus will be p resen ted  here 
w ith  special regard  to  th e  roo t n o d id a tio n . In  the  course of our co m p ara tiv e  
investig a tio n s carried  o u t in  these c u ltu re  ecosystem s i t  w as estab lish ed  th a t  
of th e  sym bionts th e  m acro sy m b io n t is m ore sensitive to  th e  herb icides th a n  
th e  m icrosym bion t: th e  sam e h erb ic id e  p rep a ra tio n  (3 -cyclohexy l-5 ,6 -tri­
m eth y len e  uracil) w as le th a l to  th e  L . albus y e t i t  was n o t le th a l to  L . luteus, 
b o th  of them  belonging  to  th e  sam e genus. The R hizobium  lu p in i  s tra in s  able 
to  “ in fec t” all of th e  L u p in u s  species, a f te r  L. albus is d estro y ed  form ed effective 
sym biosis w ith L. luteus  in the  sam e soil.

On apply ing  N -(3 ,4 -d ich lo ropheny l)-N ’,N ’ d im eth y lu rea  a fte r th e  de­
s tru c tio n  of L . luteus th e  u n d is tu rb ed  sym biosis of L . albus and  R . lu p in i  could 
be observed.

The L u p in u s albus was killed b y  a b o u t 4 %  (2,4,5-T, a traz in e , am etry n e  -f- 
a traz in e , lenacil) of th e  stud ied  108 herbicides ( th e ir  tra d e , com m on and

* As a lecture p resen ted  a t  the  In te rn a tio n a l  Sym posium  on  “ T he in te ra c tio n  of soil 
m ic ro flo ra  and en v iro n m en ta l po llu tion”  P u law y , Po land , 7— 10 Sep t., 1977.
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Fig. 1. E ffect of d iffe ren t herb ic ide  tre a tm e n ts  on  th e  ro o t n o d u la tio n  of L u p in u s  albus (field 
exp . 1973). 1 =  D C P A ; 2 —= G esapax; 3 =  G esaran ; 4 =  P a to ra n ; 5 =  A falon; 6 =  T reflan ; 
7 =  Control, unhoed  c.; 8 =  T enoran ; 9 =  A v ad ex ; 10 =  Y e n z a r ; l l  =  S y s6 7 ;1 2  =  D ach ta l; 
13 =  Leguram e; 14 =  M alo ran ; 15 =  S a tec id  50; 16 =  B anlene “ p lu s” ; 17 =  V egadex; 
18 =  DCU D ira lid ; 19 =  P la n av in  75; 20 — Ig ran  50; 21 =  A n iten  D ; 22 =  A m chem ; 
23 =  T rim etrin ; 24 =  h oed  con tro l; 25 =  N aT a; 2 6 =  E n d o th a l; 27 =  R am ro d ; 28 =  A n iten  
M; 29 =  C otoran; 30 =  C a rte x M ; 31 =  G esaprin  50; 32 =  G esatop 50; 6 /a =  V enzar (ex trem e 
exam ple  no t affec ted  b y  herb ic ides). A =  the  whole len g th  of roo t; В =  distance be tw een  
th e  crown and th e  f i r s t  n o d u le ; C =  “ larg e”  nodule on th e  ta p  ro o t; D =  m edium  size nodule 
on  th e  la te ra l ro o t; E  =  sm all nodule on  th e  la te ra l ro o t; F  =  sm all nodule on th e  ta p  ro o t

§ x  - S A T E C ID

C O N T R O L S

F ig . 2. R o o t n o d u la tio n  of L u p in u s  albus (1973)

chem ical nam es are  found : B o r b é l y  e t al. 1976). B u t n o t th e  L . luteus, 
th e  L u p in u s luteus  w as d estro y ed  b y  10%  of th e  p rep a ra tio n s  (MCPA, meco- 
p ro p , m onuron, d iu ro n , d icam ba -f- 2,4-D , ch lo rth iam id e , secbum etin , te r-  
b u try n e , chloral, m o n o lin u ro n  chloral) b u t  th e y  w ere n o t sign ifican tly  
h a rm fu l to  th e  L . albus an d  w ith  th e  su rv iv ing  cells o f R . lu p in i, an  effective 
sym biosis was fo rm ed .
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■kg/ho

F ig . 3. Effect of herbicides on L u p i n u s  a lb u s (1973)

G enerally  those ch a rac te ris tic  d e lay ed  ro o t nodu la tion  form s on th e  ro o ts  
of L u p in u s  species developed in  th e  soil tre a te d  w ith herb ic ide  com binations 
(ind ica ting  th e  reduced biological p ro d u c tio n  of the sym biosis) w hich  are fo rm ed  
on th e  ro o ts  of legumes on th e  effect o f  fungicides (Seed dressings of v e tc h : 
K e c sk é s  an d  V in c e n t  1969) w ere n o t  found .

T he inh ib itio n  of th e  lu p in -rh izo b iu m  symbiosis b y  herb icides an d  h e r­
bicide com binations is m an ifested  b y  th e  reduced  size an d  n u m b e r of th e  ro o t 
nodules form ed on the ta p  ro o t (F ig . 1).

As regards the  n u m b er of nod u les  in  the  herbicide co m b in a tio n  t r e a t ­
m en ts (F ig . 2) in  some cases m ore w ere  found  th an  in  th e  unhoed  con tro l 
p lo ts (average  20 p lan ts  of each  p lo t)  b u t  s ta tis tica lly  ev a lu ab le  differences 
w ere n o t p roved .

W ith  respect to  our ow n c o m b in a tio n  (K arm ex-A falon-S atec id : d iu ron  
linu ron -p ropach lo r) gave q u ite  good re su lts  in  the root n o d u la tio n , th e  n u m b er 
of p la n ts , th e  y ield  of seeds a n d  th e  w eeds were restric ted  b y  these  tre a tm e n ts  
(Figs 3 an d  4).
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Fig. 4. E ffe c t o f herbicides on L u p in u s  albus (1973, 1974, 1975, 1976)

These results  su p p orted  our earlier findings (B o r b é l y  et al. 1976) th a t  
n o t  only the n u m b e r  b u t  the weight o f  w eeds is n ecessary  for establishing the  
eff ic iency of h erb ic ides or the herbicide com binations.
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RELATIONSHIPS BETWEEN 
GROWTH CHARACTERISTICS OF 

MAIZE HYBRIDS AND SUGAR BEET VARIETIES
By

I. P r é c s é n y i

HAS RESEARCH IN S T IT U T E  FOR BOTANY, VÁCRÁTÓT 

(R eceived  Ju n e  10, 1977)

On th e  b asis of a co rre la tio n  m a tr ix  be tw een  th e  g row th  ch arac te ris tics  (R G R . 
N A R , L A R , R L G R , LAI, CGR a n d  efficiency) o f tw o genetica lly  d ifferen t m aize 
h y b rid s (D K X L -3 4 2  and O SSK -218) an d  tw o sugar b ee t v a rie ties (B eta  poly M/102 
an d  K aw em ono), principal co m p o n e n t analyses were m ade to  show  w hether a fa c to r 
can  be d e te c te d  in  re la tion  to  w h ic h  th e  g row th  analysis ch arac te ris tics  of th e  tw o 
d ifferen t a g r ic u ltu ra l  p lan ts, g ro w n  am ong  d ifferen t conditions, reac t sim ilarly , or 
w h e th er th e re  ex is ts  a facto r c h a ra c te r is tic  only o f one species. The f irs t co m ponen t 
o f th e  m aize h y b rid s  contains a fa c to r  w hich  can  be  considered  id en tica l in  th e  h y b rid s. 
T h is can  be re g a rd e d  as the g en era l fa c to r . T he second co m ponen t sep ara tes  th e  h y b rid s , 
an d  th is m ay  be th e  genetical f a c to r . Since th e  fa c to r occuring  in  th e  f irs t com ponen t 
does n o t se p a ra te  the  genetically  d iffe re n t h y b rid s an d  seems d ifferen t also from  th a t  
occuring  in  th e  su g ar beet v a rie tie s , th is  fa c to r m ay be c h a rac te ris tic  o f m aize. S im ilarly , 
in  th e  case o f su g a r beet v a rie tie s, th e  f ir s t  com ponen t m ay  c o n ta in  a fac to r c h a ra c te r­
istic  of su g ar b e e t. No sep ara tin g  fa c to r  occurs in  th e  sugar b eet varie ties. T he signs 
R G R  and  R L G R , R G R  and e ffic ien cy , N A R  and  efficiency w eights are id en tica l in  
th e  va rio u s co m ponen ts in b o th  species (w ith  th e  ex cep tion  of one case in th e  m aize 
hybrids). T h e  fa c to r  influencing R G R  ac ts  sim ilarly  on R L G R  an d  efficiency, an d  th e  
one w hich effec ts  N A R  acts s im ila rly  on  efficiency as well. L A R  and  L A I re ac ts  in  
p la n ts  c o n tra r ily  to  all factors, th e y  can  never be fo u n d  on id en tica l p a r ts  of th e  axes. 
All th is , in d ic a te s  sim ilarities b e tw e e n  th e  d ifferen t species. I t  seems, th a t  a lth o u g h  
we analysed  v e ry  different species, also  g row n am ong d iffe ren t conditions of cu ltiv a tio n , 
th e re  ex is t fa c to rs  to  which th e  v a r io u s  g row th  analysis ch arac te ris tics  re ac t sim ilarly . 
In  assessing th e  resu lts , we m u s t ta k e  in to  considera tion  th a t  th ey  are va lid  on ly  in 
th e  system  chosen.

The re la tio n sh ip s  betw een th e  ch arac teris tics  used  in  g row th  analysis 
an d  th e  clim atic  fac to rs, n u tr ie n t su p p ly  and  d en sity , have  been s tu d ied  b y  
severa l researchers (e.g. B riggs - K i d d — W e st , B l ack m a n , W a t s o n , T h o r n e , 
H u g h e s , etc.). In v estiga tions w ere m ade in ex p erim en ta l conditions in n u m e r­
ous cases, th u s  th e  effect of th e  tre a tm e n t(s )  was gu aran teed . The tre a tm e n t 
w as selected on th e  basis of p rev io u s  know ledge an d  hypo thesis . The effect 
o f te m p e ra tu re , ra d ia tio n  and  s ta n d  den sity  on th e  ch arac teris tics  was n o t 
fre q u e n tly  exam in ed . The re la tio n sh ip s  betw een  th e  ch a rac teristics have on ly  
been  s tu d ied  to  a slight e x te n t. T h e  cause of th is  m ay  be found  in  th e  fa c t 
th a t  co rre la tions ex ist am ong th e  ch arac teris tics  ( B riggs — K i d d —W est  
1920, W at so n  1952).

S ta r tin g  fro m  th e  co rre la tio n s  e x te n t betw een  th e  g row th  analysis 
ch a rac teris tic s  o f  tw o  ag ricu ltu ra l species (m aize and  sugar bee t), we a tte m p te d
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to  d e te c t w hether th e re  exists a fac to r to  w hich th e  g row th  analysis ch a rac ­
te r is tic s  of tw o d iffe ren t species grow n am ong d ifferen t conditions reac t 
s im ila rly , and  w h e th e r th e re  can be found  a fac to r ch a rac te ris tic  only  of 
th e  species.

M aterial and  m ethod

T he descrip tion  a n d  g ro w th  analysis o f tw o  genetica lly  d ifferen t m aize h y b rid s (D K X L - 
342 an d  OSSK-218) w ere p u b lished  by  P r é c s é n y i — C z i m b e r — C s a l a — Szőcs— M o l n á r  and  
M e l k ó  (1976), on th e  basis o f p lan ts  c u ltiv a te d  a t  B áb o ln a , in 1974.

T he descrip tion  a n d  grow th  analysis o f th e  tw o sugar b eet v a rie tie s  (B e ta  poly M/102 
a n d  K aw em ono) were g iven  b y  P r é c s é n y i — B o g n á r — C z i m b e r  and  V i r á g h  (1977). The v a r ie ­
ties m ay  genetically  be closely re la ted  (no d a ta  on  th e  p roducing  of K aw em ono w ere p rov ided  
b y  th e  p roducer firm ): m orpholog ically  an d  in  g ro w th  ch arac te ris tics  th e  v a rie tie s are very  
n e a r  to  each o ther. T he g ro w th  analysis w as m ad e  on th e  basis of p la n ts  grow n a t Csorna, 
in  1976.

In  b o th  cases, th e  d a ta  were ob ta in ed  fro m  p lan ts  grow n in th e  fields.

Table 1

Correlation between the growth characteristics o f  maize hybrids 
(O S S K -2 1 8  and  D K X L -3 4 2 )

D KX L
OSSK RG R NAR LAR RLGR LAI Efficiency CGR

R G R 0.600 0.491 0.845 — 0.545 0.709 — 0.409

N A R 0.173 — 0.700 0.200 0.164 0.654 0.173

L A R 0.591 — 0.573 0.782 0.973 0.273 — 0.900

R L G R 0.754 — 0.436 0.927 -0 .8 5 4 0.482 - 0 .7 7 3

L A I —  0.536 0.554 — 0.963 - 0 .8 7 3 —  0.273 0.927
E ffic iency 0.554 0.718 —  0.154 0.055 0.163 0.000
CGR -  0.464 0.645 — 0.900 - 0.809 0.936 0.254

Table 2

Correlation between the growth characteristics o f  sugar beet varieties 
(B e ta  po ly  M /102  and  K awem ono)

Beta poly

Kawemono
RG R NAR LAR RLGR LAI Efficiency CGR

R G R 0.796 0.846 0.843 — 0.804 0.752 0.028

N A R 0.912 0.500 0.753 — 0.489 0.884 0.378

L A R 0.703 0.375 0.653 - 0 .7 1 8 0.389 - 0 .2 0 7

R L G R 0.861 0.798 0.568 - 0 .6 3 9 0.794 0.139

LAI — 0.682 - 0 .4 5 3 - 0 .8 0 0 - 0 .5 6 4 -  0.552 0.389

E ffic iency 0.912 0.939 0.455 0.819 - 0 .5 5 0 0.252

CGR 0.253 0.478 — 0.253 0.271 0.343 0.371
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B y m eans of p rin c ip a l com ponent an aly ses o f th e  m a trice s  o f correlations be tw een  
the  ch arac te ris tics  co m p o n en ts  can  be produced  t h a t  are  u n c o rre la te d  and  in w hich th e  ce rta in  
v a ria tes (in  th e  p re sen t case th e  g row th  analysis c h a rac te ris tic s )  h av e  weight. A nalyses o f th e  
w eight m a tr ix  m ay  call a tte n tio n  to  phen o m en a  w hich  hav e  n o t  o r h a rd ly  been s tu d ied  so 
fa r; th ey  m ay  p o in t to  fu r th e r  researches ( L a w l e y — M a x w e l l  1963). The id en tific a tio n  of 
the  com ponents w ith  a c e r ta in  (e.g. an  ecological) fa c to r f req u e n tly  encounters d ifficu lties , 
because th e  fac to rs  m u s t be in d ep en d en t ow ing to  th e  indep en d en ce  of th e  very  co m p onen ts.

R G R , N A R , L A R , R L G R , L A I, CGR a n d  efficiency w ere d raw n  in to  our analyses. 
For the  basic  d a ta  of p rin c ip a l com ponent analyses, we used  a co rre la tio n  m atrix . The co rre la ­
tions be tw een  th e  v a rio u s ch arac te ris tic s  w ere ca lcu la ted  by  th e  S p e a r m a n  ran k  co rre la tio n  
coefficient (See Table 1 a n d  2). E v a lu a tio n  w as m ade  on th e  basis  o f weights o b ta in ed  a fte r  
ro ta tio n . C om ponents w ere considered  in  w hich  th e  w eigh t o f a t  le a s t one of the  v a riab les w as 
greater th a n  0.5.

R esults

E x am in in g  th e  w eights of th e  m aize h y b rid s  (T able 3) it  appears th a t  
th e  hyb rid s do n o t sep a ra te  in th e  f irs t  com ponen t. T here is a fac to r in  th is  
com ponen t w hich in  com parison  w ith  L A I an d  CG R acts oppositely  on th e  
LA R an d  R L G R  of b o th  hyb rid s. I f  i t  h a s  a p ositive  effect on LA R and  R L G R ,

Table 3

M a tr ix  o f  component weights. M aize  hybrids

^ '^ '^ ^ ^ C .o m p o n e n t

Variable

D KX L OSSK

I II I I I IV I II II I IV

RGR 0.394 - 0 .2 6 2 0.480 0.748 0.518 0.505 0.683 —  0.086

NAR —  0.145 - 0 .9 3 6 0.384 0.247 — 0.446 0.631 0.054 —  0.624

LAR 0.798 0.642 0.222 0.249 0.936 — 0.103 0.255 1 0.156

RLGR 0.754 — 0.055 0.283 0.550 0.830 0.075 0.455 0.205

LAI - 0 .9 4 1 — 0.175 - 0 .1 9 4 —  0.179 - 0 .9 8 0 0.094 -0 .1 2 1 —  0.089

Efficiency 0.092 - 0 .2 0 6 0.955 0.240 —  0.081 0.938 0.135 —  0.083

CGR —  0.986 —  0.074 0.091 —  0.132 —  0.907 0.180 - 0 .1 3 1 —  0.188

V ariance, % 60.2 32.8 7.8 2.9 63.5 29.2 2.7 2.4

th en  i t  is neg a tiv e  on L A I and  CGR. This co m p o n en t can  be called L A R - 
R L G R  versus L A I-C G R  com ponent. Since th e  h y b rid s  reac t sim ilarly  to  th e  
co n ten t o f th is  co m p o n en t, i t  can  also be  called genera l com ponent. The second 
com ponen t m ay  h a v e  a genetical co n te n t, since i t  separates the  h y b rid s . 
In  D K X L , th e  th ird  is th e  efficiency com ponen t. T he fo u rth  com ponen t of 
D K X L , an d  th e  th ird  com ponen t of O SSK  is th e  co m p o n en t R G R . T he fo u r th  
com ponent of O SSK  is N A R .

In  D K X L  th e re  are  tw o, in  O SSK  th e re  is one, com ponent in  w hich  
a variab le  each s tan d s  w ith  an  opposite  sign.

I f  th e  sequence of com ponents is considered  an  o rder of im p o rtan ce , it  
becom es ev id en t th a t ,  a lthough  th e re  are  com p o n en ts  in  hybrids co n ta in in g
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fac to rs  w hich effect efficiency an d  R G R , th e ir  place is d iffe ren t in  th e  row  
o f com ponents.

The signs of th e  w eights of R G R  an d  R L G R , of N A R  an d  efficiency , 
o f R G R  and  efficiency, o f LA I and  C G R , are  w ith  the excep tion  o f one com po­
n e n t, iden tica l in  h y b rid s . The w eig h t signs of LA R and L A I are  opposite  is 
th e  case of all com ponen ts in th e  h y b rid s .

E ach  of th e  fac to rs  has a u n id ire c tio n a l influence on th e  L A R  of D K X L . 
S im ilarly , each o f th e  factors has a u n id irec tio n a l influence on L A I, b u t  i t  
is o f an opposite  d irec tion  as th e  one effected  on LAR. In  th e  case of O SSK , 
th e  fac to rs effect R L G R  iden tica lly .

F rom  th e  m a tr ix  of th e  w eights of th e  com ponents of su g ar b ee t varie ties  
it  appears (Table 4) th a t  the  v a rie tie s  do n o t separa te  according to  an y  o f th e  
com ponen ts. C o n tra rily  to  th e  v a ria b le  w ith  a great w eight on th e  in d iv id u a l 
co m ponen ts, th e re  are  variab les w ith  a sm all w eight in m ost of th e  cases;

Table 4

M a trix  o f component weights. Sugar beet varieties

Component

V ariable

Beta poly

I II I I I IV V

R G R 0.558 0.020 0.688 0.235 0.345

N A R 0.851 0.263 0.346 0.118 0.128

L A R 0.195 0.141 0.938 0.136 0.180

R L G R 0.558 0.075 0.436 0.673 0.200

L A I — 0.354 0.342 — 0.472 — 0.176 — 0.709

E ffic iency 0.915 0.109 0.160 0.245 0.207

CGR 0.197 0.966 — 0.098 0.036 — 0.124

V ariance, % 64.2 22.2 6.7 3.1 2.3

Component

V ariable

Kawemono

I I I I I I IV V

R G R 0.806 0.500 0.117 0.221 0.153

N A R 0.920 0.156 0.261 0.169 0.116

L A R 0.252 0.926 — 0.173 0.155 0.157

R L G R 0.637 0.328 0.123 0.674 0.125

L A I -0 .379 — 0.569 0.317 - 0 .1 3 9 — 0.642

E fficiency 0.909 0.213 0.164 0.188 0.170

CGR 0.284 0.168 0.935 0.064 0.105

V ariance, % 64.9 24.3 4.6 3.1 2.0
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exceptions are th e  second com ponent of K aw em ono  and  th e  th ird  com ponen t 
of B e ta  po ly , a lthough  in  th is  la tte r  one th e  w eig h t does n o t reach  th e  0.5 value.

On th e  f irs t co m p o n en t, NA R and  effic iency  have g re a t w eights. W ith  
th e  ex cep tion  of L A I, th e  o th e r variab les h a v e  a positive w eigh t, th e  w eight 
o f L A I does n o t even reach  0.4. The f irs t  com ponen t m ay  co n ta in  a fac to r 
w hich m a y  he a genera l fac to r, ch a rac te ris tic  o f th e  tw o va rie tie s . On th e  
second com ponen t of B e ta  poly and  on th e  th ird  com ponen t o f K aw em ono, 
th e  p a tte rn  of the  w eigh t signs is iden tica l. T h e  w eight of th e  CGR is m ax im um  
on th e  tw o  com ponen ts. The th ird  co m p o n en t o f B eta  p o ly  seem s iden tica l 
w ith  th e  second co m p o n en t of K aw em ono , L A R  is opposed  to  L A I. T he 
fo u rth  an d  th e  f if th  com ponen ts can be re g a rd e d  as id en tica l in  th e  varie ties, 
th e  w eights of th e  v a riab les  differ on ly  to  a sligh t e x te n t from  each o ther. 
On th e  fo u rth  com ponen t i t  is R L G R , on th e  f if th  LA I, w hich has th e  g rea tes t 
w eight.

In  b o th  v a rie tie s  th e re  is one co m p o n en t w hich reac ts  opposite ly  on 
tw o va riab les . In  th e  sequence of th e  com p o n en ts  of th e  v a rie tie s , opposite  
signs occur in  the  f irs t  th ree , while th e  c o n te n t o f the  fo u rth  an d  fifth  com po­
n en ts  m ay  be id en tica l.

The signs of R G R , N A R , R L G R , and  o f th e  efficiency w e ig h t  are id en tica l 
on all com ponen ts. T he signs belonging to  th e  L A R  and  L A I w eig h ts  are  in 
opposition  on the  com ponen ts.

L e t an y  one of th e  tw o varie ties be con sid ered , th e  signs of th e  w eights 
of R G R  an d  R L G R , of R G R  and efficiency, of N A R  and  efficiency, are  id en tica l 
on th e  com ponen ts, w ith  th e  exception  of one case of th e  m aize. T h is m eans 
th a t th e  fa c to r  effecting  R G R  has a sim ilar d irec tional in fluence  on R L G R  
and  efficiency; and  aga in , th e  factor effecting  N A R  has an id en tica l d irec tional 
effect on efficiency. N a tu ra lly , th is holds also for th e  o th e r tw o v a riab les: 
the  fac to r  effecting  efficiency effects in  th e  sam e d irec tion , for exam ple, N A R .

The opposition  b e tw een  LA R an d  L A I ex is ts  b o th  in  th e  m aize hy b rid s  
and  th e  su g ar bee t v a rie tie s . This opposition  is so s trong  th a t  if  it  is dem on­
s tra te d  on th e  com ponen ts, th e y  will get in  d ifferen t q u a rte rs  of a co -o rd in a te  
system . S im ilarly  as th e  w eights on th e  axes, th e n  the tw o ch arac teris tic s  lie 
in opposite  q u a rte rs  in a tw o-d im ensional case ; if, for exam ple , L A R  is in  th e  
f irs t q u a r te r , th en  L A I is in the  th ird . T h is phenom enon is w o rth y  of 
a tte n tio n  because th e re  are  tw o d ifferen t species involved.

W hen  assessing th e  resu lts , we m ust n a tu ra l ly  also ta k e  in to  co n sid e ra ­
tio n  th e  fa c t th a t  th e y  are  valid  only  in  th e  chosen sy s tem  (for th e  seven 
grow th analysis ch a rac te ris tic s  m entioned  above).

A ltho u g h  we endeavoured  to id en tify  th e  com ponents as fa r  as possib le  
th is does n o t m ean th a t  th e y  are the  v e ry  fac to rs . On th e  basis of th e  r e s u l ts  
of th e  analysis , th e  d irec tio n  of fu rth e r  re sea rch  m ay b e  in d ic a te d  and  th e  
questions posed  be solved b y  m eans of fu r th e r  re sea rch .
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NICHE STUDIES ON SOME PLANT SPECIES 
OF A GRASSLAND COMMUNITY III

O V E R L A P  IN V E S T IG A T IO N S B Y  C L U ST E R  A N A L Y SIS  

I. P r é c s é n y i , G. F e k e t e ,* Б . Melkó and E . Molnár

HAS RESEA R C H  IN STITU TE FO R BOTANY, VÁCRÁTÓT;
* BOTANICAL D EPA R T M E N T OF T H E  NATURA L HISTORY M USEUM , BUDAPEST

(R eceived O ctober 5, 1977)

T he a u th o rs  s tu d ied  th e  niche ov erlap  of nine p la n t  species of a grassland com ­
m u n ity , in  tw o d im ensions (soil m oistu re  c o n te n t and  ro o t d e p th ,  and  the  com b in a tio n  
of these), in  sum m er a n d  au tu m n . F or a fu r th e r  analysis o f th e  overlaps, cluster analysis 
is suggested  in th is p a p e r , w hile for th e  e s tim a tio n  of o verlaps, th e  use of the E u clid ean  
d istance be tw een  species (chord  d istance, d), o r m ore e x a c tly  th e  form ula (2— d 2) 
(Orlóci 1967). C luster analysis was c a rried  o u t on th e  b asis  o f th e  average linkage 
c lustering . T h e  sum m er an d  th e  a u tu m n  dendrogram s c an  be  com pared w ith  one 
an o th e r; seasonally , th e  sim ila rity  is g re a te r  according to  th e  soil m oisture co n te n t, 
an d  again  i t  is sm alle r according to  ro o t d e p th ; facto r co m b in a tio n s take a m iddle  
position. The d en d ro g ram s also tes tify  th e  a u th o rs ’ earlie r s ta te m e n t according to  
w hich th e  overlap  p ic tu re  according to  fa c to r  com b in a tio n s is n e a re r  to  th a t  accord ing  
to ro o t d ep th .

Niche overlap  be tw een  tw o or m ore species is an  in d ica tio n  of com m on 
resource ex p lo ita tio n . I t  im plies a ce rta in  degree of s im ila r ity  in the re q u ire ­
m ents of th e  various species (S h u g a r t — P a t t e n  1972). T he lack of overlap  
is an ind ica tion  of e ffic ien t resource d iv ision  (Co d y  1968).

A w ay of e s tim a tin g  th e  degree of overlap  is to  d e te rm in e  the E uclidean  
d istance (d ) be tw een  species on the  n iche axis exam in ed , or the  so-called 
chord d istance (O rlóci 1967). The value of chord  d is tan ce  m ay  v a ry  betw een 
0 and  1.41. T he g rea te r th is  value is on th e  axis exam in ed , the  sm aller th e  
overlap  betw een  th e  tw o  species given. F o r th e  e s tim a tio n  of the overlap  
value, the  ap p lica tion  of v a lu e  (2 - d2) is suggested.

By using th e  c lu s te r analysis we w a n te d  to  o b ta in  an  answ er w hether, 
on th e  basis of th e  overlap  values, there  can  be found  c lu sters  am ong the species. 
In  th e  analysis, f irs t th o se  species fuse am ong  w hich th e  overlap  is g reat, th e  
resource ex p lo ita tio n  is sim ilar, and  th e  req u irem en ts  are  n e a r  to  one ano ther. 
T hen  the  fusion s im ila rity  decreases in th e  course of fusion  as more and m ore 
species belong to  th e  v a rio u s groups.

M aterial and m ethod

In  our fo rm er tw o p a p e rs  (F e k e t e  e t al. 1977; P r é c s é n y i e t  al. 1977) the  m ethods, 
aim s and  resu lts  of th e  n iche ex am in atio n s in to  p la n t  species of g ra ss lan d  com m unities were 
described. To th e  p resen t p a p e r  th e  d a ta  from  th e  p reced ing  stud ies h a v e  b een  used (Tables 1— 3).
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T a b le  1

Niche overlap o f  species. Soil moisture

Festuca
Medi­
cago Thymus

Fuma­
na

Euphor­
bia Car ex Cynodon

Equise­
tum

Centau­
rea

Festuca 1.56 1.84 1.22 1.00 1.96 1.76 1.72 1.76

Medicago 1.57 1.72 0.81 0.76 1.42 1.74 1.62 1.48

T h ym u s 1.80 1.99 0.86 0.82 1.83 1.86 1.53 1.17

F um ana 0.84 0.81 0.85 1.91 0.49 0.50 0.21 0.69

Euphorbia 1.14 1.23 1.24 1.82 0.54 0.56 0.47 0.96

Car ex 1.49 1.71 1.71 1.49 1.85 1.77 1.86 1.34

Cynodon 0.91 0.92 0.94 1.97 1.93 1.62 1.42 1.54

E quisetum 1.20 0.93 0.93 1.94 1.83 1.55 1.93 0.82

Centaurea 1.19 1.10 1.05 1.68 1.89 1.66 1.92 1.75

In  th e  u p p e r sem im atrix  th e  su m m er v a lu es , in  th e  lover sem im a trix  th e  a u tu m n  va lues.

T a b le  2

Niche overlap o f  species. Root depth

Festuca
Medi­
cago Thymus Fuma- Euphor­

bia Carex Cynodon
Equise­

tum
Centau­

rea

Festuca 1.25 1.68 0.05 1.05 1.09 1.87 1.78 1.40

Medicago 1.64 1.89 0.00 0.45 1.98 1.07 1.18 0.53

Th ym u s 1.69 1.99 0.00 0.67 1.82 1.51 1.61 0.85

F um ana 0.37 0.17 0.12 1.42 0.00 0.62 0.00 0.00

Euphorbia 1.23 0.48 0.36 1.24 0.32 1.24 0.64 1.07

Carex 1.96 1.93 1.89 0.24 0.90 0.92 1.13 0.27

Cynodon 0.49 0.36 0.24 1.18 1.27 0.42 1.68 1.33

Equisetum 1.13 0.78 0.75 1.66 1.73 0.96 1.39 0.63

Centaurea 0.96 0.84 0.74 1.28 1.46 0.89 1.76 1.78

I n  th e  u p p e r sem im a trix  th e  sum m er v a lu e s , in  th e  lover sem im a trix  th e  a u tu m n  values*

The so-called average linkage c lu s te rin g  m eth o d  has been used (S o k a l -M ic h e n e r  1958).
T he m ax im u m  fusion  s im ilarity : 2; th e  m in im um  one: 0. T he d is tan c e  be tw een  0 a n d  2 

w as a rb itra r ily  d iv id ed  in to  four p a r ts :  2 .0— 1.5; 1.5— 1.0; 1.0— 0.5; 0 .5— 0. In  th is  w a y ,  
a m ore  easily  su rv ey ab le  p ic tu re  of fu s io n  w as o b ta ined .

F or co m paring  th e  s tru c tu re s  o f th e  dendrogram s, P h ip p s ’s m eth o d  (1971) w as used  
w ith  th e  d ifference th a t  th e  chord  d is tan c e  w as calculated .
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T a b le  3

Niche overlap o f  species. C om bination o f  soil moisture and root depth

Festuca Medi-
cago Thymus

Fuma­
na

Euphor­
bia Carex Cynodon Equise­

tum
Centau­

rea

Festuca 0.53 1.09 0.05 0.53 1.01 1.27 1.47 0.89

M edic ago 1.31 1.70 0.00 0.18 1.26 0.52 0.56 0.20

Thym us 1.45 1.86 0.00 0.24 1.30 0.89 0.96 0.54

F um ana 0.38 0.13 0.20 1.49 0.00 0.14 0.00 0.00

Euphorbia 0.86 0.34 0.29 1.08 0.35 0.00 0.21 0.59

Carex 0.97 1.21 1.30 0.28 0.67 0.69 1.12 0.26

Cynodon 0.49 0.14 0.28 1.18 1.17 0.40 1.54 0.43

Equisetum 0.50 0.38 0.16 1.05 1.16 0.33 0.97 0.00

Centaurea 0.78 0.27 0.28 0.78 1.39 0.27 1.50 1.11

I n  th e  upper se m im a tr ix  th e  sum m er v a lu es, in  th e  lo v er se m im a trix  th e  a u tu m n  v a lues.

R esu lts

Soil m oisture content

As regards soil m oistu re  co n te n t, d ifferen t c lusters to o k  form  in sum m er 
and  in au tum n (F igs 1 and 2). In  sum m er, fo u r clusters o f tw o species can  
be found  betw een 2 .0  an d  1.5 s im ila rity  va lues. One species, Centaurea, fuses 
w ith  th e  Festuca-Carex-Thym us-Cynodon  c lu ster w ith  s im ila rity  values betw een
1.5 and  1.0; to  th is  c lu s te r  of five species loosely links the  M edicago-Equisetum  
species pa ir; an d  a g a in , to  th is  c lu s te r  of seven species such  form ed links, 
w ith  a very  low s im ila r ity  value, th e  F um ana-E uphorbia  species pair of v e ry  
s tro n g  sim ilarity  v a lu e . In  au tu m n , a c luster, consisting  of a species p a ir  
(M edicago-Thym us), w ith  sim ilarity  va lu es  betw een  2.0 an d  1.5, takes fo rm , 
an d  also two such c lu s te rs  th a t consist of th ree  species each. To th e  Medicago- 
T hym us  species p a ir , a t  s im ilarity  va lu es  betw een  1.5 and  1.0, links the  Festuca, 
an d  in  th is sam e reg io n  the form er tw o  c lu sters , consisting  of th ree  species 
each, fuse. T hen, a t  th e  sim ilarity  va lu es  betw een  1.0 an d  0.5, the  clusters 
consisting  of th ree  a n d  of six species also fuse.

Root depth

The root d e p th  dendrogram s (F igs 3 an d  4) show  n o t m ore sim ila rity  
th a n  th a t  a t v a lu es  betw een  2.0 a n d  1.5 th e re  can be fo u n d  th ree  clusters 
consisting  of tw o species pairs, b u t these  species pa irs are  n o t identical in 
a u tu m n  and su m m er. The dendrog ram  show s one species p a ir  ( F um ana- 
Euphorbia), and  a c lu s te r  consisting o f four species, a t  s im ila rity  values be-
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F i g .  1 .  Dendrogram of soil moisture content, summer

Fig. 2. Dendrogram  of soil m ois ture  content,  a u tu m n
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F ig. 3. D endrogram  of roo t d ep th , sum m er

A d a  Botanica Academiae Scientiarum Hungaricae 23, 1977

F ig . 4. D endrogram  o f  ro o t d ep th , a u tu m n



372 P R É C S É N Y I, I. —F E K E T E , G .-M E L K Ó , E. -M O L N Á R , E .

F ig . 5. D endrogram  o f c o m b in a tio n  of soil m oistu re  c o n ten t a n d  ro o t d e p th , sum m er

Fig. 6. D endrogram  of co m b in a tio n  of soil m oistu re  c o n ten t a n d  ro o t d e p th , au tu m n
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tw een 1.5 and  1.0, in sum m er. In  th e  n ex t s im ila rity  ca teg o ry  (1.0 -0.5), 
Centaurea is th e  f i r s t  to  fuse w ith  th e  four species c lusters  m en tioned  above, 
th e n  comes th e  M edicago-Carex species pair. To th e  seven-m em bered  c lu ster 
th u s  form ed, loosely  links the  F um ana-E uphorbia  species p a ir. In  a u tu m n , 
a great s im ila rity  v a lu e  is show n b y  th e  M edicago-Thym us  an d  the  Festuca- 
Carex species p a ir . These four species fuse a t  s im ila rity  va lu es  betw een 1.5 
and  1.0, and fo rm  a four-m em bered  c lu ster w hich links o n ly  a t  th e  la s t fusion 
to  the o ther fiv e-m em b ered  c luster, w hich has ta k e n  form  also in th e  sim ila rity  
category  w ith  va lu es  betw een 1.5 and  1.0.

Combinations

The d en d ro g ram s show d ifferen t p ic tu res w ith  regard  to  also the  com bi­
n a tio n  of soil m o is tu re  co n ten t and roo t d ep th  (h e re in a fte r: com binations; 
Figs 5 and 6). In  th e  dendrogram  com piled on th e  basis o f sum m er m easure­
m ents, there  a re  th re e  species p a ir  to  fuse, and  again  in  th e  a u tu m n  m easure­
m ents there  are  tw o , in  th e  s im ila rity  ca tegory  of 2.0 —1.5. T he Medicago- 
T hym us  species p a ir  em erges in th is  category  in sum m er an d  a u tu m n  as well. 
T he F um ana-E uphorb ia  species p a ir  m a in ta in s  its  independence  up to  th e  
la s t fusion in su m m er, and also Centaurea occurs sep a ra te ly  up  to  the  fusion 
before the  la s t. In  sum m er, in  th e  sim ila rity  ca teg o ry  of 1.5 — 1.0 there  can  
be  found tw o c lu s te rs  consisting  of th ree  species, w hich fuse in  th e  n e x t ca te ­
gory. In  a u tu m n , again  th ere  occur tw o th ree-m em b ered  c lu ste rs  in the 1.5
1.0 sim ilarity  ca teg o ry , b u t these  are co n stitu ted  of o th e r  species th a n  those 
found  in th e  su m m er dendrogram s. In  th e  n e x t s im ila rity  ca tegory , th ere  
occur a four- an d  a five-m em bered  cluster.

Conclusions

The Centaurea  and  th e  F um ana-E uphorbia  species p a ir  in sum m er 
sep ara te  from  th e  o th e r species w ith  regard  to  th e  tw o  dim ensions and  also 
th e ir  com bina tion . T he d ifferen t b eh av io u r of F u m a n a  from  th e  o ther species 
has a lready  been  in d ica ted  in our fo rm er p ap er ( F e k e t e  e t  al. 1977). The 
fac t, how ever, t h a t  E uphorbia  behaves sim ilarly  to  F u m a n a  has been detec ted  
only now. O ur a t te n tio n  to  th e  sep ara tio n  of Centaurea  has been called b y  
th e  analysis.

On the  basis  o f th e  dendrogram s i t  seems th a t  in  a u tu m n , a t  s im ilarity  
va lues betw een  2.0 an d  1.0 th ere  are a lready  g rea te r  c lusters  to  form , while 
in  sum m er th e y  occu r only a t values low er th a n  1.0. This m a y  be an  ind ica tion  
th a t  the  req u irem en ts  of species are m ore d ifferen t in  sum m er.

A ccording to  th e ir  s tru c tu re s , the  dendrog ram s show ed th e  following 
order: co m bina tions, su m m er-au tu m n  (d =  0.379); ro o t d ep th s , sum m er-
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a u tu m n  (d =  0.537); a n d  soil m o istu re  c o n ten t, su m m e r-a u tu m n  (d =  0.553). 
S tru c tu ra lly , th e  den d ro g ram s of th e  com binations are  a t  m ost in  th e  v ic in ity  
o f one ano ther.

In  the  tab le  below , the  d istances betw een  the  s tru c tu re s  of th e  co m b in a ­
tio n s and  of the  d im ensions are in d ic a te d :

soil m o is tu re soil m o is tu re ro o t d e p th
c o n te n t c o n te n t

sum m er a u tu m n sum m er a u tu m n
г . . sum m er 0.417 0.339

a u tu m n 0.408 0.237

F or com parisons betw een  th e  dendrog ram s, th e  cho rd  d is tan ce  was used. 
In  th e  s im ila rity  categories m en tio n ed  above, th e  ju n c tio n s  w ere counted  
an d , on th e  basis o f th e  frequencies fa lling  to  the  v a rious categories, th e  chord 
d istances were ca lcu la ted . The tw o dendrogram s are  a t  m ost “ s im ila r”  to  
each  o ther betw een  w h ich  th e  d is tan ce  is th e  sm allest.

The sm allest v a lu e  betw een  th e  sum m er and  a u tu m n  den d ro g ram s of 
th e  ind iv idual d im ensions occurred in  soil m oisture  c o n te n t (d =  0.232); th en  
cam e th e  sum m er an d  a u tu m n  d en d ro g ram  of com binations (d =  0.333), while 
th e  g rea test d istance  occurred  b e tw een  th e  tw o den d ro g ram s of ro o t d ep th s
(d  -  0.579).

The dendrog ram s of co m bina tions are nearer to  th o se  of ro o t d ep th s  
th a n  to  those of soil m o istu re  c o n te n t; see the  tab le  below :

soil m o is tu re  
c o n te n t

soil m o is tu re  
co n te n t

sum m er a u tu m n

ro o t d e p th  

sum m er a u tu m n
t . . sum m er com binations a u tu m n

0.539
0.671

0.471
0.493

The resu lts can  su p p o rt th e  a u th o rs ’ earlier s ta te m e n t accord ing  to  w hich 
th e  overlap  p ic tu re  b y  fac to r com b in a tio n s is n ea re r to  th e  overlap  p ic tu re  
o f ro o t dep th .

R E F E R E N C E S

C o d y , M. L. (1968): O n th e  m ethods of resource  d ivision in  g ra sslan d  b ird  com m unities. 
Am er. N a tu ra lis t  102, 107 —147.

F e k e t e , G. —P r é c s é n y i , I . —M o l n á r , E . — M e l k ó , E. (1977): N iche s tud ies on  som e p lan t 
species o f a g ra ss lan d  com m unity  I. A c ta  R ot. Acad. Sei. H u n g , (m scr)

O r l ó c i , L. (1967): A n agg lom era tive  m eth o d  fo r classification of p la n t  com m unities. J .  Ecol. 
55, 1 9 3 -2 0 5 .

P h i p p s , J .  B. (1971): D en d ro g ram  topology . S y st. Zool. 20, 306 — 308.
P r é c s é n y i , I . — F e k e t e , G .—M e l k ó , Е , —M o l n á r , E. (1977): N iche s tu d ies  on  som e p lan t 

species of a g ra ss lan d  com m unity  I I .  A c ta  B ot. Acad. Sei. H u n g , (m scr)
S h u g a r t , H. H . j r . — P a t t e n , B. C. (1972): N iche q u an tifica tio n  an d  th e  co ncep t o f niche 

p a tte rn . In : S y stem s analysis and s im u la tio n  in ecology. E d . b y  P a t t e n , B. C. pp . 284 — 
327. Acad. P ress , N ew  Y ork.

S o k a l , R. R .—M i c h e n e r , C. D. (1958): A s ta tis tic a l m e th o d  fo r ev a lu a tin g  system atic  
re la tionsh ips. U n iv . K ansas Sei. B ull. 38, 1409 —1438.

Acta Botanica Academiae S c ien tia ru m  Hungaricae 2 3 , 1977



Acta Botanica Academiae Scientiarum Hungaricae, Tomus 23 (3 — 4 ), pp. 375 — 392 (1977)

SYSTEMATISCH-NOMENKLATORISCHE 
BEMERKUNGEN ÜBER KRITISCHE TAXA 

DER MITTELEUROPÄISCHEN FLORA
Y on

R. Soó

BOTANISCHER GARTEN DER L. EÖTVÖS UNIVERSITÄT, BUDAPEST 

(A ngekom m en am  1. Sep tem ber, 1977)

As a c o n tin u a tio n  of his earlier s tu d ies (A cta B o t. H ung . 1963— 1971, A nnal. 
U niv . B u d ap es t Sect. Biol. 1964— 1972, w ith  co -au thors; an d  Feddes R ep erto riu m  
1972, 1974), th e  a u th o r  p resen ts his new er s ta tem en ts  o f tax o n o m y  and nom en c la tu re ; 
these are s tam m ed  from  th e  com piling of th e  6 th  volum e o f Synopsis . . . F lorae  Vege- 
ta tio n isq u e  H un g áriáé . M ention m ust be m ade of the new  taxonom ical ev a lu a tio n  of 
th e  sa isonpo lym orph  ecotypes; o f th e  su rvey ing  of ce rta in  c ritica l form  categories and  
aggregates, as reg ard s especially th e  Jovibarba hirta, F ra x in u s  angustifolia , Leucanthe- 
m um  vulgare, Scilla  bifolia  etc. groups.

B eschreibungen  neuer T axa , neue N am en sk o m b in a tio n en , m ik ro sy ste ­
m atische  und  geobo tan ische  B em erkungen  usw ., die im  L aufe m einer Synopsis 
sy stem atico -g eo b o tan ica  habe ich seit 1963 in  m eh reren  S tudienserien  m itg e ­
te il t ,  so besonders «Species e t com binationes novas f lo rae  E urópáé  p raec ipue  
H u n g áriáé  I — X.» A c ta  B o t. A cad. Sei. H ung . 9— 17. (1963— 1971) —  als 
E rg än zu n g  dazu  «N om ina a nobis non  r i te  p u b lica ta» , ib idem  18. 1972 —  
fern er »Uber einige Form enkreise  d er ungarischen  u n d  karp a tisch en  F lo ra  
I — X V III.«  m it versch iedenen  M ita rb e ite rn , A nnal. U n iv . B udapest Sectio  
Biolog. 7— 10., 12, 14. (1964— 1972) u n d  A cta  B ot. 1. c. 14. (1968). Die w ich ­
tig s ten  system atisch -n o m en k la to risch en  E rgebnisse  d e r Synopsis 1— 5. (1964— 
1973) w urden  im  F ed d es  R ep erto riu m  83. 129— 212, 85 . 433— 453 (1972, 1974) 
zusam m engefasst. V orliegende M itte ilung  is t eine F o rtse tz u n g  der g en an n ten  
u n d  bezieh t sich a u f  solche P rob lem e, die w äh ren d  d er B earbeitung  des 
B andes 6. (im D ruck) au ftau ch ten . H erv o rzu h eb en  is t  die neue B ew ertung  
d er sa isonpo lym orphen  Ö kotypen , fe rn e r B esprechung gew isser F orm enkreise  
bzw . Agg. der G a ttu n g e n  Jovibarba, F ra x in u s, Leucanthem um , Scilla.

Pliyllitis Scolopendrium  (L.) Newm . subsp . an tri-jov is  (K üm m erle  M agy. B o t. 
L ap . 19: 3, 192, 1922) Soó comb. n. (B iropteris a.—j .  K üm m erle  1. c., A sp lé ­
n iu m  Scolopendrium  L. subsp. a.—j .  B row nsey et J e rm y  B rit. F ern . Gaz. 
10: 341— 346, 1973).

D ryopteris au striaca  (Ja c q . 1764 sub Polypodio) W o y n ar, nach  H. P . F uchs  
in  J a n c h e n  C atal. F l. A u striae  897, 1960 und  in  Soó Syn. F l. Veg. H u n g . 
1: 546, 1964, nach  dem  O riginal von J a c q u in  is t P terid ium  aquilinum  v a r . 
lanuginosum , dagegen  sch re ib t J e rm y  (B rit. F ern . G az. 10: 106, 1973), d aß
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in  W ien  kein  O rig inal von  J acquiiv v o rh a n d e n  ist, ein E x e m p la r  in L ondon 
(»m on t. H ungaricis«) —  von d e r G rösse abgesehen  — der B eschre ibung  von 
J a c q u i n  en tsp ric h t fü r  L ec to ty p u s  a n n e h m b a r und D. dilatata  ist. Seitdem  
g eb rau ch en  m anche (wie R aitschert  1975) den N am en D . austriaca  fü r 
D . dilatata. M einer M einung n ach  is t  D . bzw . Polypodium  austriacum  nom . 
d u b iu m .

L arix  decidua L. B obrov  N ov. sy s t, p la n t, vase. 9. (1972) w ill L . polonica  
R a c ib . 1912 fü r in trog ressive  H y b r id a r t  v o n  L . decidua u n d  sibirica  b e tra c h ­
te n , doch  kom m en d er po ln isch  u n d  o s tk a rp a tisc h  »L. polonica«  vollkom m en 
id e n tisc h e n  E x em p la re  m it k le inen  Z apfen  u n d  Ü bergänge au ch  in anderen  
k a rp a tisc h e n  und  alp inen  P o p u la tio n en  v o r, wie ich d a ra u f  schon  1932 (B ull. 
Soc. B o t. F r. 79: 658— 659) h ingew iesen  habe . Vgl. auch Soó Feddes R ep. 
83: 176, 1972.

A sp lén iu m  cu n eifo liu m  Yiv. 1806 D ie U n te ra r te n  sind: su b sp . cuneifolium , 
su b sp . serpentini (T ausch  1839) Soó 1972 (subsp . Forsteri (S ad le r 1820) B orb . 
1887), subsp. d acicum  (B orb . T erm . tu d . K özi. P ó tf. 46: 71, 1898 p. sp.) Soó 
comb. n. aus S iebenbürgen . N ach  bew eisenden  A rgum enten  u n g arisch er B o ta n i­
k e r  (B orbás  V asm egye növényf. 1887: 540, ebenso 1. c. 1898, K ümmerle  
S ch ed ae  Fl. H ung . E xs. 4: 22— 25, 1916, J ávorka  1924, Soó 1964, sind die 
P fla n z e n  Ita lien s  (G enova, Orig, v o n  V i v i a n i !) und Ö sterreichs (B urgenlandi!) 
g a r  n ic h t iden tisch . Vgl. auch  Soó F ed d es R ep . 83: 141, 1972.

R a n u n cu lu s auricom us agg. Die aus T h ü rin g en  beschriebene, ab er auch aus 
U n g a rn  und  S iebenbürgen  m itg e te ilte  R . vertum nalis  0 .  Schw arz M itt. T h ü r. 
B o t. Ges. 1: 124— 5, 1949 icon.! is t b e s tim m t R . binatus K it.

A saru m  europaeum  L. subsp . caucasicum  (D u ch artre  1864) Soó 1966 dazu  
S y n .: v a r . A ndreanszkyi Pénzes 1939, v a r. pseudocaucasicum  P aw l. 1956, vgl. 
d ie  neu en  A rbe iten  von  St e i n h ü b l ( 1 9 7 1 ) ,S c h ö n f e l d e r (1 9 7 3 ) ,S e y b o l d  (1974).

P la ta n u s h ispan ica M uenchhausen  1770 (P . hybrida B ro t. 1804, P . acerifolia 
A it. 1789. p . v a r.)  W illd. 1805) U nsere P la ta n  is t wohl m it d e r  P. orientalis 
v e rw a n d te  u ra lte  m ed ite rran e  A rt, n ic h t hybridogen . Vgl. d ie  D iscussion in 
A c ta  A gronom . H ung . 1976 ü b e r die M itte ilu n g  von R a d io s .

R u b u s rhom bilolius W h. e t N. (argenteus au c t.)  subsp. consobrinus (Sudre R uh . 
P y r .  46, 1899 p. sp .), subsp . cryptadenes (Sudre Obsr. B rit. R u h . 31, 1904 
p . sp .), subsp. eallim orphus (S udre 1. c.) subsp . con n atifo liu s e t subsp. race- 
m o su s (N yár. F l. R P R . 4: 909, 1956 sub R . argenteo) Soó comb. n.
R . stenopetaliis P . J .  M uell. e t L ej. 1859 (R . chloocladus W a tso n  1956) subsp . 
ad un cisp in us (S udre R ub i E u r . 86, 1910 p . subsp. R . pubescentis), subsp . 
em o llitu s (Sudre R u b . P y r. 56, 1900 p . sp.) Soó comb. n.
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R . candicans W h. ex  R chb. 1832 subsp . tum idus (G rem li B e itr . z. F l. Schw. 
30, 1870 p . sp.) Soô subsp . aciod on tu s (P . J. Muell. e t L efèvre Pollichia 16— 17: 
83, 1859 p. sp.) Soó comb. n.
R . m icans Gren. e t G odr. 1849 su b sp . albicom us (G rem li B e itr . z. Fl. Schw. 
30, 1870 p. sp.) Soó comb. n.
R . K oehleri W h. e t N . 1825 su b sp . pygniaeus (W h. e t N. ex  B lu ff et F in g erh u t 
Consp. Fl. G erm . 1: 687, 1825 p . sp .) Soó comb. n.
R. tereticaulis P . J .  M uell. 1856 subsp . m iostylus (B o u lay  R onces Vosg. 1868: 
105, p. sp.), subsp . fragariiflorus (P . J. Muell. F lo ra  41: 173, 1858, p. sp.) 
Soó comb. n.
R . m orifolius P . J .  M uell. ssp. con d en satu s (P. J .  Muell. F lo ra  41: 167, p. sp. 1858) 
Soó com b. n.
R . am oenus K oehler ex  W h. ssp. praedatus (Schm idely B ull. H erb . Boiss. 2: 
79, 1903 p. sp.) Soó com b. n.
R . sch le ich en  W h. ex  T ra tt .  1823 subsp . coeru leicau lis (S udre  B ull. Soc. Sc. 
A ngers 35: 47, 1906 p . sp.) Soó comb. n.
R ., rivularis W irtgen  et P . J .  M uell. 1859 —  subsp. an gu stisectu s (Sudre Bull. 
A cad . Géogr. B o t. 15: 231, 1905), subsp . parvulipetalus (S udre  B ull. Soc. Sei. 
A ngers 35: 39, 1906 p. sp.), su b sp . lam prophyllus (G rem li O st. B o t. Zschr. 
21: 94, 1871 p. sp .), subsp . b iserratus (P . J .  Muell. ex  B o u lay  R onces Vosg.: 
115, 1868 p. sp.), subsp . horridulus (P . J .  Muell. ex B ou lay  1. c. 112, 1868 p. sp.), 
subsp . leptobalus (Sudre B at. E u r . 31, 1904 p. sp.), subsp . durotrigum  (R . P. 
M u rray  Jo u rn . B o t. 30: 15, 1892) Soó comb. n.
R . serpens W eihe ex  Lej. e t C o u rt. 1831 subsp. lon g isep a lu s (P . J. Muell. 
B o n p land ia  9: 297, 1861 p. sp.), su b sp . obrosus (P . J . M uell. Po llich ia  16— 17: 
234, 1859 p. sp.), subsp . an a logu s (P . J. Muell. P o llich ia  1. c. 232), subsp. 
h um orosus (P. J. M uell. Vers. M on. R u b . 1859: 156 p . sp .), Soó comb. n.
R . hirtus W. et K . 1805 subsp . P ierratii (B oulay R onces Vosg. 1868: 108 p. sp.), 
su b sp . offensus (P . J .  M uell. B o n p lan d ia  9: 286, 1861 p. sp .), subsp . anoplo- 
cladus (Sudre Bull. Soc. B ot. F r . 52: 337, 1905 p. sp .), su b sp . m inutidentatus  
(S udre  1. c. 323, 1905 p . sp.), subsp . rubiginosus (P . J .  M uell. Po llich ia  16— 17: 
207, 1859 p. sp.), subsp . in terruptus (Sudre Bull. Ass. F r . B o t. 2: 7, 1899 p. sp.), 
subsp . trachyadenes (Sudre C om pt. R endus Congr. Soc. S av . 1908: 233 p . sp.), 
subsp . anisacanthoides (Sudre B u ll. Soc. B ot. F r. 52: 328, 1905 p . sp.), subsp. 
d ecliv is (Sudre C om pt. R endus 1. c. 1908: 233 p. sp.) Soó comb. n.

P oten tilla  im polita W ahlbg . 1814 em . Soô 1963 (P . neglecta B ailing .), M anche 
n eu eren  A utoren  bezw eifeln die I d e n t i tä t  der be id en  T a x a , ab er u n rech t. 
S im o nk ai  (E rdély  fl. 1887, p . 219) schrieb »B aum garten ius n am  non solum 
c ita tio n em  Pot. im politae  W ah lenbg ., sed etiam  diagnosim  illae  ad  suam  stirpem  
descripsit« . P . neglecta is t also illeg itim e  N eubenennung  v o n  P . im polita .
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P . argentea agg. W eite re  K le in a rte n  (A garaospecies): P . pseudocalabra (Th. 
W o lf Mon. P o t. 208, 1908 p. v a r. P . argenteae) e t P . ten errim a (Velen. Fl. 
B u lg . Suppl. 1: 102, 1898 p . v ar. P .  colliane) Soó comb. n. (B o r h id i  1965 p. 
su b sp .).
P . in clin ata  Vili. 1788 em . B all e t W alte rs  л аг. adscendens (W . e t K . ex W illd. 
E n . h o rti Berol. 1: 554, 1809 p. sp .), v a r. hungarica  (W illd . M agaz. N atu r. 
F re u n d e  Berlin 7: 289, 1813 p . sp ., in  B orb. B a la to n  1900: 428 p. v a r . P . adscen- 
d en tis ), var. fallax (U e c h tr . Jb . Schles. Ges. V aterl. K u ltu r  44: 81, 1863 p. var. 
P .  canescentis) —  in d .  P .  B aum garteniana  Schur 1866, S im k. 1887 p. subsp. 
P .  canesc. — , v a r . leop o lien sis (B locki O st. B ot. Z schr. 37: 334, 1887 p. sp., 
A . e t G. Syn. V I. 2: 708, 1904 p . лаг.) Soó comb. n

A lch en iilla  m ontieola O piz v a r. hungarica  (Soó A cta  B o t. H u n g . 9: 424, 1963 
p. sp.) Soó comb. n. (A . p lica ta  au c t. h ung ., sic P alitz  A cta  G eobot. H ung. 
1: 112, 1936, Soó F ed d es В ер . 40: 767).

C onibinationes novae R o sa ru m :
R . caesia  Sm. ex 8 олу. 1812 v a r. coriifolia  (F ries N o v it. F l. Sueciae 33. 1814 
p . sp .), f. oblonga (C hrist R osen  Sclrw. 191, 1875 p . f. R . coriif.), v a r . trichostylis 
(B o rb . Mon. Ros. H u n g . 1880: 438 p. f. R . coriif.), v a r . p sam m oph ila  (Borb. 
ex  H ollós K ecskem ét f l. 107, 1896 p . sp.), v a r . lucida  (B räu ck e r D eutschl. 
R osen  1882: 69 p. f. R . coriif.), v a r  subbiserrata (B orb . 1. c. 439 p . f. R . coriif), 
f. Eschfälleri (W iesb. ex  j .  B . K eller ÖBZ. 33: 377) —  I I .  242 u n ric h tig  Eschfäl- 
leriana  — , var. fru te to ru m  (Bess. C atal. pl. H o rti C rem . S upp l. I l l :  20, 1811 
p . sp .), ssp. su bcollin a  (C hrist 1873) Soó 1971 v a r. incana  (K it. ex Schult. 
O est. F l. I I .  70, 1814 p . sp .), v a r . p u  sztár uni (Deg. ex J á v . 1. c. 580 p . f. R . coriif., 
1924).
R . livescens Bess. 1815 лаг. Ju n d zillia n a  (Christ F lo ra  60: 405 p . f. R . trachy- 
phyllae), f. tolnaensis (B o rb . e t W iesb. in  B orb. M on. R os. H u n g . 384, 1880), 
f. aseticlados (B orb. 1. c. 377 p . f. R . J u n d zillii) , v a r. nem orivaga  (Dés. B illotia 
1: 40, 1864 p. sp.), лгаг. alsatica  (H . B r. V erb. ZBG. 35: 72 1885 p . v a r. R . trachy- 
phyllac), ssp. trachyp hylla  (R au  E n . Ros. W irceb. 124, 1816 p . sp .), f. Schm idtii 
(H . B r. 1. c. 72 p. sp .), f. reticulata  (K ern . ÖBZ 19: 332 1869 p . sp. —  in II . 
230 erroneo »Borb.«) v a r .  leioclada (B orb . 1. c. 378, 1880 sub . R . Jundzillii) , 
v a r .  Grundliana  (D eg. ex  J á v . M agy. F l. 550, 1924 p . v a r . R . J u n d zillii) , var. 
cremsensis (J . K ern , in  B eck. F l. N. Ő st. 805, 1892 p . v a r . R . trachyphyllae), 
v a r .  Trautm anni (D eg. ex  J á v . 1. c. 1924), v a r. speciosa (D és. B illo tia  1: 39, 
1864 p. sp.), var. heteracantha  (C hrist Rosen Schtv. 144, 1873 p ro  f. R . Jundzil-  
lian ae ), var. minor (B o rb . 1. c. 375, 1880 p . v a r. R . J u n d z illii)  . . . Soó.
R . corym bifera B o rk h . 1790 v a r. p la typhylla  (R au  E n . R os. W irceb. 82, 1816 
p . sp .), var. sphaerocarpa  (P u g e t ex Dés. Soc. B o t. Belg. 15: 377, 1876 p. sp.), 
v a r .  platyphylloides (C hab . ex  Dés. et R ip a rt Soc. B o t. Belg. 15: 376, 1876
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p. sp.), var. R eussii (H . B r. Y erh . ZBG. 35: 104, 1885 p . sp .), v ar. obscurci 
(P u g e t ex Dés. 1. c. 374, 1876 p . sp .), v a r  semiglabra (R ip a r t  ex  D és. 1. c. 373, 
1876 p . sp.) v ar. urbica  (L em an  B ull. Soc. Phil. 1818: 93 p . sp .), v a r. ramealis 
(P u g e t ex Dés. 1. c. 372, 1876 p. sp .), v a r . globata (D és. 1. c. 374, 1876 p. sp.), 
v a r . peropaca (H . B r. B er. B o t. V er. L an d sliu t 1889: 107) v a r . hirta  (H . Br. 
ex O horny  F l. M ähren  908, 1886), v a r . urbicoides (C rép. Soc. B o t. Belg. 8: 240, 
1869 p . sp., nom . n u d . ex  H . B r. in  Beck 1. c. 797), v a r . trichoneura  (R ip a rt ex 
D és. 1. c. 375, 1876 p . sp .), v a r. subm itis  (G ren. ex  B illo t S chu ltz  A rch. 1852: 
332 p . sp.), v a r. leptotricha  (B orb . 1. c. 430 p . v ar. R . dum etorum , 1880), v ar. 
Brachtii (H . Br. ÖBZ 44: 20, 1894 p. sp .), v a r. W alziana  (B orb . ÖBZ. 41: 423 
p . sp .), v a r. incanescens (H . B r. ex  K ern . Schedae F E A H . 5: 15, 1888 p. sp.), 
v a r . cinerosa (Dés. 1. c. 380, 1876 p . sp .), v ar. Rocheliana  (H . B r. ex K ern . 
1. c. 1888 p. sp.), v a r . subglabra (B orb . 1. c. 426, 1880, B u d a p e s t fl. 1879: 161 
]i. v a r. R . dum etorum ), v a r . semiglauca  (B orb . 1. c. 1880, e t 1879 nom . scm inu- 
d um , p. v a r. R . dum etorum ), v a r. ju n c ta  (P u g e t ex  H . B r. ZBG . 38, 1887: 64 
p . ssp. R . uncinellae), v a r . decalvata (Crép. ex H . B r. in  B eck  F l. NO. 800. 
1892 p . v a r. R . dum etorum ), v a r . A n n o n ia n a  (P u g e t ex  Fl. B r. Y erh. ZBG 
35: 95, 1885 p. sp.), v a r . rivularis  (H . B r. et B orb . in  K ern . Schedae F E A H . 
5: 110, 1645, 1888 p . sp .), v a r. eulanceolata (H . B r. ex  K ern . 1. c. 1888 p. sp.), 
v a r . heterotricha (B orb . M on. Ros. H u ng . 426, 1880 p .  f. R . dum etorum ), var. 
ciliata  (B orb . 1. c. 427 p . f. R . uncinellae), v a r. hem itricha  (R ip a r t  in  Dés. 
Soc. B ot. Belg. 15: 373, 1876 p. sp .), var. suboxyphylla  (B orb . 1. c. 427 p. f. 
R . dumetorum), v a r . subatrichostylis (B orb . 1. c. 427 p . f. R . dum etorum ), v a r. 
quadica  (H . Br. B er. B o t. V er. L a n d sh u t 1889: 108 p . f. R . dum etorum ), var. 
am blyphylla  (R ip a rt in  D és. 1. c. 380, 1876 p. sp.), v a r . A em oniana  (P uget ex 
R . K eller in  A. e t G. S yn . V I. 1: 182, 1902 p. v a r. R . dum etorum ) . . . Soô 
v a r. solstitialis (Bess. 1809) und  v a r. uncinella  (Bess. 1809) C hrsanovszki 1954 
ssp. Deseglisei Bor. 1857 v a r. hisp idu la  (R ip a rt ex  D és. 1. c. 386, 1876 p. sp.), 
v a r . incerta (Dés. 1. c. 384, 1876 p . sp .), v a r . im ita ta  (Dés. M ém . Soc. Acad. 
M aine- e t Loire 28: 120, 1872 p . sp .), v a r. trichoidea (R ip a r t in  Dés. Soc. 
B o t. Belg. 15: 386, 1876 p . sp.), v a r . denticulata  (B orb . 1. c. 388 p . f. R . collináé 
1880)? —  anne h y b rid a  — , v a r. G yörffyana  (Deg. ex  J á v . M agy. F l. 565 p. v ar. 
R . dum etorum  1924)
R. dum alis B echst. 1810 v a r. A fze liana  (Fries F l. H a llan d . 87, 1818 p. sp.) 
v a r . falcata  (P uge t M ém . Soc. A cad. M aine- e t L oire 28: 106, 1875 p . sp.), 
v a r . Graveti (Crép. B u ll. Soc. B o t. Belg. 30: 156, 1891 p . sp .), v a r . pilosula  
(C hrist F lo ra  58: 295, 1875 p . f. R . Reuteri), v a r . subcoerulescens (B orb. 1. c. 
465 p . f. R . alpestris), v a r . H olubyana  (B orb . 1. c. 465 p . f. R . alpestris), v a r. 
acutifolia  (Borb. 1. c. 445 p . f. R . glaucae), v a r. complicata  (G ren. F l. Ju rass . 
293, 1864 p. sp.), v a r . caballicensis (P u g e t ex Dés. B illo tia  1: 35, 1864 p. sp.) 
subsp . subcanina (C hrist 1873) Soô 1971 v a r. atroviridis  (B orb . 1. c. 444 p. f. 
R . glaucae), v a r. diodus (R . K ell. in  A. e t G. 1. c. 197 p . v a r . R . glaucae), var.
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subleiostylis (B orb . 1. c. 444 p. f. R . glaucae), v a r. brachypoda  (R . K eller Synopsis 
R o saru m  . . . 1931 p . v a r . R . glaucae)

Jov ibarba  h irta  (Ju s l.)  Opiz ty p isch  in  U ngarn  se lten , subsp . borealis (H uber 
in  H egi FI. M itte leu r. ed. 4. IV . 2: 197, 1963 sub Diopogone) Soó comb. n. 
[J . sobolifera (Sims.) O piz 1852] Ü bergänge  der be iden  frü h e r als A rten  aufge­
fa ss ten  T axa: J .  h irta  subsp. glabrescens (Sabr.) F a v a rg e r e t Zeisiger 1964. 
W eite re  U n te ra r t:  su b sp . P re issiana  (D om in R ozpr. Cesk. A k ad . 42, no. 29: 
19, 1932 als Sem pervivum  P .) incl. v a r . tatrensis (D om in) Soó 1972. —  W enn 
m a n  J .  sobolifera als eigene A rt b e tra c h te t ,  zieh t m an  dazu  die siebcnbürgi- 
sche Rasse: subsp. hirtella  (S cho tt) Soó 1972 (Sem perv. S im o n ka ia n u m  Degen 
1902, vgl. Soó S c rip ta  M us. T ran ss . 1: 45, 1942) resp . J .  hirta  subsp . h irte lla  
(S c h o tt ex Fuss Y erh . Siebenb. V er. 7: 171, 1857 sub Sem pervivo) Soó comb. n ., 
sie s te llt einen Ü berg an g  zw ischen J .  sobolifera u. J .  arenaria  (K och) Opiz dar.

C hainaecytisus ra tisbonensis (Schaeffer) R o th . var. m icrophyllus (W . e t Gr. Fl. 
Siles. I I .  2: 250, 1829) Soó com b. n.

L o tus corn icu latus agg. Z ertová (R ozpr. CS. A kad . Y ed. M at.— P rir. 82: 
3, 1973) h a t  die A rb e iten  von  B orsos k au m  b e rü ck sich tig t, v a r . ciliatus w ird 
überflüssig  au f v a r. K ochii u m g e ta u ft, ssp. major (Scop.) G am s v a r. colocensis 
(M enyh. 1877) B orsos 1966 ist n a c h  ih re r  M einung m it v a r. sativus  H yl. ex 
J a la s  1950 id en tisch  (??). S ubsp. P reslii P o n ert 1973 =  subsp . procumbens 
(P o ir.) B riq. 1913.

Yieia Cracca L. Ü berg an g  (tran s itu s)  zu V. tenuifolia  is t die dip lo ide (2n: 14) 
V . K ita ibeliana , v o n  L öve fü r eigene A rt a n e rk a n n t. B esser subsp . K itai- 
beliana (R chb. F l. G ern . exs. no. 768, 183, 1832 p . sp. em . A. e t D. Lőve) 
Soó comb. n. ( V . C. var. linearis P e te rm . 1838?, v a r. transiens  Soó 1939!!)

C ornus sanguinea L. subsp . au stra lis  (C. A. Mey. A nn. Sc. N a t. 3. sér. 4: 69, 
1865 p. sp.) Soó comb. n ., J á v . 1924 com b. incerta .

Caucalis platycarpos L. subsp. B ischoffii (K ozo-Polj. B ull. Soc. N a t. Moscou 
29: 153, 1916 p. sp.) Soó comb. n. (subsp . m uricata) (B ischoff non  Cr.!) Heywood 
1962).

S iuni S isarum  L. ssp. sisaroideum  (DG. P rodr. 4: 124 j>. sp. 1830) Soó com b. n.

H eracleum  Sphondylium  L. subsp . carpaticum  (P orcius M agy. N öv. Lap. 
2: 25, 1878 p. sp.) Soó comb. n.

C ruciata glabra (L .) E h ren d , subsp . balcanica (E h ren d . B o t. L inn . Soc. 66: 
272, p. sp.) Soó comb. n.
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G alium  album  Mill. v a r . s tenophy llu in  (S chur En. p la n t. T ranss. 1866: 284, 
p. v a r . G. luc id i), v a r. tran ssilv an icu m  (S chur 1. с. 283, 1866), v a r. p e traeu m  
(S chur 1. с. 284, 1866) Soó comb. n. (S y n .: G. erectum v a r. B ie lz ii (Schur, Sim k. 
1887 hasion , illeg.) alle aus S iebenbürgen .

V aleriana officinalis agg. D azu  als K le in a r te n  2n: 56; V. excelsa Poir. ( V. sam- 
bucifolia  M ikan f.), V. repens H o st ( V . sam bucif. subsp. procurrens  Soó 1965 
resp . V. off. subsp. p rocurrens (W allr. L in n aea  15: 540, 1840 p . sp.) Soó comb. n. 
2: 14; V. officinalis L . s. s tr .  m it su b sp . Sarkanyii (Soó 1958) A. e t D . Lőve 
1961 (sch m alb lä ttrig ); 2: 28; V. s to lo n ife ra  Czerniajew 1845 em . Soó \V . off. 
subsp . collina  (W allr. 1840) N ym . 1879] inch subsp. angustifo lia  (T ausch  ex 
H ost 1827) Soó 1972 m it subsp . in term edia  (Peterm . 1838) Soó 1972 (V . off. 
subsp . interm . A. et D. L őve 1961, b re itb lä ttr ig ) , V. n itid a  K rey er 1924 ( V . off. 
subsp . nitida  Soó 1958, inch  V. o ff. su b sp . pratensis (D ierbach  1827 p . v a r.
E . W a lth e r  1949 p . sp. non B en th . ex  S teu d  1841) Soó 1958.

Scabiosa tr ia n d ra  L. 1753 (S . gram untia  L . 1762) subsp. ag restis  (W . e t K . P la n t, 
ra r . H u n g . 3: 226, 1805 p . sp.) Soó comb. n ., var. tom en to sa  (V itm an S um m a 
p la n t. 1789: ? p . sp.), v a r  m ollis (W illd . E num . H orti B erol. Suppl. 7, 1813 
p. sp.) Soó comb. n.
S. C olum baria L. R ich tig e  A u to ren  d e r U n te ra rten : subsp . pseudobanatica  
(S chur) J á v . ex  J á v . e t C sapody 1933, su b sp . banatica (W . e t K .) D iklic  1973, 
Soó 1974. D ie beiden  sind  n ic h t id e n tisc h , wie in  der F l. E u r. 4. 496 s te h t, 
e rs te re  im U ngar. M itte lgeb irge  und  in  O stk a rp a ten , (Ö ste rre ich ?), le tz te re  
S ü d ru m än ien , B u lgarien , Ju g oslaw ien .

Tilia tom en tosa  M oench 1785 (T . argentea) subsp. petiolaris (Petzo ld  et K irch n e r 
A rb. M use. 162, 1864 p . v a r .)  Soó comb. n . bzw . petiolaris (DC. 1824 nom . dub .) 
Soó in  R au h  e t Senghas »Schm eil-F itschen«  Flora ed. 81, 1968, nom . illeg.

E uphorb ia  villosa W . e t K . ex  W illd. 1800 subsp. carpatica  (W ol. Spraw . Kom* 
F izyogr. 27: 153, 1892 p . sp .), subsp . valdevillosocarpa (A rv. e t N y ár. B u l' 
G rad . B o t. Cluj. 15: 190, 1935 p . sp .), su b sp . austriaca (K e rn . Ő st. B o t. Z sch r' 
25: 397, 1875 p . sp.) Soó comb. n. K e in e  endem ische K le in a r t  der N O -A lpen’ 
auch  in  den  N o rd k a rp a te n  bis U k ra in e .
E. dulcis L. subsp . incom pta  (C esati 1838) N ym . 1878 (E . purpura ta  T liuill.) 
A us U n g a rn  habe ich n u r  die U n te ra r t  gesehen.
E . v irg a ta  W . et K . 1803! non  D esf. 1804 (E . Tom m asin iana  auct., E . W ald- 
ste in ii So ják  1972, U m ta u fu n g  überflü ssig )
E. g lareosa P all, ex M. B. 1808 (E . pseudoglareosa  K lokov  1955) is t die o s t­
eu ropäische , E . nicaeensis All. 1785 d ie  W -SW -europäische A rt, unsere P flan ze  
k ö nnen  wie als E . glareosa subsp . p a n n o n ira  (H ost 1831) K uzm anov  1961, 
besser als K le in a rt zu b eh an d e ln .
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Fraxinus an gu stifo lia  V alii 1804 subsp. pann onica  Soó e t Simon 1940 ( F . 
oxycarpa  auct. E u r . m ed iae  non W illd ., F . angustif. subsp . danubialis P ou - 
z a r  1972, F. P tacovsky i D om in 1937, F . P ojarkoviana  W assiljew  1952, F . 
slavonika  (M ajerszky  1914 nom . nud.) H a ra c sy  1975 nom . illeg. incl. subsp . 
illyrhungarica, p a n n o n ic a  und  euhungarica  nom . n u d a) D ie system atische 
S te llung  der p a n n o n isc h e n  Esche haben  fo lgende A u to ren  m ehr oder m in ­
d e r richtig  e rk a n n t: Soó  e t S imon A cta B o t. H ung . 6. 1960, F uk are k  G lasnik  
n a  sumske pokuse 1 4 . 1960, W a s sil je w  F l. SSSR. 18. 1952, V i s j u l i n a  
F l. U R SR . 8. 1957, K á r p á t i  Feddes R ep . 81. 1970. D agegen  ist die A uffas­
sung  von F ranco  e t R ocha  A lonso (B o t. Jo u rn . L inn . Soc. 61. 1971 u n d  
F lo ra  E uropaea 3: 54) ganz verfeh lt, die von  ihnen  als id en tisch  g en an n ten  
A rte n  F. angustifo lia  u n d  F . oxycarpa gehören  sogar, w ie ich schon 1960 
geschrieben habe , zu  versch iedenen  S ek tionen , erstere  b e s itz t  unverzw eig ten  
B lü ten stan d  A ehre (b o try s) , zw eitere eine verzw eig te  R ispe (panicula), vgl. 
K árpáti  1. c. D er v o n  J a n c h e n  b en ü tz te  N am e F .p a rv ifo lia  L am . 1786 (E ncy l. 
B o t. 2: 546) is t g an z  unsicher. H aracsys  M itte ilung  (E rd ő  1975) is t ganz 
unw issenschaftlich , V erfasser k en n t die N o m en k la tu rreg el n ich t.

Cuscuta scandens B ro t, subsp . Cesatiana (B ert. Fl. I ta l . 7: 623, 1847 p . sp.) 
Soó comb. n.

Lappula m arginata (M. B.) G ürcke subsp. patu la  (L ehm . A sperif. 124, 1818 
p . sp. suh Echinospertno) Soó comb. n.

C alam intha tra n ssilv a n ica  (Jáv .)  Soó comb. n . (Satureja Brauneana  (H oppe) 
J á v . f. transs. J á v . B o t. K özi. 20: 150, 1922) M icrospecies agg. C. Nepeta, ú t i  
C. subisodonta B o rb . 1892 =  ? C. E inseleana  F . Schultz 1850

O riganum  vulgare L. v a r . hirtum  (Schur E n . pl. T ranss. 524, 1866 p. v a r . 
O. megastachyii) Soó comb. n. (ssp. barcense (S im k.) J á v . ex  B orh id i 1968)

T h ym us pannonicus A ll. em . R onn. subsp. au ctu s (L yka B o t. Közi. 20: 145, 
1924 p. subsp. T h. S erp y lli s. s tr. Soó A cta  B ot. H ung . 12: 120 p. subsp . 
T h. M arschalliani Soó em . (form áé om nes g labrescentes), nőm én  validum . D er 
ä lte s te  und gültige U n te ra r tn a m e  fü r »Th. M arschallianus a u c t. eur. m ediae 
n o n  Willd.«, die P f la n z e  W illdenows  s ta m m t aus der K rim  (Schmidt  1969), 
die Auffassung von  Ma c h u l e  und anderer ist u n rich tig . v a r . calvifrons (B o r b . 
e t H . B r . Vas m egye f l .  215— 218, 1887 p . v a r . Th. M arsch.) Soó comb. n. 
(Th . M arschallianus v a r . Marsch, auct.), ä lte s te r  V a rie tä tsn am e.

Solanum  D ulcam ara L . subsp . pusztarum  (Soó A cta  B ot. H u n g . 12: 356, 1966  
p. var.) comb. n. P sam m o p h ile r O kotyp . C h a rak te rp flan ze  d er S andsteppen  
M itte lungarns ( F estucion  vaginatae , Junipero-P opu le tum ).
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P seu d olysim ach ion  spurium  (L.) Opiz v a r . croaticum  (B orb. B a la to n  fl. 378, 
1900 p. sp. sub Veronica), var. au stra le  (S chrad .) C om m ent. V erőn. 24, 1803 
p . sp. sub Veronica), var. brevifolium  (W . et K . ex  M. B. FI. T au r.-C au c . 
1: 6, 1808 p . sp. sub Veronica), v a r. nitidu m  (E h rh . ex  H offm . C om m ent, soc. 
G oetting . cl. m a th  . . . 15: 114, 1803 p . sp. sub Veronica) Soó comb. n. —  
P. lon g ifo liu m  (L.) Opiz var. sa lic ifo liu n i (W allr. Schedae c rit. 1822, 8 sub 
Ver.), v a r . gen icu la tu m  (H ost F l. A u s tr . 1: 4, 1827 p . sp. sub Ver.), v a r . cordi- 
fo liu m  (W allr. 1. c. 1822), var. in c isu m  (P e te rm . A nal. P fl. schl. FI. Leipzig 
320, 1846 sub Ver.), var. glabrum  (E h rh . ex S chrad . C om m ent. V erőn. 24. 
1803, p . sp. sub Ver.), v a r. m edium  (S chrad . 1. c. 23, 1803 p. sp. sub Ver.), 
v a r . puberulum  (B en th . ex DC. P ro d ro m u s 10: 466, 1846 sub Ver.) Soó comb. n. 
P. X M auksii (H u ljá k  M agy. B ot. L ap . 28: 26, 1929 sub Veronica) Soó comb. n. 
—  P . X decipiens (N y árád y  K olozsv. fi. 479, 1943 sub Veronica) Soó comb. n. 
D iagnosis la tin a  (ap. N y á r á d y  ta n tu m  h ungarica): L aciniae corollae lanceo- 
la ta e , p a r tim  apice revo lu tae . —  P . X Sooianum  (Borsos 1967 sub Ver.) H . W . 
S chm id t 1976

M elam pyrum , R hinan th us, O dontites, E uphrasia  Die E x is ten z  und  sy s te m a ­
tische  B ew ertu n g  d er saisonpo lym orphen  T ax a  w ird auch in  d er neu esten  Zeit 
s ta rk  d isk u tie r t. Schon viel frü h er w u rd e  Ih r  D asein bezw eifelt oder v e rn e in t 
( H e i n r i c h e r , B e a u v e r d ) ,  andere (kü rz lich  J a l a s , S m i t h ) fan d en  die n o rd i­
schen  P o p u la tio n en  des M . pratense  n ic h t a u f  b es tim m te  Ö k o ty p en  g u t ze r­
tre n n b a r . D ie A usgabe 1976 der F lo ra  von  R o t h m a l e r  blieb bei d er B ew er­
tu n g  su bsp ., H a r t l  (in H e g i  1972), M a y e r , N i k l f e l d  b e tra c h te n  sie als 
V a rie tä te n , bei E uphrasia  (wo Y e o  u n d  H a r t l  viele frühere  A rten  vere in ig t 
haben ) sogar n u r  als Form en. Die v e re rb lich en  Ö ko typen  und  die m o d ifik a tiv en  
Ö kom orphosen  sind oft kaum  v o n e in a n d e r zu u n te rsch e id en , die m eisten  
T ax a  sind noch  genetisch  kaum  u n te rs u c h t und  ih re  K o n stan z  n ic h t bew iesen. 
N achdem  die sa isonpolym orphen  R assen  als Ö ko typen  von  den  w irk lichen , 
geographisch  b ed in g ten  U n te ra rten  m it eigenem  A real in  der T a t  sich u n te r ­
scheiden  u n d  m in d eren  system atisch en  W ertb esitzen , bezeichne ich sie k ü n ftig  
als »proles«, eine frü h er oft g eb rau ch te , h eu te  n ich t »offizielle« R an g stu fe , 
so k a n n  m an  sie en tw eder fü r subsp . oder fü r v a r . h a lten , doch  is t ih re  sy s te ­
m atisch e  S te llung  ganz andere u n d  h ö h ere , als die der »üblichen« V a rie tä te n , 
deren  C h a ra k te ris tik  ich schon 1926— 27 (M elam pyrum  M onographie) p ü n k t­
lich  besch rieb . D ie A u torennam en  k ö n n e n  die der subsp. —  bleiben .
M. bihariense K ern . prol. rom anicum  (B orza Bill. G rad . B ot. Cluj. 1: 19, 1921 
pro  subsp . M . nemorosi) Soó comb. n. (A elterer U n te ra r tn a m e , als Röm eri 
(R onn .) Soó 1927)
M. pratense agg. is t am besten  in  K le in a r te n  m it geographischen  U n te ra r te n  
u n d  Ö k o ty p en  zu  teilen , kurz zusam m engefasst: 1. M . pratense  L. —  d azu  
subsp . com m utatum  (Tausch) B r it to n  (vulgatum ), angustifrons  (B orb . 1888)
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Soó 1927 — , von  F ra n k re ic h  ü b er d ie  A lpen  bis Ju g o slav ien , feh lt in  den  
K a rp a te n , dagegen is t  oligocladum  (B eau v . 1916) n u r  proles -— alpestre (B rüg- 
ger 1874) R onn. 1910, tatrense Soó, 1927 Engleri Soó 1927, monticola (B eauv . 
1916) Soó 1939, p aradoxum  (D ahl ex  H a y . 1905) R onn . 1910 —  2. M . paludo- 
sum  (G aud. 1829) R o n n . 1914 (Soó 1927 p . subsp .) —  3. M . congestum  (B eauv . 
1916) Soó 1972 (su b sp . 1927) —  4. M . p u rp u reu m  (H a rtm . 1820) Soó 1972 
(1927 p . subsp.), in c l. p ro l. purpurescens (A sch. 1898) Soó 1972 —  5. M . mon- 
ta num  Jo h n sto n  1829 (M . hians (D ruce 1885) Soó 1972) incl. prol. h ians (D ruce 
N a tu ra lis t 10: 35, 1885 p . form a) Soó comb, n ., subsp . scotian u m  (B eauv . M on. 
M elam p. 1916: 486 p . su b v ar.) Soó comb. n. (B ritto n  1943 p . subsp .) —  6. M . 
chrysanthum  (B eauv . 1911) Hess e t L a n d o lt F l. Schw . 3: 778, 1972.

R hinan th us an g u stifo liu s C. C. G m el. 1806 is t wohl d er ä ltes te  glü tige A r t­
n am e , w urde ab e r im  L aufe  der Z eit v o n  v ie len  A u to ren  in  ganz v ersch iede­
nem  Sinne g eb rau ch t, deshalb  nom . confusum . Ic h  nehm e die Beweise von  
R a u s c h e r t  und  G u t e r m a n n  (beide 1975) an , d er gü ltige N am e is t R h. sero­
tin u s (Schönheit) O b o rn y  em. H yl. Als agg. u m fa ß t die T ax a  subsp. serotinus , 
d ie  in  U ngarn  fe h lt (d a z u  am n äch sten  s te h t p roles. L ykae (Soó Feddes R ep . 
26: 201, 1929 p. su b sp . R h. m aj.), —  su b sp . grandiflorus  (W allr. 1822) Ja n c h e n
1960 m it prol. vernalis  (Zinger) H y l., aestivalis (Zinger) D ostál, polycladus  
(C habert) D ostál —  su b sp . bosniacus (B eh ren d sen  V erh . B ot. V er. B ran d en b g . 
45: 210, 1904 p . sp . sub  Alectorol.) Soó comb. n. —  subsp . apterus (Fries) H yl. 
—  subsp. arenarius U . Schneider 1962 (v ielle ich t n u r  v a r. der subsp . sero­
tin u s)  —  subsp. cretaceu s (Vassilcz. F l. SSSR . 22: 666, 1955 p . sp.) Soó comb, 
n. —  R h . paludosus  S chw arz 1931 is t w ohl n u r  eine F o rm  der proles polycladus. 
R h. borbasii (D örfl.) Soó ssp. songaricus (S terneck) Soó prol. riparius (Vassiloz. 
F l. SSSR. 22: 666 p . ssp . Rli. songarici) Soó com b. n.
R h. A lectorolophus P o ll. 1777 ist w ohl auch  am  besten  in 2 U n te ra rte n  zu 
te ilen , subsp. Alectorol. (m édius) R chb . (Soó) m it proles alect., arvensis (Sem ler) 
Sch. e t T h., modestus (C habert) Soó, Sem leri (S terneck) Soó, pa tu lus  (S terneck) 
Soó, Kerneri (S te rneck ) Soó — und  subsp . buccalis (W allr.) Sch. e t T h. (sub- 
exalatus (Schultz) Soó) proles buccalis, pseudom edius  Soó, castriferrei Soó.

B iscu tella  lon gifo lia  V ili. 1779 (d iploide B . laevigata) subsp . budensis (Soó A cta  
b o t. H ung. 10: 373, 1964 p. v a r. В . laevigatae), subsp . hungarica (Soó 1. c. 
1964 p . subsp. B . laevigatae) Soó comb. n.

R orippa X astylis R c h b . f. repens (R esm erita  R ev . R oum . Biol. B o t. 17: 312,
1961 p . subsp. R . barbareoidis) Soó comb. n.

T hlaspi kovatsii H euff. subsp. schudichii (Soó B o t. K özi. 37: 180, 1940 p. v a r . 
T h. jankae) Soó comb. n . (Th. schudichii Soó e t K á rp á ti  1968 p. sp.)
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Draba lasiocarpa R ochel subsp. e lon gata  (H ost Fl. A u str. 2: 237, 1831 p . sp.) 
e t subsp . com p acta (S ch o tt, N ym . et K y . A nalecta  B o t. 50, 1854 p. sp.) Soó 
comb. n.

A ster sedifo lius L. v a r . subsquam osus (Soó A cta B o t. H u n g. 12: 366, 1966, 
sub A . punctate) Soó comb. n.

A n th em is tinctoria  L. In  U ngarn  u n d  den  N ach b a rlän d ern  n u r subsp . sub- 
tinctoria  (D obroczaeva 1962) Soó 1966, S m ejk al  1970

A ch illea  ochroleuca v a r. parviflora Soó n o m .n o v . ( 4 .  H oranszkyi Ú jhely i A nn . 
H is t .-N a t. M us. N a t. H ung . 67: 41, 1975) diese k le in b lü tig e  F orm  m it fein  
do p p e lt g ezähn ten  B lä tte rn  fä llt v ie lle ich t m it A .  X M ih a lik ii  P ro d an  v a r. 
pectin iform is  K á rp á ti  1939 zusam m en.
A . crithm ifo lia  v a r. T u zson ii (Ú jhely i 1. c. 43, 1975 p . sp.) Soó comb. n. D iese 
ro b u ste  F o rm  h a t  wohl auch  n ich t g rößeren  sy stem atisch en  W ert, wie an d ere  
b e k a n n te  d ieser A rt, sow eit n ich t po lyp lo id . 2n-Zahl n ic h t angegeben.

M atricaria Cham om illa  L . 1755 non  1753 (M . inodora) m uß  le ider g ü ltig  
M. recutita L. 1753 (Cham om . r. R au sch e rt 1974) heißen . M . m aritim a  subsp . 
inodora  (C. K och 1843) Soó 1940, D o s t á l  (M . perforata  M érat 1812 nach  
R a u s c h e r t  1974) d a r f  jedoch  b le iben , die beiden  T a x a  gehören w ohl zu r 
derse lben  A rt, w eder m orphologisch , noch zy to tax o n o m isch  keine strenge  
U n tersch iede . M . inodora  L. 1755 nom . illegit. als A rtn am e . Als Tripleuro- 
sp erm u m : T . m aritim um  K och subsp . inodorum  H y l. ex  Y aaram a 1950

L eucanth em um  vu lgare L am . In  den  le tz te n  Ja h re n  h ab en  zahlreiche A u to ren  
m it diesem  schw ierigen A ggregat sich b efasst (so B a k s a y  1956— 57, B ü c h e r  

e t L a r s e n  1957, F a v a r g e r  1959, 1965, F a v a r g e r  e t Y i l l a r d  1966, H o r v a t i c  

(1953, 1963), M i r k o v i c  1966, P a p e s  1972, 1975, P o l a t s c h e k  1966, Y i l l a r d  

1968, W a g e n i t z  1977, ich selbst auch , vgl. Syn. fl. veg. H ung . 5: 673— 676, 
1973, meist, a u f  zy to tax o n o m isch er G rundlage. Die N o m en k la tu r is t n och  z.
T . u m s tr itte n , einige I r r tü m e r  von B a k s a y  und P o l a t s c h e k  scheinen le ider 
u n a u s ro ttb a r  sein, sie tr e te n  noch bei W a g e n i t z  auf. G u t sind die B e a rb e itu n ­
gen aber in  d er F lo ra  E u ro p aea  ( H e y w o o d , IV : 175 u n d  in  der F lo ra  d . Schweiz 
von  H e s s , L a n d o l t  u n d  H i r z e l  1973. C hrysanthem um  Leucanthem um  L . bzw . 
L . vulgare L am . w u rd en  von  versch iedenen  A u to ren  fü r  m ehrere  K le in a rte n  
g eb rau ch t, eine beruh igende  T yp isierung  is t kaum  m öglich, also nom en d u b iu m  
resp . confusum , n u r  als A ggregatsnam e zu geb rauchen . K urze  Ü b ersich t 
un se re r T ax a :
1. 2n: 18 L. praecox H o rv a tic  (1935 p . subsp .) 1963 (L . vulgare au c t. p lu r. sic 
F a v a r g e r  (ohm ), P o l a t s c h e k , Soó (olim ), G u t e r m a n n , W a g e n i t z  etc .) —  
v a r. autum nale  (S t.-A m ans 1821) H o rv a tic  1963
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L . G audinii D. T. e t S a rn th . 1882 (L. vulgare subsp . alpicola (G rem li 1898 p. sp.) 
L ő v e  1961, Alpen, P y ren een , die Id e n t i tä t  m it d er k a rp a tisch en  Sippe L. sub- 
a lp in u m  (Schur 1859) T zvelev  1961 is t noch  u n e rk lä rt.
2. 2n : 36 L. ircutianum  DC. 1837 (L. vulgare au c t. p lu r., sic Soó (recentius), 
V i l l a r d  etc .H ue: v a r . sy lvestre  (P ers. 1807 Syn. 2 :  460 p . v a r . Ch. L .) Soó 
co m b . n . (var. carpaticum  R ochel ex Bess. 1822) — v a r. am plifo lium  (F iori 
e t  P a o le tti  Fl. A nal. I ta l .  240, 1903 p . v a r . Ch. L.) Soó com b. n . (L. vulg. 
su b sp . am plifo lium  H o rv á tié  1963, v a r. praestans  B riq . e t C avill. 1916) — v a r. 
la tic ep s  (Briq. et Cavill. ex  B u rn a t F l. A lp. M arit. 6: 88, 1916 p . var. Leuc. 
vulg .)  Soó comb. n.
L . leucolep is (Briq. e t C avill. 1916 p . v a r.)  H o rv á tié  1963 2n : 18, 36, 54 anne 
v a r . -es v ariae  squam is pallid is  specierum  p lu riu m ?
3. 2n : 54 L. adustum  (K och  1837) G rem li 1898 (L. v. Ch. m ontanum  au c t., L . 
m a x im u m  auct. nonnu ll.: B a k s a y , P o l a t s c h e k , W a g e n i t z  non  (R ám ond) DC.) 
L . M argaritae (G áyer ex J á v . 1925) Soó 1972 (L . adustum  ssp . M arg. H olub 
1974, L .  v . Ch. m a x im u m , lanceolatum  au c t. h u n g .: B a k s a y p. p ., Soó non  Pers., 
L . vulgare  subsp. p a n n o n icu m  Zeleny 1972.) A d agg. L . atratum  (Jacq .) DC. 
p e r t in e n t:  L. croaticum  (H o rv á tié  1928 sub Ch.) H o rvá tié  1963 vei L . atratum  
su b sp . cr. H orvátié  1963 (syn .: subsp . p la ty lep is  (B orb . 1877 p . sp.) H eyw ood 
1976, sp ä te re r U n te ra r tn a m e ), hue L . illyricum  (H o rv á tié  1963 A cta  B o t. 
C ro a t. 22: 210 p. v a r . L . croatici) P apes 1975 — L. atratum  subsp . illyricum  
(H o rv á tié  1. c.) Soó com b. n . L . liburn icum  H o rv á tié  (1928 sub  Ch.) 1963 p. sp. 
eb en fa lls  eine subsp. von  L . atratum , H o rv á tié  1935
4. 2n : 72 L. heterophyllum  (W illd . 1800) DC. 1827 auch fä lsch lich  zu L . m a x i­
m u m  gezogen (noch E h r e n d . L iste 1973), V a lid itä t des N am ens b e s tr itte n . 
(L . lanceolatum  (Pers. 1807 sub  Chr.)
5. 2n : 90 L. m ax im um  (R ám o n d  1800) DC. 1837, alle A ngaben  aus M itte l­
u n d  S O -E uropa (noch in  E h ren d . L iste  1973) falsch, die beziehen  sich a u f  
L . adustum  inch M argaritae  u n d  L . heterophyllum . Bei uns n u r  G artenp flanze  
(Ch. L . subsp. m axim um -hortense  N yár. 1964)

A rte m is ia  m aritim a  a u c t. E u r. m ed. e t o rien t.: A, S antonicum  L. 1753 (vgl. 
d ie  schöne M onographie v o n  P e r s s o n  1974), die in zwei U n te ra r te n  zu te ilen  
i s t :  subsp . Sant. (subsp . m onogyna  L eonova 1969, A . monogyna  W . et K . 1801 
s. s tr .!)  2n: 36, 54 u n d  su b sp . patens  (N eilr. 1859) P ersson 1974 (salina  au c t. 
E u r .  m ed . et hung.) 2n: 18. D ie ech te  A . sa lina  W illd. 1803 is t eben  A . m aritim a  
L . 1753 s. s tr., in  W est- u n d  N ordeu ropa .

S en ec io  nem orensis L. D ie E h r e n d . L iste  n e n n t unseren  T y p u s (d. h . subsp . 
nem orensis) subsp. Ja cq u in ia n u s  (R chb.) Celak. und  h ä lt die Ü bergangssippe 
zu  S . F u ch sii: var. subalpestris  B r.-B l. fü r  subsp. nem orensis. D ie von m ir 
u n te r  dem  N am en subsp . intercedens (B eck 1892) Soó 1967 zusam m engefassten
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T ran situ s , wie gran iticus  (Beck 1892) Sch. e t Thell. 1914, silvicolus (recte  
silvicola) B r.-B l. 1917, subalpestris B r.-B l. 1917, lepusnicensis  N yár. 1934, 
hirsutus  (N yár. 1950) Soó 1967 sind versch iedene lokale  T ran situ s  m it eigenem  
A real oder ab er B a s ta rd e  nemorensis X F u ch sii, wie decipiens N yár. 1964 
Jurinea m ollis (T urner in  L.) R chb. 1831 Die m itte lungarisch-slow akische  
subsp . macrocalathia (C. K och  1951) Soó 1942 e n tsp r ic h t nach  H o l u b  n ic h t 
d er b an a tisch en  P flan ze , d a ru m  n en n t er unsere  macrocalathoides H olub 1971; 
n ach  K o z u h a r o v  (in F l. E u r . 4 .  220, 1976) gehört macrocalathia  zur subsp . 
glycacantha  (S ib th . e t Sm . 1813) H ay. 1931. Diese A uffassung  m uss nach g e­
p rü ft w erden.

P rim ula veris L. subsp . in fla te  (Lehm . 1817) Dom . 1951 (canescens auct.).
O. S c h w a r z  1968 h ä lt  in fla ta  für eigene A rt, aber P . veris subsp. canescens 
u n d  P. in fla ta  gehen a llm äh lich  in e in an d er ü ber, w as se lb st S c h w a r z  a n e r­
k e n n t. T yp ische canescens h a t  an  der B la ttu n te rse ite  e infache, inflata  auch  
verzw eig te  H aare . R ich tig  is t die Ü b ersich t d er T ax a  des P rim ula  veris agg. 
in  d er E h r e n d o r f e r s  L iste . Irrtü m lich  is t  die B eh a u p tu n g  von S c h w a r z , 

dass P . elatior v a r. villosula  P a x  1897 und  P . B enkoeiana  B o rb . 1888 Synonym e 
von  P . elatior subsp . rhodopea Schwarz 1968 sind ; e rstere  s te llt  einen T ran situ s  
zu P . leucophylla P ax , 1897 d a r, le tz te re  g eh ö rt zu P . in tricata  Gr. e t G odr.

Quercus polycarpa S chur 1851 w ächst in  den  G ebirgen v o n  Ö denburg und  
G üns, auch in  B u rg en lan d  (Soó, M á t y á s ) ,  w ohl auch w e ite r nach W esten , 
d a s?  in  E h r e n d . L iste  is t  fü r uns beleid igend.

P otam ogeton  pusillus L. in  U ngarn  wohl n u r  P . Berchtoldii F ieb er 1833, ech te r
P . pusillu s  (sonst n ach  R a u s c h e r t  nom . confusion): P . panorm itanus  B ivona 
is t noch  nachzuw eisen.

O rnithogahim  Cussonei a u c t. hung , non T en .: 0 .  K och ii P a ri. 1852 inch subsp . 
tenuifo lium  (Guss. 1827) Z ah ariad i 1976 (Schw arz p. ssp. sub 0 . Gussonei) 
0 . K ochii 2n: 14— 18!, se lten  36, 0 . Gussonei 2n: 28, 36.

A llium  m ontanum  F . W . Schm id t subsp. leptophyllum  (S chur E n. p la n t. 
T ranss. 674 p . sp ., 1866) Soó comb. n., J á v . 1925 com b, in c e rta , (f. longifolium  
Z apal. 1906) m it seh r schm alen  und  langen B lä tte rn  (o. 5— 1.5 m m ), Ost- und  
S ü d k a rp a ten  von  d er K a rp a to -U k ra in e  (A lpen von  M arm arosch) bis zur D onau , 
feh lt in  der FL R P R . 11.

Scilla bifolia L. D er L inzer F . S p e t a  h a t in  d en  le tz ten  J a h re n  (1971— 1976) 
au fg ru n d  zy to tax o n o m isch er u n d  arealgeographischer U n tersu ch u n g en  eine 
R eihe der K le in a rten  des Agg. Scilla bifolia  un te rsch ied en , die z. T. auch im
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G eb ie te  des h eu tigen  U ngarn  V orkom m en und  von m ir eh er als U n te ra r te n  
b e w e r te t  w erden . Diese sind die fo lg en d en : 1. S. bifolia  s. s tr . (ssp. bifolia) 
k o m m t n ach  S p e t a  in  U ngarn  (u n d  S iebenbürgen) n ich t vo r. 2n : 18.— 2 .su b sp . 
sub triphylla  (S chur 1866 p. sp.) D om in  1936, Soó et Jáv . 1951 p . v a r. (S. K la d n ii  
S c h u r  1851 sec. S p e t a ) U ngarn : A lfö ld , B ereg-Szatm ár, B ékés: D oboz, wohl 
w e ite r  v e rb re ite t. K a rp a to -U k ra in e , S iebenbürgen , bzw. R u m än ien . 2n: 18—
3. su b sp . vindobonensis S pe ta  1974 (1976 p . sp.) U ngarn : K leine S ch ü ttin se l: 
S zigetköz , S zen tendre , É rd , P es t (Ú jp esti-sz ig e t), Csepelinsel, K é the ly , N y ír­
ség: D ebrecen , N y íregyháza , B á to r lig e t, H a jdúböszö rm ény , K iszom bor bei 
M ak ó ?  sonst N iederösterreich , B u rg e n la n d , M ähren, Slow akei (an  der D onau) 
2n : 18. —  4. subsp . drunensis  S p e ta  1974 (1976 p. sp.) Ö sterre ich , U n g arn : 
so T ra n sd a n u b ie n : um  S im o n to rn y a , A lföld: Ú jszen tm arg ita , K örösszakái; 
S ieb en b ü rg en , Jugoslaw ien , im sü d lich en  T iefland . V ielleich t gehören an d ere  
V ork o m m en  von  Scilla bifolia  in  T ra n sd a n u b ie n  (von S opron  bis Tolna) und  
im  M itte lgeb irge hierzu . S p e t a  h a t  d en  T e x t von Soó— J á v o r k a  1951: 856 
m iß v e rs ta n d e n , eben in  M átra  u n d  V értes feh lt S. b. 2n: 36. —  5. subsp . laxa  
(S ch u r E n . p l. T ranss. 669, 1866 p . sp .) Soó comb. n. N u r S ü dsiebenbürgen , 
u m  T alm esch  (Talm ács), 2n: 54. Ob eine L okalrasse? —  6. subsp . b uekk en sis  
(S p e ta  N a tu rk . J a h rb . Linz 1976:42 p . sp.) Soó comb. n. U ngarn , N ördliches 
M itte lg eb irg e : C serhát (N agyoroszi), K aran cs, B ükk: L e lső tá rk án y , T ark ő , 
R é p á sh u ta , S átorgebirge: H á ro m h u ta , M ogyoróska-B oldogkőváralja . S low akei. 
2n : 54. —  Die m orphologischen U n te rsch ied e  sind ziem lich gering, k le in b lü tig  
sin d  z. B . danubia lis, vindobonensis, g ro ß b lü tig  drunensis , buekkensis, ebenso 
ä n d e r t  sich die L arbe  der B lü ten , K ap se ln , Sam en. S onst verw eise ich a u f  die 
O rig inalbesch re ibungen  von  S p e t a .

Ju n cu s gen icu latu s S chrank  1789 (J . a lp inus  Vili. nom . illeg.) subsp. arthro- 
p h ylla  (B renner, p. subsp . J .  fu sco a tr i B o t. C entralb l. 40: 375, 1889) Soó 
comb. n. (H yl. 1953 p. subsp . J .  a lp in i, J .  fuscoater S chreb .)

D acty lorh iza  nm culata (L.) Soó su b sp . transsilvanica  (Schur) Soó 2n: 80 F r ö h - 

n e r  zog sie zu r D . Fuchsii, die d e u tsc h e  P flanze aus dem  E rzgeb irge  e n tsp ric h t 
e tw a  u nserer v a r . hunyadensis  B orsos e t Soó 1960, w enn sie ab er z y to tax o n o - 
m isch  zur D . F uchsii (2n: 80) g e h ö rt, d a n n  gebührt ih r n e u e r N am e. A uch  die 
hunyadensis  is t zyto logisch  u n b e k a n n t, v ielle ich t sind doch  die beiden id en tisch .

B olb osch oen u s m aritinnis (L.) P a lla , unsere  halophile R asse  is t nach  tsch ech i­
schen  A u to ren  die subsp. com pactus (H offm . 1804) H e jn ÿ  ex D o stá l 1950 
(Sc irpus d igynus  (Godr.) S im k.), d ie andere  F ruch tfo rm  als subsp. m aritim us, 
u n d  2 G riffel besitz t.

H oloschoenus rom anus (L.) F r its c h  subsp . Floloschoenus G reu te r 1967: Scir- 
poides  H . Soják  1973, dazu  su b sp . australis  (M urr, in  L. 1774) B e n k e rt 1976.
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D er N am e Holoschoenus m einer M einung nach  soll ein nom en conservandum  
sein .

Carex cuprina (Sándor ex  H euff. 1862) N en d tv . ex K ern . 1863 —- S á n d o r  

gab  la te in ische  D iagnosis, Orig, d ie M einung von  K e r n e r  u n d  an d eren  ist 
ganz irrev e lan t. (C. vu lp ina  v a r . tenu ior , C. nemorosa, C. Otrubae, au c t. hung , 
e t a lio rum )

F estu ca  pallens H ost h a t  3 C y to ty p en : 14!, 28!, 42! (F . glauca  au c t.) , F . glauca  
L ain . 1788 non Vili. 1787 =  F . arvernensis  M arkgr.-D annenbg . 1977 n u r  in 
F ra n k re ic h , F. cinerea Vili. 1786 n u r  in  S W -F rankre ich  u n d  N W -Ita lien .
F . va g in a ta  W . e t K . subsp. m ucronata  (H ack .) Schw arzová 1968 =  F . vaginata  
subsp . D om in ii (K ra jin a) Soó 1951 in  Soó— JÁ v. 921 (A cta B iol. H ung . 3: 244), 
1954 (A cta  B o t. H ung . 2, 190 m it B asionym ) =  v a r. am ethystina  (K och  1837) 
Soó 1968 inch  subvar. mucronata  (H ack .) Soó 1965, in denselben P o p u la tio n en , 
gem isch t m it v a r. vaginata.
F . rupicola  H euff. ssp. colorata (S chur E n . pl. T ranss. 1866: 788 p. sp.) Soó 
com b. n . (F . valesiaca ssp. colorata S im k. 1887, F . rupicola  ssp. saxatilis  
K a u sc h e rt 1961) — F . »colorata« is t  ä lte re r  U n te ra rtn a m e , als »saxa tilis«.

P o a  subcoerulea au c t. hung , e t cechoslov .: P. athroostachya O ettin g en  1925, 
d ie  ech te  P . subc. is t eine haloph ile  S eestran d p flan ze , vgl. K o t h m . F lo ra  1976. 
H iezu  v a r. anceps (G aud. Fl. H elv . 1: 260, 1828 p. var. P . pratensis) Soó com b, 
n ., H eg e t, e t H eer 1840 p . sp ., P . Furcotae  D egen 1915).

A gropyrum  interm edium  P . B. =  A . tru n catu m  (W allr. 1840 sub Tritico) Fuss 
(E lym u s t. M elderis), subsp . trichop horum  (L ink. L innaea  17: 325, 1843 sub 
Tritico  p . sp.) Soó comb. n. (E lym u s trichoph. A. et D . L őve 1975), subsp . 
b an aticu m  (H euff. V erh. Zool. B o t. Ges. 8: 233, 1858 p. v a r . T rit. rigidi) Soó 
comb. n.

P h ragm ites com m unis T rin . Ich  h ab e  b ish e r ganz b ew usst diesen a ltb e ­
k a n n te n  N am en  g eb rau ch t u n d  die n eu ere  nom en k la tu risch e  L ite ra tu r  u n ­
b e rü ck sich tig t ( G r e u t e r  1967, C l a y t o n  1968 usw.), da  ich  die H offnung 
h a t te ,  dass die zwei T ax a : Ph. com m unis  und  Ph. australis doch  in  A rts tu fe  
u n te rsc h e id b a r  w erden. Es is t ab e r h e u te  schon zweifellos, dass das kosm opoli­
tisch e  Sch ilfrohr eine sp. coli, is t, so m üssen  w ir diese als P h ragm ites australis  
(C avan . 1799 sub A rund ine)  T rin . e t S teu d . 1821. em. b enennen . D azu  gehören 
v a r. sa lsa  (P odp . A cta  Soc. Sc. N a t. M orav . I I :  10/1925) Soó comb. n. (P h r . 
comm. ssp. salsa V icherek 1973), f. stolonifera  (G. F . W . M eyer) B eldie 1972, 
f. subuniflora  (DC.) Beldie 1972, v a r . flavescens  (C uster Beldie 1972 —  subsp . 
h u m ilis  De N ot. 1840 bzw. subsp . m aritim a (M abille K ech. pl. Cors. 2: 42, 
1869 p . sp.) Soó comb. n. (R ich te r 1890 p . subsp . Ph. comm.) —  subsp . altissim a  
(B e n th  1826) C layton 1968 (P h. comm. subsp . pseudodonax  (R ab en h . 1846)
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R o th m . 1963 com b. in v a l. 2n: 72 —  subsp . m a x im a  (F o rsk â l Fl. A egyp t.- 
A rab . 24 sub A ru n d in e  1775) Soô comb. n. (P h . m axim a  C hiovenda) 2n: 90

T risetum  carpaticum  a u c t .  non (H ost) R . e t Sch.: T . fu sc u m  (K it. 1814 sub 
A vena  non Ard. 1789) R . et Sch. 1814 oder T. ciliare (K it. 1814 sub A ven a ) 
D om . 1935

H elictotrichon (incl. Avenochloa ) in Z erte ilung  a u f zwei G a ttu n g en  ist d e r 
ä lte re  G attu n g sn am e fü r  Avenochloa A ven u la  D um . A . pratensis D um , w äch st 
im  R urgen land , w ohl au c h  im  ungarischen  N oricum , v a r . megastachya u n d  
subdecurrens gehören  zu  A . adsurgens. A . a lp ina  a u c t.:  A . praeusta (R ch b . 
1833 sub Avena) H o lu b  1976, bei uns die subsp . adsurgens (Schur 1866 nom . 
in v a l., P rod . F l. R om . 1: 88, 1923 sub Avenastro) Soó comb. n. (A . adsurgens 
H o lub  1976), Helictotr. m icrostachyum  (R orb .) Soó p . v a r . e t subsp ., H . conjun- 
gens (G áyer 1932 sub A vena stru m ) W idder 1939 usw .

K oeleria  eristata (L .) P e rs . nom . confusum , höch tens als A ggr.-nam e a n z u ­
n ehm en . K . macrantha  (L edeb . 1812 sub A ira )  Spreng . 1824 gleich K . eristata  
subsp . mongolica (D om . 1904 p. sp.) T zvelev  1971 is t eine asiatische P flanze , 
so is t der gültige N am e fü r die m itte leu ropä ische  »К . eristata« noch im m er 
unsicher. M ehrere T a x a  w u rd en  in  den neueren  F lo renw erken  zu versch iedenen  
A rte n  sogar G ruppen  gezogen. Die von  Ú j h e l y i  k ü rz lich  (seit 1961) besch rie­
b en en  zahlreichen »A rten« w urden b isher k au m  a k z e p tie rt (vgl. E h r e n d . 

L iste , Fl. E u r. Y. in ed .) E in e  kritische R evision d er ganzen  G a ttu n g  is t n ö tig . 
D ie ungarischen  T a x a  sin d  (kurz zusam m engefasst) die folgenden: (vgl. Soó 
S yn. F l. Veg. H ung . 5: 388 ff.)
1. K . glauca (S chkuhr) DC. m it subsp. Rochelii (Schur) N ym .
2. K . pyram idata (L am . 1791) P . R . 1912 A rtg ru p p e  bzw . Agg. K le in a rten : 
K . mollis M ann ex  O piz 1884 (z. R. R ak o n y alja ) 2n : 42; K . grandis Ress, ex  
G orski 1849 (K . B esseri Ú jhelyi 1973) so R á to rlig e t (К . polonica  Dom . 1904 
P o len , S ow jetunion).
3. K . eristata (L.) P e rs . agg. em. R orb . e t D om in , au ch  R o t h m a l e r , Soó, 
T z v e l e v  (К . gracilis P e rs . nom . illegit., К . m acrantha  a u c t. v ix  (Ledeb.) Spr. 
s. oben, so J a n c h e n , L ö v e , E h r e n d o r f e r , H u m p h r i e s  F l. E u r. V .  ined .) 
K le in a rten : К . m ajoriflora  (R orb.) ex D om in  2 n :2 8  ? K . pseudocristata  D om in  
1903.
K . Javorkae  Ú jhely i 1961 2n: 28 [d azu  subsp . Ja n ka e  (D om . 1904 p. v a r .)  
Soó 1971 und N y á r á d y , Ú j h e l y i  1970, k ritisch e  S ippen  aus S iebenbürgen] 
(K . transsilvanica  S c h u r 1857 et subsp . tenuipes  (S chur 1857) Soó 1971, 
( Ú j h e l y i  1965 p . sp.) O stk a rp a ten )
(К . pseudoglauca S ch u r 1857 — syn: K . rigidula  S im k. 1887 p. p ., K . S im o n ka ii 
A dam . 1904 p. p . —  e t su b sp . Fenzliana  (Schur 1859) Soó 1971 et subsp. Csatoi 
(Ú jhely i 1965) Soó 1971 —  rigidula  S im k. p. p. —  O stk a rp a ten ]
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Alle diese T ax a  w u rd en  in  der F l. E u r . zu r >)K. m acrantha«, wie auch K . K erneri 
u n d  K . Lam arckii Ú jhely i 1970 zu K . pyram ida ta  eingezogen.

A grostis vinealis Salisb . 1771 (A . canina  subsp . m ontana  H a r tm a n n , A . coarctata 
E hrli. ex H offm . 1800, stricto J .  F . Gmel. 1791, p u s illa  D um . 1823, etc.) 
In  0 -  und  S O -E u ro p a , wohl au ch  in  Ö sterreich  und  d e r ÍS S R  n u r die subsp. 
Syreitschikow ii (Sm irnov  B ull. Soc. N a t. Moscou 47: 248, 1939 p. sp.) Soó 
comb. n.
A. stolonifera L . subsp . sto lon izan s (Bess, ex  R . e t Sch. M an t. 1822: 577 p . sp.) 
Soó comb. n. (A . alba subsp. stolonizans L av renko  1935, A . stolonif. subsp . 
prorepens (K och) R o th m . 1963 nom . inval.)

A lopecurus pratensis L. var. obscurus G riseb, ex L edeb . 1853 =  subsp. hybridus 
(W ichura 1846 n o n  H orn. 1813) N ym . 1889: pseudonigricans  O. Schw arz 1949.

N ach trag :

W eitere  N eukom bina tionen : T helypteris thelypteroides (M ichx.) H olub subsp . 
squam igera (Sch lech tend . A d um br. 23, t .  11, 1825 p ro  v a r . A sp len ii thelyp- 
teridis) Soó comb. n.

Prunus A rm eniaea L. convar. B udáé (Pénzes K e rt. T a n in t. K özi. 5: 16— 22, 
1939 p. sp.) Soó comb. n.

Erodium  H oefftian u m  C. A. M ay. subsp . N eilreichii ( J a n k a  Ő st. B ot. Z schr. 
17: 101 p. sp.) Soó comb. n.

Cam panula patu la L . subsp. P eterfii Soó (ex. J á v . M agy. F ló ra  1926: 1080 com b. 
in ce rta , B ot. K özi. 23: 153 p. v a r.)  comb. n.

A chillea  distans W . e t К . subsp . alpina (R ochel B a n a tu s  1828: 23 p . v a r. 
A . magnae) Soó com b. n. (1940 p . subsp . A . tanacetif., A .  tanacetifolia  au c t. 
ca rp a t.)
Carduus collinus W . et К . subsp . lobulatus (B orb . M agy. B o t. L ap. 1: 318, 
1902 p. sp.) Soó comb. n. M icrospecies localis, origine h y b rid o g e n a ?: acantho- 
ides X glaucinus  ( J á v o r k a , H o l u b ) (C. spinulosus  B e rt, subsp . lob. Soó 1974 
séd C. spinulosus  ex  FI. E u r. 4: 466 est C. Personata  X C. Argemone)
Centaurea p inn atifida  Schur subsp . Sooiana (B orhidi A nn . H is t.-N a t. Mus. 
H ung . 8: 219 1957 p . subsp. C. Achtarovii U rum .) Soó comb. n.
H ieracium  in su etu n i Jo rd . ex B or. subsp. Castriferrei (B orb . V asm . f ló rá ja  
1887: 201 p. sp.) Soó comb. n.
H . floribundum  W . e t Gr. g rex  coclileatu in  (N. e t P . H ier. M itte leur. 1: 700 
1885 p. subsp., Z ah n  p . sp.) Soó com b. n.
D ianthus C arthusianorum  L. subsp . capillifrons (B orb. V asm . fló rá ja  1887: 259 
p . var.) Soó comb. n ., J á v . 1925 com b. in certa , N eu m ay er p . sp.
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ARCHITECTURAL ORGANIZATION AND 
RELATIONSHIP OF THE HUNGARIAN GENTIANA

B y

J .  S z U J K Ó - L a CZA a n d  S .  S e n *

BOTANICAL D EPARTM ENT, N ATURAL H ISTORY  MUSEUM, BUDAPEST 

(R eceived A pril 12, 1977)

The a rc h ite c tu ra l v a ria tio n  of th re e  species of Gentiana h as been stu d ied , follow ­
ing .1. S z u j k ó - L a c z a  an d  Z. Szőcs (1975). L a te ra l  b ranches h av e  been no ted  fo r th e  f irs t 
tim e  in  G. cruciata  a n d  G. pneum onanthe. B o th  species b e a r  la te ra l  b ranches a t  la te  
flow ering  stage, m ore  freq u en tly  th e  fo rm er a n d  occasionally  th e  la tte r .  F u r th e r , while 
th e  in te rn o d e  len g th  in  G. cruciata an d  G. asclepiadea is r a th e r  n o rm al in d is tr ib u tio n , 
th a t  o f G. pneum onanthe  shows an in te rm it te n t  p a tte rn  o f changes.

In  all th ree  species, the  num ber o f nodes per p la n t is fo u n d  to be sig n ifican tly  
an d  positive ly  co rre la ted  w ith  p lan t h e ig h t. T he frequency  of in te rm itte n t changes in  
in te rn o d e  of G. pneum onanthe  shows a s ig n ifican t positive co rre la tio n  w ith  p la n t h e igh t. 
In  G. cruciata , s ig n ifican t corre lation  has been  found  b e tw een  th e  log va lues o f th e  
m ean  len g th  of th e  m ain  shoots and  th a t  o f  th e  la te ra l b ran ch es. F u r th e r , th e  co rre la ­
tio n  be tw een  th e  m ean  len g th  of the  lea f s h e a th  and  th e  ra n k  o f th e  node (ran k  co rre la ­
tion) is h igh ly  sign ifican t.

T he d is tr ib u tio n  of la te ra l b ran ch es w ith  respect to  th e  nu m b er o f nodes show s 
a h ig h  d iv ers ity  a n d  low  eq u itab ility  v a lu es. The frequency  of d is trib u tio n  o f p la n t 
h e ig h t in d iffe ren t h e ig h t groups ex h ib its  th e  h ighest d iv ers ity  in  G. asclepiadea an d  th e  
low est in G. cruciata. T he h ighest d iv e rs ity  a n d  eq u ita b ility  v a lu es fo r th e  freq u en cy  of 
flow er-bearing  nodes have  been found  in  G. pneum onanthe.

Introduction

T he te rm  a rc h ite c tu re  was defined  as “ fo rm ation  or constru c tio n  w h e th e r 
as th e  re su lt of conscious ac t or g row th  or of random  disposition  of p a r ts ”  
( W e b s t e r ’s New In te rn a tio n a l D ic tio n a ry  cf. H i c k e y  1973). H i c k e y  ( 1. c.) 
e lab o ra ted  th is  te rm  a n d  defined a rc h ite c tu re  as “ an  aspec t of m orphology  
w hich applies to  th e  sp a tia l con figu ra tion  an d  coo rd ina tion  of those elem ents 
m ak in g  up  p a r t  of a p la n t w ithou t re g a rd  to  h isto logy , function , orig in  or 
hom ology” . D e v a d e s  and  B e c k  used th is  te rm  in th is  sense (1971) and  did 
n o t subscribe to  th e  v iew  of D o r m e r  (1945) to  include in its review  th e  fu n c ­
tio n a l significance of th e  a rch itec tu ra l e lem en ts. L a te r, on th e  basis of th e ir  
stud ies on P im pinella  a n is u m ,J .  S z u j k ó - L a c z a  Z. S z ő c s  (l.c .) re in te rp re ted  
a rch itec tu re  as “ p eo p o rtio n a te  spatia l a rran g em en t an d  coord ination  of organs 
as a rc h ite c tu ra l e lem en ts, m odified for special functions an d  th e reb y  re f le c t­
ing in th e ir  p ro p o rtio n s also env iro n m en ta l cond itions” . In  th e  p resen t s tu d y , 
we have used  th is  te rm  as defined by  J .  S z u j k ó - L a c z a  Z. S z ő c s  (1. c.). The

* D e p a rtm en t o f B o tan y , Seram pore College, H ooghly , W est B engal, In d ia .
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a rc h ite c tu re  of th e  p la n t, p a rtic u la r ly  as described  b y  J .  S z u j k ó - L a c z a — Z. 
S zőcs (1. c.), has n o t been s tu d ied  p ro p erly . G r i e s e b a c h  (1843) m easured  th e  
le n g th  of d ifferen t p la n t p a r ts  (p a rticu la rly  th e  in ternodes) d u rin g  the  g ro w th  
p e rio d  and  a t m a tu re  stage  to  use th e  d a ta  in  in te rp re tin g  th e  in te rc a la ry  
g ro w th  of A stran tia  m ajor. M easurem ent of in te rnode  len g th  was also used  to  
describe  the  m orphology  of som e species b y  T r o l l  (1937), an d  of Lithosper- 
m um purpureo-coeruleum  b y  K o v á t s  (1973). W e s s e l y  (1960), B a r á t h  — M á t h é  

j r . — M á t h é  (1973) m ade use of a rc h ite c tu re  to  solve th e  taxo n o m ic  problem s 
in  So lanum  species. R ecen tly , J .  S z u j i c ó - L a c z a  and  Z. Szőcs (1. c.) m ade 
an  in ten se  s tu d y  of th e  a rc h ite c tu re  of P im pine lla  an isum  in  all perspectives 
an d  stressed  its  significance in  th e  c h a ra c te riz a tio n  of species.

T he a rch itec tu re  o f th e  th ree  H u n g a rian  Gentiana  species (excluding
G. ciliata-G entianella) s tu d ie d  here consists of th e  follow ing e lem ents: rh izom e 
w ith  ad v en tito u s  ro o ts , m ain  axis o f lim ited  g ro w th  and  d iv ided  in to  in te r ­
nodes of various len g th s  leaves of d iffe ren t surface areas, p ro m in en t le a f  
sh e a th s  and hypogynous flow ers a rran g ed  in  te rm in a l and  ax illa ry  cym es.

W e were te m p te d  to  ca rry  o u t th e  p re sen t w ork d u rin g  our field s tu d y  
of th e  th ree  species in  O ctober 1976, w hen  we n o ticed  ce rta in  in te re s tin g  
fea tu re s  in them . F irs t, we observed  la te ra l b ranches, reg u la rly  in G. cruciata  
a n d  occasionally  in  G. pneum onanthe, a t  a la te  flow ering s tage . This fe a tu re  
h a s  n o t  been m en tioned  e ith e r  b y  an y  p rev ious w orker of b y  us du ring  our s tu d y  
( J . S z u j k ó - L a c z a — S. S e n  1976). Secondly , th e  in ternode len g th  was fo u n d  
to  show  a w ide range  of v a ria tio n  in  th ree  species. In  G. pneum onanthe , th e  
le n g th  of the  in te rn o d es changes m an y  tim es irregu la rly  an d  in te rm itte n tly . 
A n o th e r  in te re s tin g  fe a tu re  is th e  presence of a well m ark ed  lea f sh ea th  in  
G. cruciata.

T he s tu d y  of p la n t a rc h ite c tu re  is in te re s tin g  as i t  helps to  u n d e rs ta n d  
th e  m u tu a l coo rd ina tion  an d  co rre la tio n  of th e  d ifferen t a rc h ite c tu ra l e lem ents. 
D iv e rs ity  of d ifferen t m orphological ch a rac te rs , viz. d is tr ib u tio n  of in te rn o d e  
le n g th  in d ifferen t h e ig h t g roups, n u m b er of node per p la n t, n u m b er of flo w er­
b e a r in g  nodes per specim en, la te ra l b ran ch es in  G. cruciata , have  been s tu d ied  
w ith  a view  to  fin d  o u t th e  p ro b a b ility  of th e  frequency of appearance  of 
th e se  characters.

M aterial and m ethods

T he p resen t s tu d y  is based  on b o th  fresh  and  dried  m ateria ls. T he dried  specim ens are  
p reserv ed  in  the  h e rb ariu m  of th e  N a tu ra l H isto ry  M useum , B u d ap es t (H . B.). We co llected  
fresh  m ate ria ls of G. pneum onanthe  an d  G. asclepiadea  in  th e  village Szakonyfalu  (co u n ty  V as) 
d u rin g  O ctober, 1976, G. cruciata  was received by  th e  courtesy  of Mr. K o v á t s  who co llec ted  
i t  in  th e  B ükk  M oun ta ins (co u n ty  B orsod). All m a te ria ls  were collected  a t  the  la te  flo w er­
ing  stage.

In  th e  case o f G. cruciata , th e  m ain  shoo t o ften  bears opposite  la te ra l  b ranches, w hile 
in  th e  o th er tw o species the la te ra l b ran ch es a re  genera lly  absen t ra re ly  p re sen t in G. p n e u m o ­
n a n th e . The a rch itec tu re  o f la te ra l b ran ch es in  G. c ru c ia ta  has been s tu d ied . The len g th  of
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each  in ternode  of th e  la te ra l shoot of b o th  th e  sides and the  sum  of th e  len g th  of th e  in ternodes 
o f each  b ran ch  have  b een  p resen ted  in T ab le  4. The presence of well m ark ed  leaf sh ea th s is 
a n o th e r no tew orthy  fe a tu re  of G. cruciata. T h e  m ean leng th  of each  sh ea ts  from  base to apex 
h as been  com puted  on th e  basis of f if te en  obse rv a tio n s each.

F or the  s tu d y  of a rch itec tu ra l v a r ia tio n , th e  m ain shoot has been  d iv ided  in to  th ree  
zones. The upper zone consists of th e  th re e  up p erm o st in te rn o d es an d  th e  low er of th e  four 
low erm ost in ternodes, while the  m iddle zone com prises tw o in te rn o d es selected  from  the  
o th e rs , grown in th e  m iddle  of shoot, by  th e  analysis of variance. T he len g th  of each selected 
in te rn o d e  has been m easu red  and th e  m ean  value determ ined. T he p a tte rn  o f d is tr ib u tio n  of 
th e  m ean  in ternode len g th  in re la tio n  to  th e  n u m b er of in te rnodes of G. cruciata  and  G. ascle- 
piadea  has been illu s tra te d . These tw o species have been d iv ided in to  tw o categories each, 
d ep end ing  on th e  node of developm ent o f th e  in ternode leng th . The d is tr ib u tio n  curve of 
in te rn o d e  leng th  has n o t been d raw n  in th e  case of G. pneum onanthe , because th e  frequency 
of change  in in ternode len g th  is qu ite  v a riab le  like as a sinus curve.

T he variance of th e  following c h a ra c te rs  have  been analysed  an d  th e  re su lts  tab u la ted  
in  T ab le  5— 13 follow ing Sváb (1966):

a) T o ta l nu m b er of nodes per p la n t  in  th ree  species.
b) L ength  of in te rn o d es  bearing  la te ra l  b ranches in G. cruciata.
c) T otal leng th  of la te ra l b ranch(es) o rig ina ting  from  one node in  G. cruciata.

In  th e  case of G. pneum onanthe , we hav e  calcu la ted  the  frequency  of change in  in te rnode  
len g th  a t  different p ro b a b ility  levels (T able 16).

The coefficient o f co rre lation  has been  determ ined  for th e  follow ing p a irs  of characters , 
follow ing Sváb (1966). (The resu lts  a re  p re sen te d  in Table 5.)

1) T o ta l n u m b er o f nodes per p la n t  and  num ber of nodes d irec tly  b earin g  flowers 
in  each species.

In  G. cruciata:
2) T o ta l n u m b er of nodes per p la n t  an d  num ber of nodes b earin g  flow ers on la te ra l 

branches.
3) T o ta l nu m b er o f nodes bearing  flow ers on la te ra l b ran ch es an d  th e  to ta l  nu m b er of 

nodes bearin g  inflorescences flow ers on th e  m ain axis.
4) T otal n u m b er of inflorescence flow er bearing  nodes o f th e  m ain  axis and  la te ra l 

branches, an d  to ta l  nu m b er o f nodes w ithout la te ra l shoo ts an d  inflorescence 
flowers.

5) Mean log v a lu es of th e  len g th  o f in ternodes bearing  a la te ra l  b ra n ch  and  m ean 
log values o f th e  leng th  of la te ra l  branch(es) o rig in a tin g  from  one node.

6) Mean leng th  of th e  leaf sh ea ts a n d  th e  ran k  of th e ir nodes (ran k  co rre la tion ).
In  G. pneum onanthe:
7) T o ta l leng th  of th e  p lan t and  th e  freq u en cy  of the  in te rm it te n t  changes in in ternode 

lengths (linear as well as log values).
T able  6. p resen ts th e  resu lts  of th e  s tu d y  of the  d iversity , e q u ita b ility  an d  re la tiv e  equi- 

ta b il i ty  of the follow ing characters:
1) Frequency  of d is tr ib u tio n  of p la n t  h e ig h t in d ifferen t h e ig h t g roups.
2) N um ber of nodes per p lan t in  e ach  species.
3) N um ber o f flow er-bearing  nodes.
4) Frequency  of d is tr ib u tio n  of la te ra l  branches in G. c ru c ia ta . F o r th e  co m p u ta tio n  of 

d iversity , we hav e  ad op ted  th e  S h a n n o n — W ie n n e r ’s M odel (1963), for th e  e q u ita ­
b ility  (E ) we follow ed L loyd  a n d  Gh ela rd i (1964). T he re la tiv e  eq u itab ility

( E ' =  —------ ^  1 has been  d e te rm in ed  following J .  Sz u jk ó -L acza—Se n  (1977).
V log m ax , C J

R esults an d  discussion

In  the  follow ing 16 tab les we dem o n stra te  th e  basic  de ta ils  and  the 
analysis  of those d a ta , by  d ifferen t m ethods.

A ccording to  M itscherlich , th e  m ean  in ternode len g th  in p la n ts  of lim ited  
g ro w th  follows an S -shaped  d is tr ib u tio n  (cf. W ent 1957). The th ree  Gentiana 
species stud ied  here are  p lan ts  o f lim ited  grow th, b u t th e ir  in te rn o d e  length
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Table 1
Length o f  internodes o f main

Serial No. of internode 1 2 3 4 5 6 7

Specim en No. 1 39 46 54 46* 52* 48 42
2 42 40 38* 38* 35* 28* 19
3 32 45 40 41 35* 45* 51*
4 30 32 44 52 53* 56* 55*
5 26 64 75 53 50 53 43
6 32 60 62* 30* 25* 20* 30
7 35 40* 50* 43* 54* 61* 53
8 15 21 22 57* 64* 65* 54*
9 21 53 54 57 45* 44* 36*

10 35 55 56 35 33 25* 23*
11 21 30 38 50 45 44 35
12 26 50 42 43 35 35 28*
13 32 45 46 40 38* 36* 30*

Table 2
Length o f  internodes o f  main shoots

Serial No. of intemodes 1 2 3 4 5 6 7 8 9 10

Specim en No. 1 8 14 15 18 22 27 17 18 16 23
2a 5 7 10 9 11 26 24 21 23 12
2b 16 18 20 25 27 29 31 27 23 24
3 18 22 30 28 27 28 30 31 32 35
4 12 15 17 21 25 27 28 26 63 62
5 16 30 35 37 50 35 38 30 33 38
6 12 23 28 30 26 25 24 19 22 22
7 10 25 51 30 35

О*

*45 *65 * ON О □ *66n
8 6 8 10 11 12 11 13 14 14 18
9 12 25 26 28 21 23 28 31 30 25

10 13 14 20 18 21 15 16 17 25 30

11a 6 8 11 10 12 9 12 13 15 16
l i b 8 11 12 13 11 12 13 15 13 11
12 7 8 6 8 11 13 21 16 15 13

13 19 20 23 19 14 16 20 22 18 28

14 9 8 10 11 17 21 23 *18 *13

15 8 11 13 19 31 42 52 54 62 66
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shoots in  G. cruciata ( in  m m )
8 9 10 11 12 13 14 Group No.

37 28 l

14 12 l

46* 35* 25 22 l

46* 41 21 15 2

45* 54* 56* 55 49 16 1
30 25 18 12 2

30 18 1

38 21 16 1

35* 26 24 15 2

21* 18 17 15 2

40* 34* 30* 24* 31* 20 10 1

27* 26* 26* 25* 24 20 17 2

28* 26* 20* 14 11 2

* =  Presence  of la te ra l b ranch(es) a t  p a r tic u la r  nodes.

in  G. pneum onanthe  ( in  m m )

11 12 13 14 15 16 17 18 19 20 21 22 23

26 28 43 55 45 * 4 0 ° * 3 5 ° *41 □

□COCO*

* 1 2 °

18 16 15 14 19 20 13 11 14 16 17 * 1 8 ° * 1 4 °

23 20 18 17 18 16 15 14 16 * 1 4 ° *13D

30 28 27 30 28 30 32 *36D •23 d * 1 8 °

68 *72d *55 D * 3 8 ° *3 2 ° *30D

42 55 50 41 38 32 *65 *50 *10D

25 *30D * 3 8 ° *37 □ *32

*57d *30 *18

22 36 35 39 *5 0 ° *40a

*22 *21 *18

35 44 * 5 2 ° * 6 9 ° *30

22 28 39 *16 *14

11 12 18 19 17 21 *26 *23 *21 *17

*11

50 35 53 60 65 *72 * to CO □

72 *74 *52 *40 *31

* =  F low er(s)-bearing  node.
□ =  P resen ce  of la te ra l b ranch .
a an d  b in d ic a tin g  1st and 2nd  m ain  sh o o ts  o f th e  sam e rhizom e.
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T ab le  3

Length o f  internodes o f  m ains shoots

Serial No. of internodes l 2 3 4 5 6 7 8 9 10

Specim en No. la 11 14 18 40 55 50 42 40 42 41
lb 13 30 50 63 48 43 44 40 36 34
2a 6 22 50 68 62 52 50 44 35* 25*
2b 14 22 75 62 50 40 32 7 6
2c 9 95 96 62 47 35 30* 25* 20 14
2d 35 80 87 60 55 38 32 28* 27* 24*
3a 11 12 25 36 38 46 45 43 38 35
3b 8 14 26 32 40 45 44 38 35 28
3c 11 13 21 28 35 38 42 48 41 38
4a 12 38 75 66 57 42 34 22 20* 14

4b 10 18 22 45 48 44 45 44 43 41
5a 18 46 66 67 58 48 39 41 40 39
5b 17 52 71 73 66 61 57 52 41 40
6 10 22 31 35 36 34 36 33 30 28

7 13 35 44 45 38 36 34 32 26 24

8 12 18 60 68 64 56 52 42 35 42
9a 21 60 90 68 56 42 30 20 18 8*
9b 8 12 22 84 69 38 21 18

10 12 37 35 36 50 45 44 45 42 40
11 8 30 50 54 46 45 40 38 30 31
12 12 22 38 42 40 38 39 38 32 33

13 8 14 49 45 40 39 38* 35* 30* 28*
14 10 30 38 37 35 35 30 28 27 25*
15 7 22 52 50 45 44 38 37 28 30

does n o t appear to  be  d is tr ib u te d  in an  S -shaped  p a tte rn . O f the  th ree  species, 
we h av e  stud ied  th e  d is tr ib u tio n  of m ean  len g th  of the  in ternodes in re la tio n  
to  in te rn o d e  n u m b er o n ly  in G. cruciata an d  G. asclepiadea, because in G. pneu-  
monanthe  the len g th  o f  th e  in ternodes changes m an y  tim es irregu larly  and  
in te rm itte n tly . B o th  G. cruciata and  G. asclepiadea  were divided in to  tw o 
categories according to  p a tte rn  of change in in te rn o d e  length . In  th e  firs t 
g ro u p , th e  in ternodes show  a g radual increase  in  len g th  from  base up to  m iddle  
an d  th e n  a g radual decrease from  m iddle to  apex . T he in ternodes of th e  o th e r 
g roup  a b ru p tly  in crease  from  base up  to  m iddle  an d  th en  decrease tow ards 
apex . The p lan ts  of th e  f irs t group a p p ea r to  follow a m ore or less no rm al
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in  G. asclepiadea ( in  m m )

11 12 13 14 15 16 17 18 19 20 21 Group No.

30 25 20 18* 16* 12* l

25 22* 16 13* l

21* 16* 8 * 2

2

2

15 2

28 21 18 14 12 8 7 7 6 * 1

21 20 18 15 12 7 1

36 28 19 12 8 6* 1

9 2
38 37 31 28 27* 22* 19* 15* 14 7* 6 1

35 30 25* 18* 1

38 35 30* 28* 23* 21* 14* 1

30* 18* 25* 16* 1
22 21 10* 19* 14* 1
40 34* 25* 24* 22* 1

2

1

45 39 40 42* 34* 32* 30* 29* 27* 21* 1

28 27 25* 24* 18* 17* 12* 11* 8 * 1

34* 28* 24* 22* 18* 14* 11* 1

25* 22* 18* 8 * 1
22* 20* 17* 13* 11* 1

27 25* 24* 22* 20* 18* 17* 14* 8 * 2

* =  F low er(s)-bearing  node.
a, b  and c in d ic a tin g  1st, 2nd and  3rd m ain  shoots o f th e  sam e rh izom e.

d istrib u tio n  in b o th  G. cruciata  (Fig. 1) and G. asclepiadea , w ith  a slight in c lin a ­
tio n  tow ards th e  r ig h t (F ig. 3). The second g roup  also appears to  follow  a 
norm al d is tr ib u tio n  ex cep t t h a t  in  G. cruciata th e  curves show  a slight inc li­
n a tio n  tow ards th e  le ft and  a long ta il tow ards th e  r ig h t (F ig. 2) and  in th e  
case of G. asclepiadea  a sud d en  elongation  up to  th e  m iddle and  th e n  a slight 
in c lina tion  to w ard s th e  r ig h t (Fig. 4). Thus th e  m ean  in te rn o d e  leng th  does 
n o t ap p ear to  follow  an  S -shaped  d is trib u tio n  in  G. cruciata  an d  G. asclepiadea, 
b u t  ra th e r  a m ore or less n o rm al d is trib u tio n . A n o te w o rth y  fea tu re  of G. cru­
ciata  is th e  p resence of lea f sh ea th s  a t  each node. T he len g th  of th e  lea f sh ea ths 
g radua lly  decrease from  base  to  apex  (Fig. 5).
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T he resu lts o f th e  va rian ce  analysis o f the  n u m b er of nodes per p lan t 
a re  p resen ted  in Tables 5 13. T hough th e  m ean n u m b er of nodes p er p lan t 
is q u ite  d ifferent in  th e  th re e  species, its  v ariance  does n o t show  sign ifican t 
differences betw een th e  species. T he n u m b er of nodes p er p la n t can  no t, 
th ere fo re , be a useful d istin g u ish in g  c h a ra c te r  for th e  th ree  G entiana  species.

T he m ost in te re s tin g  fea tu re  of G. cruciata  is th e  dev e lo p m en t of la te ra l 
b ra n c h e s  a t  a la te  flow ering  stage. T his ch a rac te r has n o t been  rep o rted  by  
a n y  o f th e  m onographers of G entiana  (F röech  1796, Gr ise b a c h  1839 and  
K u sn e z o w  1896—1906). T he la te ra l b ran ch es are only ra re ly  n o ticed  in dried 
h e rb a riu m  specim ens, p ro b a b ly  because m ost of th e  specim ens w ere collected

0 1 2 3 4 5 6 7 8 0  10
number of node

F ig. 1. No 1. Gentiana cruciata. D is tr ib u tio n  of m ean  in te rn o d e  len g th  in  re la tio n  to  th e  n u m b er
of nodes (N  =  7)

number of node
F ig . 2. No 2. Gentiana cruciata. D is tr ib u tio n  o f m ean  in te rn o d e  len g th  in  re la tio n  to  th e  num ber

of nodes (N  =  6)
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a t  ea rly  or fu ll b loom ing phenophases. T he la te ra l b ranches are u sua lly  opposite  
or a lte rn a te  and  develop in th e  ac ro p e ta l succession. T he low er branches are 
b igger, genera lly  divided in to  2 — 3 in te rn o d es and  b ear flow ers, while th e  
u p p e r ones are  sho rte r and  occasionally  b e a r flow ers (Figs 6 and 7). T he re su lt 
of th e  v a rian ce  analysis of th e  len g th  of th e  la te ra l b ranch(es) has been fo u n d  
to  be in s ig n ifican t (Tables 5 13).

W e h av e  also m ade an a t te m p t to  fin d  ou t th e  co rre la tion  coefficient of 
d iffe ren t c h a ra c te r  pairs in  th e  th re e  species (T ab le  14, 15a, b ). The h e ig h t 
o f th e  p la n t an d  th e  n um ber of th e  nodes show  a positive co rre la tion  in  all 
species, s ign ifican t a t 5%  level in  G. pneum onanthe, a t 2 %  in G. cruciata, an d  a t  
0.1 %  in G. asclepiadea.

F ig. 3. No 3. G entiana asclepiadea. D is tr ib u tio n  o f m ean  in te rn o d e  len g th  re la tio n  to  th e
n u m b er o f nodes (N  =  16)

n u m b e r  o f  n o d e

F ig . 4. No 4. Gentiana asclepiadea. D is tr ib u tio n  of m ean  in te rn o d e  len g th  in  re la tio n  to  th e
n u m b er o f  nodes (N  =  8)
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F ig. 5. No 5. Gentiana cruciata. R ela tionsh ip  b e tw een  th e  m ean  len g th  of th e  leaf sh e a th  and
th e  ra n k  of th e ir  nodes (N  =  19)

In  the  case of G. cruciata, a s ign ifican t positive co rre la tion  (a t 0 .1% ) was 
fo u n d  betw een th e  log  values of the  m ean  len g th  of th e  in te rn o d e  and  th e  log 
values of th e  m ean  le n g th  of the  b ran ch es o rig inating  from  one node. The 
co rre la tion  betw een  th e  m ean  length  of th e  sh ea t and  th e  ra n k  of th e  node 
(R an k  correlation) is h ig h ly  sign ifican t a t  0 .1%  level w hich ind ica tes th a t  th e  
len g th  of the  sheats  is n o t in d ependen t o f th e ir  position .

The log values o f th e  m ean heigh t ex h ib its  a positive  co rrelation  (sign i­
f ic a n t a t  5%  level) w ith  th e  frequency  of in te rm itte n t  changes in  th e  in te rn o d e  
len g th  in G. pneum onanthe. The in te rm itte n t  changes (o rthosth ichous) in  th e  
in te rn o d e  leng th  of G. pneum onanthe  ap p ears  to  be a ch arac teris tic  fea tu re  
a n d  th e ir  frequency  d ire c tly  re la ted  to  th e  p la n t he igh t.

The d is tr ib u tio n  o f la te ra l b ranches in  re la tion  to  nodes in G. cruciata  
show s a high d iv e rs ity  va lu e  and  low e q u ita b ility  (Table 16). I t  m ay, therefo re , 
he concluded th a t  th e  orig in  of the  la te ra l b ranches is irregu lar.

The frequency  o f d is trib u tio n  of p la n t  he igh t in  d ifferen t he igh t g roups 
show s m axim um  d iv e rs ity  in G. pneum onanthe. The re la tiv e  e q u ita b ility  for 
th e  sam e ch a rac te r is found  to  be h ig h est in  G. asclepiadea  and  low est in 
G. cruciata. The d iv e rs ity  and  the re la tiv e  e q u ita b ility  values m ay  be re la te d  
to  th e  n um ber of shoo ts orig inating  from  th e  rhizom e. In  G. asclepiadea, 2 3
shoo ts arise from  th e  rh izom e while is G. cruciata  th e  rh izom e gives rise to  
num ero u s shoots. H ow ever, it  is d ifficu lt to  com m ent upon  th e  values of 
G. pneum onanthe  as th e  species is affec ted  b y  freq u en t grazing  and  so th e  
v alues m igh t n o t be g iv in g  the  tru e  p ic tu re .

The d iversity , e q u ita b ility  and re la tiv e  e q u ita b ility  of th e  flow er-bearing  
n odes are  h ighest in  G. pneum onanthe. H ow ever, th e  values of th e  o th e r tw o 
species are also n o t fa r  from  those of G. pneum onanthe.
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T ab le  4

Length o f  the lateral branches in  G. cruciata

No. of 
specimen

Serial 
No. of 

internode

Lateral branches

Total length (in mm)

First Second

1st internode 2nd 3rd Г 1st internode 2nd 3rd Г
Flower 

bearing node 
from base

l l 6i 61 57 57 4 th
2 53 — — 53 42 — — 42 5th

2 1 70 40 — 110 — — — — 3rd
2 34 — — 34 38 — — — 4th
3 46 16 — 62 31 — — 31 5th
4 22 — — 2 20 — — 20 6th

3 1 142 — — 142 — — — — 5th
2 — — — — 101 — — 101 6th
3 — — — — 68 — — 68 7 tli
4 69 — — 69 68 — — 68 8th
5 28 — — 28 24 — — 24 9th

4 1 70 40 25 135 80 55 30 165 5th
2 78 34 — 112 91 35 — 126 6 th
3 52 — — 52 50 — — 50 7th
4 15 — — 15 14 — — 14 8th

5 1 55 — — 55 50 — — 50 8 th
2 57 — — 57 40 — — 40 9th
3 12 — — 12 10 — — 10 10th

6 1 68 10 — 78 50 27 — 77 3rd
2 47 — — 47 45 — — 45 4th
3 15 — — 15 13 — — 13 5th
4 11 — — i l 9 _ — 9 6th

7 1 — — — — 130 60 — 194 2nd
2 95 17 — 112 90 10 — 100 3rd
3 75 — — 75 58 — — 58 4th
4 50 — — 50 45 — — 45 5th
5 20 — — 20 18 — — 18 6th

8 1 110 66 — 176 — — — — 4 th
2 105 28 — 132 98 24 — 122 5th
3 66 — — 66 42 — — 42 6th
4 18 — — 18 14 — — 14 7th

9 1 30 — — 30 — — — — 5 th
2 — — — — 28 — — 28 6th
3 27 — — 27 21 — — 21 7th
4 18 — — 18 10 — — 10 8th

10 1 22 — — 22 18 — — 18 6th
2 21 — — 21 17 — — 17 7th
3 20 — — 20 8 — — 8 8th

11 1 61 — — 61 56 — — 56 8th
2 46 — — 46 42 — — 42 9th
3 40 — — 40 37 — — 37 10 th
4 25 — — 25 19 — — 19 11th
5 10 — — 10 8 — — 8 12th

12 1 40 — — 40 — — — — 7th
2 34 — — 34 32 — — 32 8 th
3 37 — — 37 20 — — 20 9th
4 28 — — 28 24 — — 24 10th
5 12 — — 12 8 — — 8 11th

13 1 50 — — 50 36 — — 36 5th
2 46 — — 46 40 — — 40 6th
3 32 — — 32 30 — — 30 7th
4 31 — — 31 26 — — 26 8th
5 13 — — 13 10 — — 10 9 th
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Fig. 6. G entiana  c ru c ia ta  w ith  la te ra l b ran ch es (collected in  O ctober, 1976) (B u n k e  Z s .)
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Fig. 7. L eaf sh ea th  of Gentiana cruciata  a, b a sa l; b, apex

Table 5
N um ber o f  node/species

Specimen No. 1 2 3 4 5 6 7 » 9 10 11 12 13 14 15 A verage

Nam e of th e  species 

G. cruciata 9 9 11 и 13 10 9 10 12 11 11 14 14 12 13 11.26

G. pneumonanthe 16 14 13 9 10 11 19 15 16 11 21 14 17 14 15 15.33

G. asclepiadea 20 23 21 16 19 15 13 13 15 20 11 17 14 9 15 17.06

Table 6
A n a ly s is  o f  variance in  the num ber o f  nodes in  three species

Source of variability SQ FG MQ

T rea tm en t 177.25 44

R esidual 407.20 2 88.62

T otal 584.45 42 9.69

Table 7
Average ( in  the diagonal) , their differences ( in  the right upper h a lf

o f  the m atrix) indicate no s gn ificance

Species 1 2 3

G. cruciata 11.26 4.07 5.80

G. pneum onanthe 15.33 1.73

G. asclepiadea 17.06
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Table 8

Length o f  internodes bearing lateral branch(es) in  G. cruciata

Serial
num ber No. 
of specimen

1 3 4 Average

l 38 32 35 28 33.25
2 35 45 51 46 44.25

3 53 56 55 46 52.50
4 62 30 25 20 34.25
5 40 50 43 54 47.25
6 57 64 65 54 60.00

7 45 44 36 35 40.00

8 40 34 30 24 32.00
9 28 27 26 26 26.75

10 38 36 30 28 33.00

Table 9

A n a ly sis  o f  variance in  the length o f  internodes bearing lateral branch(es)

Source of variability SQ FG MQ

T rea tm en t 3945.22 39
R esidual 1827.75 9 438.35
T o ta l 5772.97 30 60.92

Table 10

Average ( in  the d ia g o n a l), their difference ( in  the right upper h a lf o f  the m a trix )
indicate no significance

Specimens 1 2 3 4 5 6 7 8 9 10

l 33.25 11.00 19.25 1.00 14.00 26.75 6.75 1.25 7.25 0.25
2 44.25 8.25 10.00 3.00 15.75 4.25 12.25 18.25 11.25
3 52.50 18.25 5.25 7.50 12.50 20.50 26.50 19.50
4 34.25 13.00 25.75 5.75 2.25 8.25 1.25
5 47.25 12.75 7.25 15.25 21.25 14.25
6 60.00 20.00 28.00 34.00 29.00
7 40.00 8.00 14.00 9.00
8 32.00 6.00 1.00
9 26.00 7.00

10 33.00
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Table 11

Total length o f  lateral branch(es) originating fro m  one node

Serial No. 
of lateral 
branches

1 2 3 4 A verage

No. of 

specimen 

1 110 72 93 42 79.25
2 142 101 68 137 112.00

3 300 238 102 29 167.25

4 155 92 28 20 73.75

5 194 202 133 95 156.00

6 176 255 108 32 150.75

7 30 28 48 28 40.50

8 117 88 77 44 92.50

9 40 66 57 52 66.75

10 86 86 62 57 87.00

Table 12

Variance analysis o f  total length o f  lateral branch(es) originating fro m  one node

Source of variability | SQ FG MQ

T reatm en t 73,281.00 39

Residual 102,299.50 9 8142.33

T otal 175,580.50 30 3409.98

Table 13

Average ( in  the d iagona l), their differences ( in  the right upper h a l f  o f  the m a trix )
indicate no significance

Specimen 1 2 3 4 5 6 7 8 9 10

l 79.25 32.75 88.00 5.50 76.75 70.75 38.75 13.23 12.50 7.25

2 112.00 55.25 38.25 44.00 38.00 71.50 19.50 45.25 25.00

3 167.25 93.50 11.25 17.25 126.25 74.75 100.50 80.25

4 73.75 82.25 76.25 33.25 18.75 7.00 13.25

5 156.00 6.00 115.60 63.50 89.25 69.00

6 150.00 109.50 57.50 83.25 63.00

7 40.50 52.00 26.25 46.50

8 92.50 25.75 5.50

9 66.75 20.25

10 87.00

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



408 SZUJKÓ-LACZA, J . — SEN , S.

Table 14

Frequency o f the in term itten t changes in  the length o f  internodes o f  G. pneumonanthe

N o. of changes 1 2 3 4 5 6 7 8 9
N o. o f specimens 0 2 3 4 4 0 3 0 1
P ro b ab ility

va lues 0 0.1176 0.1764 0.2352 0.2352 0 0.1764 0 0.0588

Table 15

A )  T he  r values between the total number o f  nodes 
a n d  height o f  the p lan t in  three Gentiana species

G. cruciata G. pneumonanthe G. asclepiadea

0.5961** 0.4568* 0.7037****

Sign.: P  >  5%  =  *; P  >  2%  =  **; P  >  1%  =  ***; P  >  0 .1%  =  ****.

В )  The r values between the character p a irs in G. cruciata

1. T otal n u m b er o f nodes. 2. T o ta l n u m b er o f nodes d irec tly  b earin g  inflorescences. 
3. T o ta l num ber o f n o d es b ea rin g  inflorescences on la te ra l b ran ch es. 4. H eight of p lan t. 
5. T o ta l num ber o f no d es b ea rin g  inflorescences on th e  la te ra l b ra n ch e s  and to ta l nu m b er 
o f nodes bearing in flo rescen ces on th e  m ain  shoot. 6. T o ta l n u m b er o f nodes w ithout la te ra l 
sh o o ts  and inflorescences. 7. Log values o f th e  m ean  len g th  of in te rn o d es  bearing la te ra l  
b ranches. 8. Log v a lu es o f  th e  m ean  len g th  of la te ra l  b ranch(es) o rig in a tin g  from  one node.
9. M ean length  of th e  le a f  sh ea th s . 10. R a n k  of th e  nodes (from  b ase  to  apex)

Character number G. cruciata

1 and 2 0.1010

1 and 3 0.3447

5 and 4 0.2283

5 and 6 0.1163

7 and 8 0.9876****

9 and 10 -0 .9461****

C)  The r values between the total length 
o f  the p lan t and total num ber o f  changes 
in  internode length in  G. pneum onanthe

Normal values Log values

0.2703 0.4157*
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Table 16

1. A )  D iversity  values o f  the height o f  the p la n t , 
equitability and relative equitability

Name of the species H ’ E E ’

G. cruciata 1.6118 0.8283 0.3597

G. pneum onanthe 2.1500 0.9785 0.4249

G. asclepiadea 1.8050 0.7839 0.7839

В )  D iversity  values o f  the number o f nodes/plant, 
equitability and relative equitability

Name of the  species H ’ E E ’

G. cruciata 1.7488 0.9760 0.7289

G. pneum onanthe 2.1220 0.9216 0.9216

G. asclepiadea 2.2101 0.9599 0.9217

C)  D iversity  values o f  nodes-bearing flo w ers , 
equitability and relative equitability

Name o f the  species H ’ E E ’

G. cruciata 1.3229 0.3495 0.3635

G. pneumonanthe 1.4614 0.6213 0.7027

G. asclepiadea 0.8965 0.4311 0.4311

2. D iversity  o f  d istribution  o f lateral branches 
in  G. cruciata and equitability

H* E

1.4111 0.5884

Conclusion

W e have m ade a com p arative  s tu d y  o f  the three sp ecies a t d ifferent 
sta g es o f  their grow th, becau se som e o f  th e  characters appear at d ifferent d eve­
lo p m e n ta l stadia and p henop hases (J . S z u j k ó - L a c z a  —  G. F e k e t e  1973), 
e .g . la tera l branches in G. cru c ia ta .  In  th is species, f low erin g  starts in Ju ly  
and con tin u es to  th e end  o f  O ctober (J . S z u j k ó - L a c z a  S . S e n  1977). So at the  
end o f  th e  flow ering season  it produces la tera l branches to  en h ance its  f lo w ­
ering. A  com parison o f  th e  curves for th e m ean in tern ode len g th  in G. cru-
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d a t a  and G. a s d e p i a d e a  and th e  m ean  len gth  o f  le a f  sh ea th s in  G. c r u d a ta  
in d ica tes th a t th e  tw o  organs do n o t  show  sim ilar p attern s o f  change from  
h ase to  apex.

In  the case o f  G. p n e u m o n a n th e ,  la tera l sh o o ts  are occasion a lly  found. 
I ts  apparent reason  m a y  b e th e  longer flow ering  t im e . B u t an other p ossib ility  
m a y , how ever, b e th a t  th e  p lan t grow s in  d isturbed  areas and is thus liab le to  
freq u en t grasing and in ju ry  b y  h um an  agencies. So it  is forced  to  bear la tera l 
sh oo ts in order to  co n tin u e  its  f low erin g  for a longer tim e .

The arch itectural an a lysis  has been  fo u n d  to  be h elp fu l to  k now  th e  
relationship  b etw een  th e  arch itectu ra l elem ents o f  th e  three species. S ign ifican t  
correlation  va lu es b e tw e en  th e  elem en ts m ay  p rov id e a n ew  scope for critical 
m orphological and ta x o n o m ic  stu d ies.

In  the case o f  d iv er s ity , w e tried  to  fin d  o u t th e  p ro b a b ility  o f the fre­
q u en cy  o f th e ap p earan ce o f th e  in v estig a ted  characters. H ig h  d iversity  in d i­
ca tes  low  p rob ab ility  v a lu es (e.g . th e  d istrib ution  o f  la tera l branches in relation  
to  nodes is G. c r u d a t a ) .
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T he v e rtica l d is trib u tio n  of ch lorophy lls an d  caro teno ids w ith in  p la n t  com m uni 
ties w as s tu d ied  by  m eans of p ig m en t ex am in atio n s carried  o u t in  th e  th re e  m ain  
p ro d u c in g  s tra ta  of th e  tu rk ey -o a k  m odel a rea  o f th e  “ S ík főkú t P ro je c t” .** I n  th e  
co m m u n ity , a w ell-expressed v e r tic a l p ig m en t d is tr ib u tio n  w as fou n d . I t  is c h a ra c te r ­
istic  of th e  v e rtica l p igm en t s tru c tu re  o f th e  fo res t com m unity  th a t  in th e  low er s t r a ta  
o f th e  coenosis, in connexion w ith  th e  do w n w ard  v e rtica l decrease of th e  lig h t q u a n ti ty ,  
th ere  occur defin itely  h igher v a lu es o f  ch lo rophy ll and  caro teno id  co n cen tra tio n s . T he 
decrease  in  th e  chlorophyll a /b  ra tio  o f th e  sh ru b  and  th e  herb  layers com pared  w ith  
th e  la y e r  o f th e  u p p e r canopy  m ay  be  conn ec ted  w ith  th e  sp ec tra l change follow ing 
w hen lig h t filte rs  th ro u g h  a h igher lay e r. A m ong th e  m ain  p rod u c in g  s t ra ta ,  i t  is th e  
u p p e r  can o p y  where m ost o f th e  p ig m en t is localized  (expressed in k g /lea f a rea ), w hile 
am ong  th e  tw o lower layers i t  is th e  sh ru b  lay e r w here  in  sum m er, an d  th e  h e rb  lay e r 
w here in  a u tu m n  th e  h ighest to ta l  p ig m e n t v a lu es are  to  be found .

In tro d u c tio n

Our s tu d y  com prises th e  p h o to sy n th e tica l p igm ent exam in ation  resu lts  
ob ta in ed  in  th e  1976 cu ltiv a tio n  o f  th e  period  sum m er, and au tu m n  a sp ects , 
from  the th ree m ain producing layers w hich  stru ctu ra lly  form  th e  forest  
assoc ia tion  in  th e rep resen tative  research  m odel area (S ík fők ú t P roject) o f  
th e H u n garian  turkey-oak  eco sy stem . Our exam in ation s are h ig h ly  ju s t if ie d  
b y  th e fa c t  th a t  in the tran sform ation  o f  rad iation  en ergy  in to  p o te n tia l  
ch em ical en ergy , on account o f  their role are essen tia lly  th e p o in ts o f d eparture  
in th e en ergy  flo w  o f ecosystem s. T herefore, in the com p lex  eco sy stem  re­
searches d eta iled  q u a lita tive  and q u a n tita t iv e  p h o to sy n th etica l p igm en t in v e s ­
t ig a tio n s coverin g  th e w hole p lan t stan d  o f  th e ecosystem  are in d isp en sib le .

T he p igm en t exam in ation s o f  n a tu ra l p lan t com m u n ities m a in ly  in v o lv e  
ch lorop h y ll, and  in m ost cases, th e ir  aim  is to  express th e  p ro d u c tiv ity  ra te  
o f the co m m u n ity  b y  m eans o f  th e  ch lorop h yll con ten t (for exam p le, H . T . 
O d u m — M c C o n n e l  — A b b o t t  1958, B r a y  1960, N e w b o u l d  1967, K  v e t  

O n d ó k — N e c a s —  J a r v i s  1971). M oreover, th e  ch lorophyll ex a m in a tio n s  o f

* “ S ík fő k ú t P ro jec t” , No. 34.
** N o rth  H un g arian  M iddle R an g e , a t  th e  so u th e rn  foo t of th e  B ü k k  M oun ta in .
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te rre s tr ia l p lan t co m m unities m ostly  re fe r to  th e  u n i-layered  herb or crop 
s tan d s  (for exam ple, B rougham  1958 ,1960, Me d i n a  and  L ie t h  1964, O k ub o  
K a w a n a b e -  H o sh in o  1971; in H u n g a ry , fo r exam ple, O r b á n  1972).

Com plex p h o to sy n th e tic  p igm ent in v es tig a tio n s  should  ex ten d , to  beside 
ch lorophylls — p ig m en ts  considered th e  m o st im p o r ta n t —, to  caro teno ids 
as well. The im p o rtan ce  of caro tenoids is in d ic a te d  b y  th e  fa c t th a t  no m u ta n t  
is knowm from  w hich  a ll th e  caro tenoids w ould  be m issing and  w hich a t  th e  
sam e tim e  w ould be ab le  to  carry  o u t p h o to sy n th es is . C arotenoids, w hose ro le 
in  pho tosy n th esis  has n o t  nearly  been  c larified , are  absorbed  to  a ra th e r  
sign ifican t e x te n t b y  th e  ITV, green an d  b lu e  p a r ts  of th e  spec trum  (R a b i n o - 
w it c h  and  Go v i n d j e e  1969). T heir ab so rb ed  energy  are delivered  e ith e r  
th ro u g h  the  ch lo rophy ll-b  to  the  effec tive  ch lo rophy ll-a  form s ( F ran cz k o - 
w i a k — Salamon  1970), o r th e  energy can  even  d irec tly  reach  th e  ch lo rophy ll-a  
(G o e d h e e r  1969), a lth o u g h  w hat has b een  said  above has as y e t been  p ro v ed  
on ly  in  th e  algae.

In  higher o rder p la n ts  i t  is ra th e r  th e ir  p a r t  p lay ed  as p rev en tiv e  p ig m en ts  
w hich can be stressed  in  th a t  by  abso rb ing  th e  h arm fu l lig h t o f sh o rte r w ave 
len g th s , th e y  p ro te c t, th e  p h o to sy n th e tic  a p p a ra tu s  from  th e  p h o to d estru c tiv e  
effect of in tensive  lig h t (A n d e r s o n  1958 an d  A n d e r s o n  — R o b e r t s o n  1961). 
A ccord ing  to  D o n o h u e  (1967) and Sa p o z h n ik o v  (1969), x an th o p h y lls  p lay  
a sign ifican t p a r t  in  th e  developm ent o f th e  p h o to sy n th e tic  0.,.

T he synchronous exam in a tio n  of caro ten o id s , co n stitu tin g  an  organic 
p a r t  of th e  p h o to sy n th e tic  p igm ent sy stem , w ith  th e  ch lorophylls m ay  p rov ide  
such  in fo rm ation  as is n o t  y e t know n, b u t  w ill be of im portance  for a ligh t- 
eco logically-centered  ap p ro ach  to  co m m u n ity  pho to sy n th esis .

T he aim  of th e  ex am in a tio n s so fa r w as to  get in fo rm atio n  on th e  q u a n ti­
ta t iv e  and  q u a lita tiv e  cond itions of ch lo rophy lls and  caro teno ids in  th e  d om i­
n a n t  species of th e  v a rio u s  layers in  th e  fo rest. In  ad d itio n , we concerned 
ourselves w ith  th e  changes in  the  v e rtica l p ig m en t d is tr ib u tio n , th a t  is v e rtic a l 
p ig m en t s tru c tu re , in  re la tio n  to  th e  v e r tic a lly  chang ing  lig h t conditions in  
th e  m u lti-layered  co m m u n ity .

T he resu lts  of th e  hom ogeneity  ex am in a tio n s  of th e  hom eostasis on 
a su p ra in d iv id u a l level o f th e  p h o to sy n th e tic  p igm en ts of th e  forest com m u­
n i ty  are pub lished  in  a n o th e r  s tu d y  ( F e k e t e  — T u b a  1977).

Material and m ethods

T he “ S íkfokút P ro je c t”  m odel a rea  is an  a b o u t 70-year-o ld , hom ogeneous Quercetum  
petraeae-cerris co m m u n ity  o f sp ro u t origin. The u p p e r  canopy  consists o f Quercus petraeae (8 4 % ) 
an d  Quercus cerris (1 6 % ). T h e  sh ru b  layer se p a ra te s  in to  a n  above-1 m up p er sh rub  layer 
(Acer campestre, Acer ta taricum , Cornus mas, e tc .) , an d  an  under-1  m  lower sh rub  layer 
(L igustrum  vulgare, E u o n ym u s verrucosus, e tc .). T he d o m in a n t species of th e  herb  lay er are: 
Poa nemoralis, Melica un iflo ra , Carex montana, Carex M ichelii, Festuca heterophylla, D actylis
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po lygam a , e tc . The d e ta iled  ch arac te riza tio n  of th e  m odel area, and  o th e r  im p o rta n t d a ta  a re  
c o n ta in ed  in  J a k u c s ’s pap er (1973).

B o th  species were exam ined in  th e  u p p e r can o p y . The d o m in an t sh ru b  species s tu d ied  
in  th e  sum m er period  were: Acer campestre , A cer ta taricum , Cornus m a s , Cornus sanguinea , 
E u o n ym u s verrucosus, Ligustrum  vulgare , and  th e  inv estig a tio n  covered  th e  leaf a rea  o f all 
th e  ind iv id u a ls , i.e. 94%  of the  leaf area o f th e  to ta l  shrub . This coverage d ro p p ed  to 90%  in 
th e  a u tu m n , because th e  ex am inations in  t h a t  p e rio d  were ex tended  on ly  to  Acer campestre  
a n d  Cornus m as, w hich  have h igher coverage v a lu e s  am ong th e  tw o  Acer  and  tw o C ornus 
species. T he leaf a rea  values of the  th ree  d o m in a n t herbs exam ined —  Carex m ontana , M elica  
u n iflo ra , Poa nemoralis — am o u n t to  ab o u t 80%  o f th e  to ta l leaf a rea  o f th e  herb  layer. In  th e  
a u tu m n , sam ples were ta k e n  only from  tw o d o m in a n t herbs, since by  t h a t  tim e th e  Poa 
nem oralis w as no longer su itab le  for p ig m en t ex am in atio n s .

The m ethod  and frequency  of sam pling  w as p lanned  in such a w ay th a t  th e  re su lts  
sh o u d  rep resen t w ith  th e  g reatest possible o ccu racy  th e  species exam in ed , and , th ro u g h  th e  
species form ing th e  layers, th e  g iven levels. In  th e  sum m er, two specim ens of all th e  la y e r­
fo rm in g  d o m in an t species exam ined and  again  th re e  in  the  au tu m n , w ere chosen. Sam ple 
w ere ta k e n  from  th e  upp er, m iddle and low er p a r ts  of all the  sam ple  in d iv id u a ls , th u s  th e  
v a rio u s  layers were represen ted  by  th e ir  en tire  h e ig h t in  the  specim ens. A fu r th e r  v a r ia tio n  
in  sam pling  was m ade possible by  tak in g  sam ples fro m  w ithin the  v e r tic a l sm all lay e rs  (for 
ex am p le , th e  m iddle  canopy layer), a t  p a r ts  w hich  are  more exposed to  lig h t, or are  m ore 
sh a d e d  from  ligh t. In  th e  case of th e  herbaceous lay e rs , th e  upper, m iddle  and  lower v e rtica l 
m icro  levels rep resen t those p a r ts  o f th e  p la n t itself. On th e  basis of th e  v iew p o in ts  m en tio n ed  
ab o v e , we g a th e red  60 leaves per species in th e  su m m er, and 80 in the  a u tu m n , in  th e  m o rn in g  
h o u rs , and  th e  leaves were im m edia te ly  processed . F o r  the  pigm ent e x am in a tio n s , one disc 
p e r lea f  was ta k e n  w ith  a cork screw' o f 0.9 cm  d ia m e te r ;  th e  p igm ent ex am in a tio n s  to o k  p lace 
w ith  3 rep e titio n s in  sum m er, and  again w ith  4 re p e titio n s  in au tu m n , p e r species, fro m  20 
d isc pe r rep e titio n . T he disc was tak e n  on th e  b asis  o f th e  leaf-half m e th o d  ( M a r Ót i - S z a j k ó  
1972), and  for th a t  m a tte r  from  th e  m iddle p a r t  o f th e  leaf-half, since th e  d is tr ib u tio n  of th e  
p ig m en ts  changes in th e  d irection  from  th e  lea f b ase  tow ards th e  p eak . T h e  lea f ribs do no t 
c o n ta in  p igm en ts, therefo re  we w orked m ain ly  w ith  sym m etrical leaves so th a t  an  id en tica l 
q u a n ti ty  of lea f rib  could get in to  th e  in d iv id u a l sam ples. From  th e  non-d iscab le  h e rbaceous 
p la n ts  1 —1.5 cm leaf pieces, of an  area  ab o u t id en tica l w ith  th a t of th e  co rk  screw , w ere ta k e n .

T he fresh  and  dry  w eight of th e  discs an d  of th e  herbaceous leaf-p ieces w as m easu red . 
T h e  su rface  of th e  herbaceous leaf pieces was d e te rm in e d  by m eans of e lectro n ic  ligh t p lan im - 
e te r  ( C z e l l á r — P a p p , B .  1975). The e x tra c tio n  of p igm ents, and th e  se p a ra tio n  of th e  
v a rio u s  p igm en ts by  m eans of th in -lay er c h ro m a to g ra p h y , were carried  o u t  w ith  th e  m eth o d  
desc rib ed  by M a r ó t i  and  G a b n a i  (1971). T he p ig m e n t q u an tities re la te d  to  th e  m g/g d ry  
w e ig h t w ere calcu la ted  from  th e  ex tin c tio n s m easu red , on the basis of th e  e q u a tio n  described  
b y  H a g e r — M e y e r — B e r t e n r a t h  (1966). F u r th e r  calcu la tions were m ade  fro m  th e  q u a n tit ie s  
of th e  in d iv id u a l p ig m en t com ponents re la ted  to  1 g d ry  weight.

F ro m  th e  in te rp re ta tio n  of th e  lig h t c o n d itio n s and  the p ig m en ts as co m p lem en ta ry  
u n its  ( F e k e t e  1972) i t  follows th a t  the  q u a n ti ta t iv e  an d  q u a lita tiv e  co n d itio n s of the  p h o to ­
sy n th e tic  p ig m en ts are in close connexion w ith  th e  ligh t ecological con d itio n s. A t p re sen t 
w e h a v e  on ly  ra d ia tio n  exam in atio n  re su lts  a t  o u r  disposal from  th e  m odel area . H ow ever, 
th e y  are  essentially  analogous w ith  th e  v e rtica l d is tr ib u tio n  of light w ith in  th e  fo res t co m m u n ity . 
O n th e  basis of th e  ra d ia tio n  ex am in atio n s ( N a g y  1976), it can be s ta te d  t h a t  during  th e  m ain  
v e g e ta tio n  period , from  th e  com plete dev elo p m en t o f th e  foliage to its a u tu m n  d is in teg ra tio n , 
th e re  ex is ts  a w ell-expressed ra d ia tio n  s tru c tu re  w h ich  can be considered  as p e rm a n en t. 
A ccord ing ly , ra d ia tio n  in th is period is v e rtica lly  d is tr ib u te d  in such a w ay  th a t  the  g re a te s t 
q u a n ti ty  is received by  th e  canopy layer, while th e  sh ru b  and the  herb  lay e rs  hav e  considerab le  
q u a n tit ie s  of energy (F ig. 1). Indeed , iden tica l ra d ia tio n  conditions a re  ch ara c te ris tic  of th e  
sh ru b  a n d  th e  herb  layers, since in th e  fo rest th e  h e rb  lay e r is rich only w here  no sh rub  lay er, 
o r h a rd ly  any of can  be found ; and if  th ere  ex is ts  a sh ru b  layer, only a poor h e rb  layer grows 
u n d e r  th a t .  T hus, th e  ra d ia tio n  values m easured  a t  a  h e ig h t of 2 m, th a t  is in  th e  sh ru b  lay er, 
c an  be e x tra p o la ted  to th e  herb layer also. T he ex am in a tio n s , bo th  in su m m er an d  a u tu m n , 
to o k  place u n d e r th e  rad ia tio n  conditions of th e  fo re s t w hich had developed foliage.
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F ig . 1. M onthly  v a lu es o f th e  above-forest g lobal ra d ia tio n  a n d  o f th e  tran sfu sed  ra d ia tio n  
m easu red  a t  a h e ig h t o f 2 m  in th e  fo res t

Results an d  discussion

Vertical chlorophyll distribution  in  the forest

The ch lo rophy ll concen tra tion  values re la te d  to  th e  d ry  weight p er 1 g 
(Table 1), and  th e  ch lo rophy ll co n ten t v a lu es  ca lcu la ted  for 1 dm 2 area  show  
v ertic a l d is tr ib u tio n s  w hich are essen tia lly  d ifferen t in  n a tu re .

Table 1

Chlorophyll concentration in  the dom inant species o f  the various strata o f  forest

Species

Chlorophyll-a,
ragig

Chlorophyll-b,
ragig

Chlorophyll a -j- b ,
ragig

Summer A utum n Summer A utum n Summer A utum n

Canopy layer:

Quercus cerris 1.753 0.979 0.466 0.297 2.119 1.276

Quercus petraea 1.287 1.214 0.490 0.591 1.778 1.806
Shrub layer:

Acer campestre 2.479 — 0.945 — 3.424 —
Acer tataricum 3.355 0.621 1.038 0.624 4.393 1.245

Cornus mas 3.855 0.344 0.522 0.688 4.377 1.032
Cornus sanguinea 3.101 — 1.680 _ 4.781 —
E uonym us verrucosus 3.219 1.185 1.589 1.669 4.808 2.827

Ligustrum  vulgare 1.887 3.171 1.085 4.313 2.979 7.484

H erb  layer:

Carex montana 1.993 3.687 0.818 2.336 2.811 6.023
M elica uniflora 3.137 5.693 1.624 3.431 4.761 9.124

Poa nemorális 2.312 — 1.082 — 3.394 —
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In  sum m er, th e  following v e r tic a l d is tr ib u tio n  of the  ch lo rophy ll-a , 
ch lo rophy ll-h  and  to ta l  chlorophyll c o n c e n tra tio n s  of the various d o m in an t 
species w hich form  th e  layer can be s ta te d :  th e  low est co n cen tra tio n s are  to  
fo u n d  in  th e  canopy  layer, having th e  g re a te s t q u a n tity  of lig h t, w hile in  th e  
sh ru b  an d  herb layers, w hich receive o n ly  a b o u t one te n th  of the  lig h t q u a n ti ty  
fa lling  to  th e  canopy  layer, the c o n c e n tra tio n s  are essen tially  h igher (Figs 
2 a n d  3). The a u tu m n  resu lts also give a d is tr ib u tio n  corresponding to  th a t  
o f th e  sum m er period (Figs 2 and 3). I t  is only  th e  chlorophyll-a an d  to ta l

mg/g B
1. Q u e r c u s  c e r r i s

2. Q u e r c u s  p e t r a e a

3. A c e r  c a m p e s t r e  

U. A c e r  t a t a r i c u m

5. C o r n u s  m a s

6. C o r n u s  s a n g u ín e a

7. E u o n y m u s  v e r r u c o s u s

8 . L ig u s tr u m  v u lg a r e

9. C a r e x  m o n ta n a  

10. M é lic a  u n i f lo r a  

IT. P o a  n e m o r a l i s

F ig .w2. C hanges o f ch lorophyll-a(A ) and ch lo ro p h y ll-b (B ) concen tra tions in th e  d o m in a n t
species o f th e  v a rio u s  s tra ta

1. Q u e r c u s  c e r r i s

2. Q u e r c u s  p e t r a e a

3. A c e r  c a m p e s t r e  

U.  A c e r  t a t a r i c u m

5. C o r n u s  m a s

6. C o r n u s  s a n g u ín e a

7. E u o n y m u s  v e r r u c o s u s

8. L ig u s tr u m  v u l g a r e  

9  C a re x  m o n ta n a

10. M é lic a  u n if lo ra

11. P o a  n e m o r a l i s

f i s u m m e r

a u tu m n

Fig. 3. V alues o f to ta l  ch lorophy ll co n cen tra tio n  in  th e  v a rio u s s tra ta  of th e  S ík fő k ú t fo res t
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chlo rophy ll co n ten ts  of Acer tataricum  an d  Cornus mas th a t  show d ifferences; 
th e ir  va lues are  low er th a n  those m easu red  in  th e  canopy  of the  tw o tre e  species.

T he ch lo rophy ll co n cen tra tio n  va lu es  of Quercus cerris and  petraea  m ove 
w ith in  a v e ry  n a rro w  range. In  th e  sh ru b  lay e r, m ore ex trem e values also 
occur, w hich can  p rim a rily  he exp la ined  b y  th e  m ore ex trem e lig h t co n d itions 
of th is  layer. T hus, in  A cer tataricum  an d  Cornus m as, th e  au tu m n  ch lo rophy ll-a  
an d  th e  to ta l  ch lo rophy ll co n cen tra tio n  is v e ry  low. The au tu m n  ch lo rophy ll-b  
an d  to ta l  ch lo rophy ll co n cen tra tio n , w hich  is v e ry  salien t, in  L igustrum , is 
p ro b a b ly  a m an ife s ta tio n  of p igm en t reac tio n  based  on species ch a rac te ris tic s . 
T he ra th e r  w ide in te rv a l of th e  abso lu te  va lues of th e  chlorophyll c o n c e n tra ­
tio n  of th e  species in  th e  herb lay e r is ex p la in ab le  b y  th e  d ifferen t seasonal 
rh y th m  of these  herbs.

T here are  v e ry  few  au tho rs w ho h av e  rep o rted  a w ell-expressed v e r tic a l 
ch lorophyll d is tr ib u tio n  in  te rre s tr ia l com m unities. A ccording to  H . T. O d u m  — 

M c C o n n e l  and  A b b o t t  (1958), i t  is n o t possible to  speak  of a v e rtic a l ch lo ro ­
p h y ll s tru c tu re  considered  in general. T h e ir exam ina tions, how ever, to o k  p lace 
m a in ly  in  w a te r ecosystem s. In  a Rizophora  co m m u n ity , th e  q u a n tity  of ch lo ro ­
phy ll, expressed  in  g /m 2, was th e  h ighest in  th e  m iddle layer. I c h i m u r a  (1956) 
found  u p p erm o st in  a w ell-layered p la n k to n  co m m u n ity  such a lay e r t h a t  
ad a p te d  itse lf  to  a h igh  lig h t in te n s ity  an d  h ad  only  a sm all q u a n tity  of ch lo ro ­
p h y ll; below  th a t ,  such  p h y to p la n k to n  layers follow ed w hich co n ta ined  increas-

Table 2

Chlorophyll content values in  various forest strata

Species

Chlorophyll a, 
mg/dm2

Chlorophyll b, 
mg/dm2

Chlorophyll a -(- b, 
m g/dm 2

Summer A utum n Summer Autumn Summer A utum n

C anopy layer:

Quercus cerris 0.913 0.518 0.242 0.157 1.155 0.675

Quercus petraea 0.723 0.718 0.280 0.353 1.003 1.071
Shrub  layer:

Acer campestre 0.801 — 0.304 — 1.105 —
Acer tataricum 0.931 0.216 0.288 0.209 1.220 0.425

Cornus mas 0.886 0.104 0.120 0.160 1.006 0.204
Cornus sanguinea 0.896 — 0.487 — 1.383 —
E uonym us verrucosus 0.756 0.252 0.374 0.367 1.130 0.619

Ligustrum  vulgare 0.650 1.006 0.373 1.375 1.023 2.381

H erb  layer:

CareX montana 0.510 0.819 0.209 0.535 0.719 1.353

M elica uniflora 0.772 0.653 0.407 0.382 1.179 1.035

Poa nemoralis 0.669 0.314 — 0.983 —
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in g ly  m ore ch lorop h yll. T uck e r  and  Garr at t  (1976) m easured  th e  h ig h est  
ch lorop h yll con cen tra tion  - rem ark ab ly  d ifferent from  th ose o f the low er and  
u pp er layers — in  th e  m iddle, 12.5 — 25 cm  layer o f a b lue gram a ca n o p y  o f  
50 cm  h eigh t. A ccord ing  to  K u s n i r e n k o  (1958) th e  ch loroph yll co n ten t is 
higher even  in th e  low er layers o f  th e  can op y  o f  trees.

T he ex p erim en ta l results te s tify  th a t  th e re  exists in  m u lti-layered  fo re s t 
com m unities, a w ell-expressed ch lorophyll d is trib u tio n  of defin ite  ten d en cy . 
H ow ever, we are  ab le  to  po in t ou t th e  co n cen tra tio n  increase (vertica lly  d o w n ­
w ards) only in  re la tio n  to  w eights; i t  does n o t ap p ear in  re la tio n  to  le a f  a rea , 
since th e  effect of th e  ex p o n en tia lly  th in n in g  lig h t w hich is an a to m ica l in  
n a tu re  — on th e  grow ing of th in  shade  leaves — is s tro n g er th a n  th a t  on th e  
am p lifica tio n  of p ig m en t co n cen tra tio n , w hich is a k ind  of biochem ical effec t. 
T he in v estig a tio n s p rove  th e  sam e in  re la tio n  to  th e  caro teno ids, too.

T he ch lo rophy ll a /b  ra tio , b o th  in  sum m er and  a u tu m n , is the  h ig h est 
in th e  canopy  lay e r, in the  tw o oak  species; in  th e  sh rub  and  th e  herb layers 

w ith  th e  ex cep tion  of Cornus m as — it  is sm aller th a n  th a t  th ro u g h o u t 
(T able 3). The changes in  th e  a /b  ra tio  are b y  all p ro b ab ility  re la ted  to  th e  
sp ec tra l changes in  lig h t, besides th e  decrease in  ligh t in ten s ity . F o r in  a m u lti­
lay e red  co m m u n ity , th e  ligh t passing  th e  u p p e r layers becom es filte red  a n d  
un d erg o es sp ec tra l changes. The decrease in  ch lorophyll a/b  ra tio  in  th e  sh ru b  
an d  h e rb  layers m a y  be in connex ion  w ith  such spectra l changes in  lig h t, 
ta k in g  place d u rin g  its  in filtra tio n  th ro u g h  th e  canopy layer, w hich sh ir t th e

Table 3
Pigm ent ratios in  the vertical strata o f  forest

Species
Chlorophyll a/b ratio

Chlorophyll/carotenoid
ratio

Sum m er A utum n Summer A utum n

Canopy layer:

Quercus cerris 3.763 3.297 2.022 2.140

Quercus petraea 2.625 2.054 1.311 2.144

Shrub  layer:

Acer campestre 2.623 — 1.318 —
Acer tataricum 3.233 0.996 1.643 0.874

Cornus mas 7.836 0.500 1.263 0.820

Cornus sanguinea 1.847 — 1.654 -
E uonym us verrucosus 2.026 0.694 1.708 1.182

Ligustrum  vulgare 1.740 0.735 1.460 4.657

H erb  layer:

Carex montana 2.437 1.579 1.327 1.672

M elica uniflora 1.932 1.660 2.430 1.644

Poa nemoralis 2.137 — 2.426 —
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sp ec tra l com position  o f th e  in f iltra tin g  l ig h t ra th e r  to w ard s th e  ab so rp tio n  
m ax im u m  of c h lo ro p h y ll-b . This su p p o sitio n  seems to  he su p p o rted  b y  th e  
changes iden tical in  n a tu re  which tak e  p lace  in th e  a/b ra tio s  of sh rub  and  herb  
species ex isting  u n d e r id en tica l light co n d itio n s.

A rem ark ab le  difference occurs, how ever, also am ong th e  chlorophyll a/b  
ra tio s  of th e  v a rio u s seasons (Table 3) in  a w ay  th a t  th e  a u tu m n  ra tio s  are 
sm aller in  all th e  lay ers . P ro b ab ly , in  th e se  ra tio  changes, th e  reg u la r sp ec tra l 
changes of lig h t ra d ia tio n  are expressed. T h is supposition  is based  also on th e  
sm aller values of a u tu m n  a/b ratios, in  com parison  w ith  the  sum m er values 
in  Quercus cerris an d  petraea. In  th e  s tro n g e r decrease in  th e  a u tu m n  a/b  ra tio  
experienced  also in  th e  p resen t in v estig a tio n s, besides th e  au tu m n  lig h t in te n s ity  
again  th e  difference b e tw een  the a u tu m n  an d  sum m er sp ec tra l lig h ts , decrease 
m ay  p lay  a p a r t .

The vertical and seasonal d istribu tion  conditions o f  carotenoids

B y th e  e x am in a tio n s  carried o u t so fa r  we w ished assess th e  q u a n tita tiv e  
and  q u a lita tiv e  d is tr ib u tio n  w ith in  a fo re s t co m m u n ity  of th e  caro teno ids.

In  th e  course o f ru n n in g  a set o f sam ples th ro u g h  th in -lay e r ch ro m ato g ­
ra p h y , th e  follow ing caro teno ids becam e se p a ra te d : ca ro ten e  (a and  ß  caro tene  
to g e th e r), lu te in  an d  a n th e ra x a n th in  to g e th e r , v io lax an th in . n eo x an th in .

Table 4

Carotenoid concentration in  the dom inan t species o f  various forest strata

Species
Carotene,

mg/g

L u te in  +  
A ntheraxanth in , 

m g/g

Violaxanthin,
mg/g

N eoxanthin,
m g/g

Summer Autumn Sum m er A utum n Summer Autumn Summer A utum n

Canopy layer:

Quercus cerris 0.252 0.210 0.212 0.274 0.490 0.049 0.143 0.063

Quercus petraea 0.257 0.241 0.196 0.319 0.639 0.161 0.160 0.121

Shrub layer:

Acer campestre 1.225 — 0.361 — 0.822 — 0.189 -

Acer tataricum 1.280 0.468 0.563 0.479 0.662 0.234 0.118 0.243

Cornus mas 1.335 0.325 0.576 0.560 0.990 0.228 0.564 0.145

Cornus sanguinea 0.462 — 0.738 — 1.411 — 0.279 —
E uonym us verrucosus 0.625 0.684 0.937 0.887 0.933 0.396 0.319 0.424

Ligustrum  vulgare 0.416 0.224 0.500 0.563 0.879 0.550 0.240 0.270

H erb  layer:

Carex montana 1.003 0.964 0.419 1.245 0.486 0.834 0.200 0.558

M elica uniflora 1.257 1.545 0.162 2.176 0.229 0.852 0.311 0.975

Poa nemoralis 0.441 — 0.002 0.732 — 0.224 —
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The v e rtic a l d is tr ib u tio n  o f th e  various co m p o n en ts  (T able 4) is such  
th a t  th e  co n cen tra tio n  values of all th e  exam ined  species in  th e  shrub and  th e  
herb  layers — w ith  th e  excep tion  of th e  a u tu m n  caro ten e  o f  L igustrum  vulgare 
and  the  sum m er lu te in  and  v io lax an th io n  of M elica un iflo ra  — are h igher 
th a n  those in  tre e  species w ith  foliage. The to ta l  ca ro ten e  c o n cen tra tio n  shows 
such a defin ite , v e r tic a l caro ten o id  d is trib u tio n  (F ig. 4), b o th  in  sum m er an d  
a u tu m n , in  w hich  th e  Quercus cerris and  petraea  va lues a re  essentially  low er

1. Q u e r c u s  c e r r is

2. Q u e r c u s  p e t r a e a

3. A c e r c a m p e s t r e  

U. A c e r  t a ta r ic u m

5. C o r n u s  m a s

6. C o r n u s  s a n g u in e a

7. E u o n y m u s  v e r r u c o s u s

8. L ig u s tr u m  v u l g a r e

9. C a re x  m o n ta n a

10. M e lic a  u n if lo ra

11. P o a  n e m o r a li s

th a n  those in  all th e  sh rub  an d  th e  herb  layers ex am ined . In  th e  caro tenoid  
q u an titie s  ca lcu la ted  for dm 2 areas, th e  ch a rac te ris tic , v e r tic a l d istrib u tio n , 
occuring in the  co n cen tra tio n s , c an n o t be found , n o t even  in  tendency , w hich 
is due to  th e  causes described  in  th e  section on ch lo rophy lls .

The ch lo rophy ll/ca ro teno id  ra tio  occuring in  com m u n ities  is considered 
b y  E. P . O d u m  (1959, 1971) as a usefu l index  of f lu c tu a tio n , tak in g  place in 
th e  life energy of th e  p rim ary  tro p h ic a l layer. F o r ex am p le , in  algal cu ltu res, 
th e  ra tio  w hich is a b o u t 3 drops to  1 by  aging. In  n a tu ra l  com m unities, th e  
expression of re sp ira tio n  losses b y  caro teno ids is possible.

The ch lo rophy ll/ca ro teno id  ra tio s  (Table 3) in  su m m er m ove betw een
1.3 and  2.4 as reg a rd s  all th e  th ree  layers. In  a u tu m n , i t  is th e  h ighest in th e  
canopy  layers: 2.140 an d  2.144. In  th e  shrub  and  th e  h e rb  la y e r  sm aller values 
th a n  these are to  be  found th ro u g h o u t (betw een 0.8 an d  1.7), w ith  the excep­
tio n  of L igustrum , w here th e  a u tu m n  to ta l  ch lo rophy ll, w h ich  is very  h igh,
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Table 5

Carotenoid values in  the various strata o f  fo rest

Species

Carotene,
mg/dm2

Lutein +  
A ntheraxanthin, 

m g/dm 2

V iolaxanthin, 
m g/dm 2

Neoxanthin,
mg/dm2

Sum m er A utum n Sum m er Autumn Summer A utum n Summer Autumn

C anopy layer:

Quercus cerris 0.131 0.111 0.112 0.144 0.262 0.026 0.075 0.033
Quercus petraea 0.145 0.143 0.168 0.189 0.345 0.094 0.090 0.072

S h rub  layer:

Acer campestre 0.394 — 0.118 — 0.266 — 0.061 —
A cer tataricum 0.357 0.156 0.156 0.156 0.185 0.078 0.047 0.022

Cornus mas 0.309 0.076 0.133 0.131 0.229 0.054 0.132 0.035
Cornus sanguinea 0.132 — 0.215 — 0.432 — 0.081 —
E uonym us verrucosus 0.150 0.150 0.222 0.196 0.211 0.087 0.075 0.094
Ligustrum  vulgare 0.143 0.071 0.172 0.175 0.315 0.176 0.083 0.084

H erb  layer:

Carex montana 0.257 0.230 0.109 0.297 0.127 0.203 0.051 0.136
M elica uniflora 0.314 0.172 0.037 0.244 0.066 0.096 0.077 0.109
Poa nemoralis 0.131 — 0.001 — 0.215 — 0.065 —

causes th e  ra tio  w hich  is above 4. O n th e  basis of all th e se , i t  seems th a t  the  
decrease in th e  ch lo ro p h y ll/ca ro ten o id  ra tio  ind icates n o t  o n ly  th e  aging of 
th e  com m unities b u t  also  th a t  i t  decreases even w ith in  th e  v e g e ta tio n  period 

tow ards th e  end  o f  th a t  — an d  also during th e  a u tu m n  physiological 
d eg rad a tio n , w hich in  the  case o f  fo rest associations — begins its  course 
f i r s t  in  the  lower lay e rs .

The total p igm ent contents o f the m ain  
producing  layers o f  the forest association

The to ta l p ig m en t co n ten ts  of th e  m ain  producing la y e rs  w ere calcu lated  
fro m  th e  basic d a ta . T h e  values exp ressed  in kg /leaf a rea  re p re se n t th e  to ta l 
p ig m e n t q u a n tity  c o n ta in e d  b y  th e  to ta l  leaf area. T h e ir  ca lcu la tion  took 
p lace  in  the  follow ing w ay : th e  le a f  a rea  of the  species ex am in ed  is given 
( J a k u c s  — H o r v á t h  — K á r á s z  1975). T h e  to ta l lea f a rea  in  a given layer 
is know n b y  m eans o f  th e  species c o n s titu tin g  the  lay e r. In  th e  ind iv idual 
species, the  p ig m en t q u a n t i ty  to  be  fo u n d  in the  to ta l  le a f  a rea  falling  to  
1 h a  s tan d  area w as ca lcu la ted , an d  g iven  in  kg, from  th e  m g/dm 2 p igm ent 
v a lu es , b y  m u ltip ly in g  th e  lea f a rea  values falling to  1 h a  b y  th e  lea f area 
v a lu es  of th e  species. T h e  value th u s  o b ta in ed  represen ts p ig m e n t kg /leaf area.
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In  the  shrub  a n d  th e  herb la y e r , w here only th e  d o m in a n t species were 
ex am in ed , the  p ig m en t con ten ts o f th e  “ rem ainder”  le a f  a rea , a fte r th e  re d u c ­
tio n  of to ta l lea f a re a  of th e  species exam ined  b y  th e  to ta l  lea f area  of th e  
g iven  layer, were ca lcu la ted  from  th e  p ig m en t values re la te d  to  a u n it of area, 
expressed  in dm 2 ( F e k e t e —T u b a  1977). In  the  sh rub  la y e r, th e  “ rem ain d er”

7 -

6 -

5 -

4 -

3

2 -

A

c a n o p y  l a y e r  

s h r u b  l a y e r  

h e r b  l a y e r

s u m m e r  a u t u m n

Fig. 5. T o ta l ch lorophyll c o n te n t (A), to ta l  ca ro ten o id  co n ten t (B ), a n d  to ta l  p ig m en t c o n ten t 
(C) o f th e  various s t r a ta  o f th e  fo rest of S ík fő k ú t

le a f  a rea  am ounted  to  a ltoge ther 6 %  in  sum m er, an d  10%  in a u tu m n , of 
th e  to ta l  sh rub-layer-leaf-area , an d  ag a in  in  th e  herb  la y e r  to  a b o u t 20% . 
In  th e  canopy layer, b o th  of the  tre e  species were exam ined .

F rom  a g rap h ica l com parison be tw een  the su m m er an d  a u tu m n  to ta l  
q u a n titie s  of to ta l  p ig m en t, ch lo ro p h y ll and caro teno id  in  th e  in d iv id u a l 
lay e rs  (Fig. 5), i t  is c lea r th a t  th e  c a n o p y  layer has m u ch  g rea te r  q u a n titie s  
of p ig m en t th a n  th e  o th e r tw o la y e rs . I t  is only in  th e  case of caro teno ids 
t h a t  th e  difference in  th e  q u a n tity  is sm aller in  th is  re sp e c t (F ig. 5, B). The

Acta Botanica Academiae Scientiaruvi Hungaricae 23, 1977



424 TUBA, Z.

h ig h e r to ta l p igm en t v a lu es  of th e  sh ruh  lay er in su m m er d ro p  below those 
o f th e  herb layer in  a u tu m n . A ccording to  S in g h  an d  B il lo r e  (1975), th e  
p ig m e n t conten t of p la n t  s tan d s  is d irec tly  p ro p o rtio n a l to  th e  energy  con ten ts. 
I t  seem s th a t, in th e  m u lti-lay e red  co m m u n ity , th e  p ig m en t co n ten ts of th e  
v a rio u s  layers m ay  also  h a v e  a p ro p o rtio n a l re la tio n  w ith  th e ir  energy  con ten ts.

Sum m ary

On the basis o f th e  re su lts  o b ta in ed  from  th e  p ig m en t ex am in a tio n s in to  
th e  Quercetum petraeae-cerris fo rest of S ík főkú t, a v e r tic a l chlorophyll and  
ca ro ten o id  co n cen tra tio n  d is tr ib u tio n  w ith  defin ite  te n d e n c y  can be s ta ted , 
b o th  in  sum m er a n d  a u tu m n . I t  is ch a rac te ris tic  of th is , t h a t  in  th e  canopy 
la y e r, which has th e  g re a te s t q u a n ti ty  of lig h t, th e  p ig m e n t concen tra tion  
v a lu es  are low, w hile in  th e  sh ru b  an d  herb  layers, w hich  e x is t in  essen tially  
w eak er light co n d itio n s, d e fin ite ly  h igher p igm en t c o n c e n tra tio n  values can 
be m easured in a ll th e  cases. No essen tia l co n cen tra tio n  differences occur 
b e tw een  the shrub  la y e r  and  th e  herb  layer, w hich can  be ex p la ined  f irs t of 
all b y  the nearly  id en tica l ligh t conditions in these  lay ers . This pigm ent 
d is tr ib u tio n  is in a close co rre la tio n  w ith  th e  v e rtic a l lig h t d is tr ib u tio n  of the  
coenoses, which, on th e  o th e r  h an d , depends on th e  n u m b er of layers in th e  cenosis.

Thus, it  is c h a ra c te r is tic  of th e  v e rtic a l p ig m en t s tru c tu re  of the  fo rest 
associa tion  th a t  in  th e  low er layers of th e  coenosis, in  connec tion  w ith  th e  
dow nw ard  vertica l decrease in  th e  lig h t q u a n tity , d e fin ite ly  h ig h er chlorophyll 
a n d  carotenoid c o n c e n tra tio n  values occur. Owing to  th e  s tro n g  effect on 
th e  shaded  leaf p ro d u c tio n  of th e  dow nw ard  decreasing lig h t, th e  above v ertica l 
p ig m en t d is trib u tio n  do n o t a p p ea r in  re la tio n  to  lea f area .

The decrease in  th e  ch lo rophy ll a /b  ra tio  in th e  sh ru b  la y e r  and  the herb 
la y e r , in com parison w ith  th e  canopy  layer, m ay  be in  co nnec ted  w ith  th e  
sp e c tra l changes w hich  ta k e  p lace while th e  lig h t in f il tra te s  th ro u g h  the  
u p p e r  layer.

Considering th e  to ta l  p ig m en t co n ten ts  of th e  m a in  p roducing  layers, 
expressed  in k g /lea f a rea , th e re  is a lm ost one o rder g rea te r q u a n t i ty  of p igm ent 
localized  in the  c a n o p y  lay e r th a n  is in  th e  tw o low er lay e rs . In  sum m er, the  
v a lu es  of the sh ru b  la y e r  are h igher, in  a u tu m n  those  o f th e  herb  layer, in 
a w a y  th a t  in a u tu m n  th e  v alue  of th e  sh rub  lay e r decreases below th a t  of 
th e  au tu m n  herb la y e r  w hich  is a b o u t id en tica l a t th e  tim e  w ith  the  sum ­
m er value.
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A natom ical fea tu res  of th e  secondary  xy lem  of these tw o endem ic C uban  trees  
a re  described . Some m orphological an d  ecological d a ta  are also given.

M aterial and  M ethods

W ood sam ples of m a tu re  tru n k s  of b o th  species w ere collected. The t ru n k  of M agnolia  
cubensis U rb . ssp. cubensis was collected in  th e  range  of th e  P eak  M arti in  th e  S ierra  M aestra, 
p rov ince  O rien te , while th e  tru n k  of Bombacopsis cubensis was o b ta ined  on th e  ro a d  to  R o ncali’s 
p h aro s, on  th e  Pén insu le  of G uanahacab ibes, p rov ince  P in a r  del Rio (Table 1).

B locks o f w ood were a sp ira ted  u n d e r v acu u m  a t  room  tem p e ra tu re  till s a tu ra tio n , 
and  so ftened  in  a J  B rinzer au to c lav e  in  a so lu tion  of 50%  glycerine in  w ater.

Table 1

Wood collections and herbarium  vouchers

Species and A uthority Collectors and date
D iam eter of 

the wood 
sample

Place of collection
Location of 

herbarium  vouchers

Bombacopsis cuben­
sis A. R obyns

M. Y a l e s  and A. 
B o r h i d i , Dec. 9, 
1974

10.0 cm Péninsule of G ua­
nahacabibes P ro ­
vince P in a r del 
Rio

H erb ariu m  of the  
A cadem y of 
Sciences, C uba

M agnolia cubensis 
U rb . ssp. cubensis

M. V a l e s  and A. 
B o b h i d i . Ja n . 
10, 1976

8.5 cm Sierra M aestra 
Province Oriente

H erb ariu m  of the 
A cadem y of 
Sciences, Cuba
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F o r th e  an a to m ic a l research , sections w ere o b ta in e d  to  a  th ickness o f 12— 15 ц , d iffe ren ­
t ia te d  in  50%  alcohol, s ta in e d  in 3%  T oluid in  B lue, d e h y d ra te d , cleared and  m o u n ted  in  C anada 
B alsam .

Sm all pieces o f th ese  woods were m ac era ted  b y  F ranklin’s M ethod (1945) in  o rder 
to  realize  cellular s tu d ies , as for exam ple  th e  len g th  o f th e  fibers and  vessel e lem en ts . One 
h u n d re d  m easu rem en ts  w ere m ade for th e  f ib e rs  len g th , w hile for th e  o th e r fe a tu re s  only 
f if ty  w ere tak en .

G eneral descrip tion

Bombacopsis cubensis A. R obyns

L ittle  to  h igh  tree s  u p  to  25 30 m  in  h e ig h t, w ith  th ick , g enera lly -shaped
tru n k s  (Fig. 1). C ortex  green an d  sm oo th , leaves pa lm ate , lea fle ts  5 — 9, 
p e tio lu la te , 4 — 8 cm  long, obovate-ob long , em arg in a te , cunea te  a t  base. 
F low ers rose or pa le  p u rp le , calyx  coriaceous, 3-lobed, tom en tose  ex te rio rly  
(F ig . 2). S tam ens sh o rte r  th a n  corolla of 5 p e ta ls ; f ilam en ts  p u rp le . Capsule 
o v a te , 5 6 cm  long , brow nish-yellow ; seeds 6 - 7  m m  long.

The species is endem ic to  W est-C uba an d  v e ry  com m on on th e  p e rp en d ic ­
u la r  slopes of th e  “ h a y s ta c k -m o u n ta in s” (“ m ogotes” ), w here i t  is fo rm ing  
v e ry  in te re s tin g  ro c k y  w oodlands, assoc ia ted  w ith  endem ic palm s, e.g. Gaussia  
princeps  and  T h rin a x  m orrisii, an d  w ith  m an y  o th e r  endem ic species. These 
associations w ere s tu d ie d  b y  A. B o r h id i , w ho designated  th em  as Bomba- 
copsi-G aussietum  a n d  Bom bacopsi-Thrinacetum  m orrisii. A n u m b e r of 
exam ples of th is  species can be found  also on th e  coasta l lim estone d o g too th - 
a reas of th e  G uanah acab ib es-P en in su le , as g ia n t em ergen t trees of th e  semi- 
deciduous Bom bacopsis-C atalpa-D iospyrus  fo rests.

M agnolia cubensis U rb . ssp. cubensis

L arge trees u p  to  25 m in h e ig h t; th e y  a re  im p o rta n t elem ents o f th e  
u p p e r canopy  in  th e  m o n tan e  ra in  fo rests  of th e  S ierra  M aestra-R ange, fo rm ­
ing  a M agnolia-Laplacea-M yrsine  zone betw een  800 an d  1700 m a. s. 1. The 
species is endem ic to  C uba and  div ides in to  2 v ic a r ia n t subspecies: ssp. cubensis 
is endem ic to  th e  S ie rra  M aestra-R ange (P rov ince  O riente), while ssp. acunae 
Im ch . is endem ic to  th e  E scam b ray  M o un ta ins (P rovince Las V illas). Ssp. 
cubensis has a g ra y  a n d  sm ooth  co rtex , leaves ellip tic , 6 —9 cm  long  and  
2 .5—4 cm w ide, base  ob tuse, apex  sh o rtly  acu m in a te  and  ob tuse , pe tio le
1 — 2 cm long. P ed u n c le  th in , 1 — 2 cm  long an d  1 1.5 m m  th ick ; b ra c ts  to
2 cm  long. Sepals 1 .3 — 1.6 cm, p e ta ls  1 —1.3 cm  long. S tam ens linear, a n th e rs
3 m m  long, w ith  a cap illa r append ix  up  to  3 m m  len g th . G ynoeceum  g labrous,
consisting  of 8 carpels , sty les erect, or sh o rtly  recu rv ed , 1 2 m m  long.
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W ood anatom y

B o m b a c o p s i s  cu ben s is  A. R obyns

G row th-rings a b se n t, w ood diffuse porous. Pores oval, scarce , ab o u t 
3 p e r sq. m m , p re d o m in a n tly  so lita ry , ra re ly  in  groups of 2 or 3 (F ig . 3).

L en g th  of vessel m em bers 218.0 421.0 598.0 p .  M .F .R . 280 -5 1 9  p .

S m all to  m odera te ly  sm all in  size. T a n g e n tia l d iam ete r 7 4 — 116— 162 fi, rad ia l 
d ia m e te r  102.3 149.0 190.6 p .  Cell wall 1.8 2.7 p  th ic k . In te rv a sc u la r
p it t in g  bordered  w ith  a lte rn a te  to  opposite  d is trib u tio n  an d  po lygonal in  form . 
T ran sv ersa l and lo n g itu d in a l d iam ete rs  o f th e  borders 7.2 —10.8 p  an d  5.4 9.0
p , respective ly . P it  a p e r tu re  sm o o th  w ith  a tran sv e rsa l d iam ete r o f 7.4 - 9  p  

an d  a long itud inal d iam e te r  o f 1.4 — 2.0 p .  Sim ple p e rfo ra tio n  p la te  (Figs 4, 7, 8).
M edullary  rays. -  F le terogeneous, m odera te ly  fine to  m ed ium  size of 

1 5 cells m ostly  1 3, to  23.2 55.2- 102.3 p  in w id th . H eig h t, expressed
in n u m b e r of cells, 1 — 60 to  213 — 3550 in m icrons. U p rig h t cells a t  th e  m argin  
of m ed u lla ry  rays, ra d ia l  size 42.6 60 .7—78.1 p ,  th e ir  h e ig h t 50.8 — 74.9 —
110.0 p .  P rocum ben t cells 10.8 26.1 41.4 p  in h e ig h t, 9 26.1 45.0 p  in
ta n g e n tia l  d iam eter, a n d  53.2 — 110 .4—152.6 p  in rad ia l size. P it t in g  w ith  
vessel m em bers h a lf  b o rd e re d , of th e  sam e size (Figs 5, 6),

F ibers. — P o lygonal in  shape , d is tr ib u tio n  tan g e n tia l, lines of 1 -3  cells, 
or irreg u la r. L eng th  o f th e  lih rifo rm  fibers 1281 — 1866.6 — 2623 p ,  M .F .R . 
1576- 2325 p .  Mean d ia m e te r  10.8 26.2 41.4 p .  Thickness of cell w all 4.5
8.1 p .  Sim ple p its  w ith  slit-like  ap e rtu re .

W ood paren ch y m a. — Tw o d ifferen t typ es of cells form  th is  tissue: 
a rin g  of fla tten ed  cells a ro u n d  th e  vessels (referred b y  o th e r au th o rs  as co n tac t 
cells), an d  an ap o trach ea l p a re n c h y m a  w hich co n stitu tes  th e  g ro u n d  m ass 
of th e  w ood, form ed b y  ro u n d ish  to  irregu la r cells. D is tr ib u te d  in  h an d s or 
lines of 1 2 cells be tw een  th e  fibers. M ean d iam ete r 16.2 — 55.9 — 131.4 p .

S tra n d s  of 2 — 8 cells, h e ig h t o f s tra n d  p a ren ch y m a cells 88.7- 128.7 159.9 p .

Cell w all 0.8 2.0 p  th ick .

M a g n o l ia  cu ben s is  U rb. ssp. cu ben sis

W ood diffuse porous, g ro w th  rings p resen t, fo rm ed b y  a line of te rm in a l 
p a re n c h y m a . Pores m o d e ra te ly  n um erous, round ish  to  oval; so lita ry  an d  in 
sh o rt ra d ia l m ultip les (F ig . 9).

V essel m em bers v e ry  sm all to  sm all, tan g en tia l d iam e te r 3 5 ,5 —74.9 
99.4 p ,  rad ia l d iam eter 4 9 .7 —9 3 .3 —124.2 p .  L eng ths of vessel m em bers 
494 .5— 839.5- 1587 p .  M .F .R . 6 3 2 .5 -1 0 8 1 .0  p .  Cell w all 1.8 3.6 p  th ick . 
In te rv a sc u la r  p ittin g  sca la rifo rm , tran sv e rsa l and  lo n g itu d in a l d iam eters  of 
b o rd e rs  6.9 — 69 p  and  4.6 — 6.9 p ,  respective ly ; tran sv e rsa l and  lo n g itu d in a l 
d ia m e te r  o f p it ap ertu re  4 .6  —64.4 p  an d  1.15 — 2.3 p ,  respective ly . Scalariform  
p e rfo ra tio n  p la te  w ith  4 — 15 b ars  (Figs 10, 13).
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Fig. 3. Bombacopsis cubensis A. R obyns. Cross section  120 X . 
Vessel w ith in . Fung i, wood paren ch y m a, m edullary  ray s  and  fibers

Fig. 4. Bombacopsis cubensis A. R obyns. T an g en tia l section  120 X . 
Vessel e lem ents, m edullary  ray s, fibers an d  s tra n d s  of p a ren ch y m a
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F ig . 5. Bombacopsis cubensis A. R obyns. R ad ia l section 120 X.  P ro c u m b e n t cells of th e  m edu l­
lary  rays

F ig . 6. Bombacopsis cubensis A. R o b y n s. R ad ia l section 120 X . S q u are  and  u p rig h t cells of
th e  m edullary  rays
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1977 Fig. 7. Bombacopsis cubensis A. R obyns. T an g en tia l section 
300 X . In te rv a sc u la r  p ittin g . Vessel e lem en ts w ith  fungi. (M ark:-»-)

Fig. 8. Bombacopsis cubensis A. R obyns. T an g en tia l sec tion  600 X . 
Polygonal in te rv ascu la r p ittin g  w ith a lte rn a te  a rran g em en t
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Fig. 9. M agnolia cubensis U rb . ssp. cubensis. Cross section 120 X . 
Pores oval, m ed u llary  ray s, fibers w ith  wide lum en and te rm in al 

wood p arenchym a

Fig. 10. M agnolia cubensis U rb . ssp. cubensis. T an g en tia l section  
1 2 0 x .  Vessel e lem ents, s tra n d s  o f p a renchym a and  m edullary  rays
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M edullary ray s  form ed of p ro cu m b en t an d  u p rig h t cells

Fig. 12. M agnolia cubensis U rb . ssp. cubensis. R ad ia l section  300 X. 
M edullary ray  w ith  oil cells
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F ig. 13. M agnolia cubensis TJrb. ssp. cubensis. 600 X . S calarifo rm  in te rv ascu la r p i tt in g  to
opposite

M edullary  ray s. — H eterogeneous, m o d e ra te ly  fine to  m edium  size. U ni 
to  tr ise ria te , 31 .9- 60.3 /t in w idth . H e ig h t by  2 — 24 cells, or 140.8 - 374.8
721.6 )jl. P ro cu m b en t cells 21.3- 3 4 .7 - 49.7 /j in  h e ig h t, tan g en tia l d iam ete r
10.6 19.8 28.4 /л, ra d ia l size 49.7 108.9 -191.7  fx. U p rig h t cells 53.2 89.8
142.0 fi in he igh t, ra d ia l size 2 8 .4 - 46.8 81.6 //. T hickness of cell wall 1.8
3.6 p . Oil cells v e ry  d is tin c t in tan g en tia l an d  rad ia l sections (Figs 11, 12).

F ibers. - R a d ia l d is trib u tio n  irreg u la r  in form . F iber-trach e id s  976 
1 6 1 0 .4 —2196 jj. in len g th , M .F.R . 1220— 1891 ц. M ean d iam eter 14.4- 20.7 - 
32.4 f i . T hickness of w all 3.6—6.8 — 8.1 /и. R o rd ered  p its  w ith  slit-like ap e rtu re .

W ood p a ren ch y m a . — T ypically  te rm in a l, fo rm ed  b y  a line of 2 8
rows of cells. S tra n d  p arenchym a 2 — 8 cells. M iddle d iam eter 10.8 19.2 —
34.2 fx. H eigh t of cello 67.4 143.4 -287 .5  p . Cell wall 1.4—3.5 p th ick .
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Table 2

M a in  fea tures o f  the two species. (V a lues expressed in  m icrons)

Wood element Automatical features B om bacopsis cu b en sis  
A . Robyns

M a g n o lia  cubensis Urb. 
ssp. cubensis

A rrangem ent Diffuse Diffuse
V essel T angen tia l d iam eter 74.0— 162.0 p 35.5— 99.4 p

elem ent R ad ia l d iam eter 102.3—190.6 p 49.7— 124.2 p

T ota l leng th 218.0— 598.0 p 494.5— 1578 p

Thickness of the  wall 
T ype of in te rvascu lar

1.8— 2.7 p 1.8— 3.6 p

p ittin g bordered, polygonal, 
a lte rna te

scalariform  bordered

P erfo ration  p late simple scalariform

M edullary
C lassification 
W id th  in  num ber of

Heterogeneous H eterogeneous

R ays cells 1— 5 cells 1— 3 cells
H eigh t 213.0—3350.0 p 140.8— 721.6 p

W id th 23.2— 102.3 p 31.9— 60.3 p

O ther — Oil cells

A rrangem ent T angential or irregu lar R ad ia l
Fibers D iam eter 10.8—41.4 p 14.4— 32.4 p

T o ta l length 1281.0— 2623.0 p 976.0— 2196.0 p

T hickness of the  wall 4.5— 8.1 p 3.6— 8.1 p

T ype of p its simple bo rd ered

A rrangem ent A potracheal and  co n tac t 
parenchym a cells

T erm inal

W ood D iam eter 16.2— 131.4 p 10.8— 34.2 p

Parenchym a S tran d s form ed by : 2—8 cells 2—8 cells
H e igh t of cells 88.7— 159.7 p 67.4— 287.5 p
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A. L ő v e  and  D. L o v e : C ytotaxonom ical A tlas o f th e  A rctic  F lo ra . V aduz, C r a m e r  1975, 598 p p . 
A. L ő v e , D. L ő v e  a n d  R . E . G . P i c h i  S e r m o l l i : C yto taxonom ical A tlas of th e  P te r id o p h y ta . 
V aduz, C r a m e r  1977, pp . 398.

T he second a n d  th e  th ird  volumes of th e  cy to tax o n o m ica l A tlases, launched  by  th e  L o v e s , 
have  also been pu b lish ed , and  even in  a m ore  sa tis fac to ry  lay o u t th a n  was th e  case w ith  
th e  f irs t  volum e. (Cf. m y  review  in A cta B ot. A cad . Sei. H ung. 21: 452, 1975; th ere  was given 
a w rong nu m b er th e re , i t  should be 1241 p p .) O ne of th e  tw o new  volum es discusses a ro u n d  
1900 ta x a  of th e  A rc tic  F lo ra , by  giving th e ir  d is tr ib u tio n , th e  chrom osom e num bers w hich are  
certa in , and  also th e  com plete  b ibliography re fe rrin g  to th em , and  n o t only in resp ec t to  th e  
specim ens of A rctic  origins. I t  is the  very  fa c t  t h a t  th e  L o v e s  know  th e  lite ra tu re  p e rfec tly  
well th a t  m akes th e ir  books to  be of very g re a t v a lue , a lthough  they  om it also here th e  n u m b ers  
w hich do no t f i t  in to  th e  p ic tu re  created  by  th e m ; on th e  o th er h an d , the  division of th e  genera  
and  species is som etim es exaggerated . I shou ld  n o t be able to  ev a lu a te  th e  d ifferen t cy to ty p e s  
w ith in  one agg. a lw ays as separate  species. T he n o m enclatu re  is abso lu te ly  up -to -d a te , th e  n am e 
Pseudorchis, w hich h as been  renewed by th e  L o v e s , is no t correct, Leucorchis will have  to s ta y . 
T he rep ro d u c tio n  of th e  w orks is m uch m ore successful an d  com prehensib le th a n  th a t  in  th e  
f irs t  vo lum e; th e  c lum sy  code num bers have  been  le ft out.

F o r us H u n g a rian s , the  cy to taxonom ica l su rv ey  of Pteridophyta  is especially sign ifican t. 
P i c h i  S e r m o l l i , w ho is renow ned in th is to p ic , w as his co llabora to r in com piling the  su rv ey . 
T he se p a ra tio n  of Ceterach (and o ther genera), an d  th e  tre a tm e n t of the  cy to tax o n o m ica lly  
d ifferen t, a lth o u g h  m orphologically  h a rd ly  se p a ra tin g  m icrospecies as species, rev ives th e  
Ceterach javorkaeanum . I t  is u n fo rtu n ate  th a t ,  in  sp ite  of th e  opinion of th e  H u ngarian  a u th o rs , 
Ä sp len u m  serpentin i is n o t d ifferentia ted  fro m  A . cuneifolum  (as a subspecies, a t  least); in 
m y opinion, th e  nam e D ryopteris austriaca co n tin u es to be d o u b tfu l (cf. Soó, A cta B ot. 23: 376).

T his w ork is especially  indispensable w ith  all th e  E u ro p ean  sy s tem atis ts  and  flo ra  
researchers.

R . Soó

T ü x e n , R. e t co llab ., B ibliographia Phyto-Sociologica. Lief. 19 -30 . C r a m e r , L ehre resp . 
V aduz, 1974— 1976.

I have  a lread y  review ed in the  co lum ns of th e  A cta B ot. Acad. Sc. H ung. — 17: 464 
an d  20: 207— 211 —  th e  new great w este rn  en te rp rise , th e  phytocenological b ib lio g rap h y  
of T Ü X E N , its  fo rm , aim s, value and its  (u n fo rtu n a te ly , r a th e r  serious) professional sh o r t­
com ings. (E specia lly  in  th e  case of the  classes w hich are  re la ted  to  H u ngary  m ore closely, 
like fo r exam ple Potamogetonetea, Thero-Salicornietea , Asteretea , Bidentetea , e tc .) In  th e  in tr o ­
d u c tio n  of one of th e  recen t issues, T ü x e n  answ ers th e  various critics, bu t he co n tinues to  
follow th e  w ay of com piling  used so far, a n d  em phasizes th a t  th e  scientific assessm ent w ill be 
th e  ta s k  of a n o th e r series. (This is th e  P ro d ro m u s of th e  E u ro p ean  p lan t associations, of 
w hich  as fa r as I know  th e re  has been p u b lished  o n ly  one volum e as y e t, in  1973.) T he sy s te m a ti­
za tio n  of th e  assoc ia tion  groups (alliance, V e rb an d ) and of th e  associations m ostly  corresponds 
to  th a t  of th e  used by  th e  H ungarian  au th o rs  (cf. Soó, A cta  B ot. A cad. Sei. H ung. 17: 27— 171, 
Soó Synopsis syst.-g eo b o t. Florae Veget. H u n g á riáé  3. 1968 and  5. 1973), while th e re  are 
cases w hen i t  d iffers from  th a t  and also from  re a lity . In  opposition  to the  conception  of J akucs  
and  of th e  references, T ü x e n  and his co llab o ra to rs  con tinue  to use th e  artificial Trifo lio- 
Geranietea class (L ief. 24) of the forest m arg in s, and  even th e y  en u m era te  th e  k a rs tic  sh ru b  
fo rests (Orno-Cotinetalia), and the series o f Quercetea pubescenti-petraeae w ith in  th e  Rham no- 
P runetea , b u t  th e y  do no t enum erate th e  associations o f th e  la t te r  am ong them . A sim ilar
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nonsense is the  sy s te m a tiza tio n  of sa lt g rass (J u n c io n  gerardii, Beckm annion eruciform is, e tc .) 
am ong  th e  ru d era l, n itro p h il  Plantaginetea. T h is is an  old conception  of T ü x e n  and  he is n o t 
inc lin ed  to  change i t ,  in  sp ite  of all co u n te ra rg u m e n ts . I t  was in v a in  t h a t  his a tte n tio n  w as 
called  up o n  such w o rd -m o n ste rs  as sepii, dum etori (by  tak in g  th e  p lu ral gen itive  case —  sep iu m , 
dum etorum  — as su b je c tiv e  case and co n ju g a tin g  i t  fu r th e r  on), i t  d id  n o t w ork , despite  th e  
fa c t  th a t  R a u s c h e r t ’s excellen t article  (p u b lish ed  in th e  very  period ical o f T ü x e n : M itt, 
flor.-sozio l. A rbeitsgem . 10: 232—249, 1963) cou ld  hav e  ta u g h t th e  co rrec t expression  to th e  
sociologists whose know ledge of the  classical lan g u ag es is ra th e r  poor an d  who nevertheless 
c rea te  new  nam es.

T he co n ten ts o f th e  new  insta lm en ts:
19. Isoeto-Nanojuncetea
20. Nardo-Callunetea
21. Artem isietea vulgaris
22. Onopordetea acanthii
23. Rham no-P runetea
24. Trifolio-Geranietea
25. Salicetea purpureae
26. Alnetea g lutinosae
27. Polygono-Poetea annuae
28. Plantaginetea m aioris , Agropyretea
29. A splenieta ru p estria , Parietarietea m uralis
30. Quercetea robori-petraeae

R. Soó

G eo b o tan y . E d ited  by  R . C. R o m a n s . P len u m  P ress , New Y ork  and  L ondon , 1976, 308 pp .

T his book is th e  p roceed ings of the  G eo b o tan y  Conference held a t  B ow ling Green S ta te  
U n iv e rs ity  (Ohio), on F e b ru a ry  21, 1976. I t  c o n ta in s  16 papers of d ifferen t, m ain ly  paleo- 
b o tan ic a l, paleoecological top ics . According to  th e  in te n tio n  of th e  ed ito r an d  th e  purpose 
o f th e  series of these conferences, all papers w h ich  a re  included in th is vo lum e u tilized  th e  
concep t of geobotany  as a  un ify in g  them e. T he in v es tig a to rs  w orking in  d ifferen t fields need 
in te rac tio n s  for in te rp re tin g  th e  problem s of geology, paleoecology, p a leo b o tan y , palynology , 
pa leoclim ato logy , an d  archeo logy . The value o f th is  volum e is th a t  the  d iverse  p ap ers  give an  
in te rd isc ip lin a rian  a p p ro ac h  to  the  in d iv idual p rob lem s.

R . O. K a p p : L a te  P leistocene and P o s tg lac ia l p la n t com m unities of G rea t Lakes
region.

A five-stage cycle o f g lacial and in te rg lac ia l v e g e ta tio n  phases is p o stu la te d  for Pleistocene 
an d  app lied  to  d a ta  from  th e  so u thern  G reat L ak es region. T he au th o r gives a m ore deta iled  
rev iew  of th e  v eg eta tio n  o f th e  last h a lf of th e  P le is tocene  on th e  basis of palynological an d  
re la te d  evidences of L a te  P le istocene and P o stg lac ia l tim es from  th is region. H is paleoecological 
suggestion  is th a t  p la n t com m unities of the  G rea t L akes region have had  c o n tin u ity  th ro u g h o u t 
th e  la te  P leistocene. T h ere  is no consistent ev idence  of tu n d ra  v eg e ta tio n  du ring  th e  L ate  
G lacial; in stead , “ open  fo re s ts”  m ay have ex is ted  in  ice-m argin  areas. In  possession of less 
ev idences he also gives a  sk e tch y  b u t (very) re m a rk a b le  reco n stru c tio n  of th e  v eg eta tio n  of 
Y a rm o u th ian  (H o lste in ian , M indel-R iss) and  S a n g am o n ian  (E em ian , R iss-W ürm ) in terg lac ia l 
stages.

J .  G. O g d e n , I I I . :  L im itin g  factors in  p a leo en v iro n m en ta l reco n stru c tio n .
D ifficulties and  suggestions concerning th e  re liab le  p a leoenv ironm en ta l reco n stru c tio n  

are  g iven  in  th is p aper.
D ealing  w ith  th e  v a lid ity  of paleoecologic in ferences th e  au th o r advises th e  paleoecolo- 

gists on  th e  q u a n tita tiv e  ap p ro ach es to  en v iro n m en ta l reco n stru c tio n . A ccording to  his r ig h t 
ju d g em e n t, besides th e  d a ta  se t consisting p rin c ip a lly  of pollen, spores, d ia to m s or o th er 
m icrofossils and  th e  enclosing  sedim ent, th e  a v a ilab ility  of large com puters , capab le  of m an ip ­
u la tin g  m assive d a ta  se ts , to g e th e r w ith  so p h is tic a ted  s ta tis tic a l and lib ra ry  program s, p ro ­
v ide a good o p p o rtu n ity  fo r fa r  g reater deta il in  th e  re liab le  reco n stru c tio n  of paleoenviron- 
inen ts .

C. W . G o o d : T ax o n o m ic  and s tra tig rap h ic  significance of th e  d ispersed  spore genus 
C alam ospora

A ccording to th e  re su lts  of the  p resen t in v es tig a tio n  a wide range of v a ria tio n  in  spore 
m orpho logy  w as found  in  th e  d ifferen t specim ens of th e  sam e cone species. T he a u th o r  suggests
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th a t  a c learcu t div ision  of species w ith in  th e  d ispersed  spore genus Calamospora is no t possible. 
I t  is a g reat p ity  th a t  th is  im p o rta n t w ork is n o t illu s tra te d  by b o th  transm ission  and scanning  
e lectronm icrographs as s tro n g er evidence.

F . W . P o t t e r , J r . :  D epositional and  flo ris tic  in te rp re ta tio n s  o f a pollen d iagram  from  
M iddle E ocene, c layborne fo rm atio n , U pper M ississippi e m b ay m en t

Two depositiona l sy s tem s were o p eran t du rin g  th e  exam ined  M iddle Eocene deposition , 
an  open system  (clay zone) an d  a closed system  (lignite  zone). U sing  th e  change in th e  deposi­
tio n a l system , th ree  pollen source areas, local, back g ro u n d , a n d  reg ional, were estab lished . 
Pollen p re sen t in th e  lign ite  zone generally  o rig in a ted  from  th e  local vegeta tio n  source a reas 
an d  ind ica te  a successional s tage  of th e  low land v eg e ta tio n  su rro u n d in g  th e  basin. R egionally  
derived pollen gra ins are v e ry  ra re  in th e  lignite b u t  generally  a re  rep re sen ted  in  the  clay  zone.

The re su lts  show care  m u st be tak e n  in  s tra tig rap h ic  co rre la tio n  and  in flo ristic  in te r ­
p re ta tio n  of p a s t p la n t co m m u n ity  s tru c tu re s  and  paleoclim ates.

To in te rp re t depositiona l env ironm en ts an d  pollen source a rea s, recen t pollen d ep o sitio n ­
al in fo rm atio n  on sm all b asins was used.

T. N. T a y l o r : T ow ard  an  u n d erstan d in g  of the  re p ro d u c tiv e  biology of fossil p lan ts .
The p re sen t p ap er d em o n s tra tes  several exam ples of d iffe ren t m ethods for in v es tig a tin g  

th e  rep ro d u c tiv e  p a ram e te rs  of fossil p lan ts. The analysis of fossil p la n t  reproductive  system s 
provides v e ry  im p o rta n t in fo rm a tio n  for a n a tu ra l system  of c lassifica tion . E xam ined  exam ples 
o rig in a ted  from  th e  P en n sy lv an ian  age and  are p reserved  in calcium  carbonate  p e trifac tio n s 
know n as coal balls. The pho to s, as well as th e  tran sm iss io n  and  scan n in g  e lectronm icrographs 
are very  su b s ta n tia l proof.

H . A. M i l l e r : G e o b o ta n i c a l  o v e rv iew  o f  th e  B r y o p h y t a
This p ap er is a good sum m ariz ing  w ork of th e  ev o lu tio n ary  d ev elopm en t and g eo b o tan i­

cal im p o rtan ce  of the  B ryophyta  on the  basis o f th e  fossil records.
P resen t day  d is tr ib u tio n s  and th e  sy s tem atic  iso lation  of m any  b ry o p h y te  g roups 

corre late  well w ith  th e  h is to ry  of co n tinen ta l lan d  mosses and th e ir  clim ates.

J .  L. H a r r , F . T . C. T in g : M odern an d  Paleocenc M etasequoias: a com parison  of 
foliage m orphology

I t  is a good, well illu s tra te d  co m p arativ e  ex am in atio n  of fossil Metasequoia sp. w ith  
th e  recen t M etasequoia glyptostroboides H u  an d  Chang. The fossil Metasequoia sp. w as well- 
p reserved  in silicified p e a t  du rin g  the course of th e  Paleocene age in  N o rth  D akota.

R. A. G a s t a l d o : A m iddle P enn sy lv an ian  nodule flora  fro m  C arterville, Illinois
A rich  e n u m era tio n  of 24 fossil genera and  52 species of th e  H e rrin  Coal a t  C arterv ille . 

Illinois, is p resen ted . T he fossil p lan ts  were fo u n d  in  nodules o f pyritife rous clay fro m  th e  
m iddle P en n sy lv an ian  age. T he flora  is d o m in a ted  by  th e  Pecopteris and  Neuropteris genera . 
The pap er is com pleted  w ith  very  fine original pho tos of m acrofossils.

R . L. L e a r y : P aleo b o tan ica l and geological in te rp re ta tio n s  o f paleoenvironm ents o f th e  
E a s te rn  In te r io r  B asin

A good paleoecological w ork is published here, in  w hich th e  pa leoenvironm ents d e te rm in ­
ed on pa leobo tan ica l g rounds are  corre lated  w ith  those  based u p o n  geological considera tions. 
T his includes d a ta  on  th e  sed im ents enclosing th e  fossils, th e  sed im en tary  s tru c tu re s  an d  
pa leo topography .

B. Co r n e t : P re lim in ary  investiga tion  of tw o L ate  T riassic  Conifers from  Y ork  C oun ty , 
P en n sy lv an ia

T his p ap er co n ta in s th e  descrip tion , co m p ara tiv e  ch ara c te riz a tio n  and illu s tra tio n  of 
tw o fossil conifers. T hey  o rig in a te  from  a rich  p lan t-b ea rin g  lay e r o f L ate  C arnian age, from  
th e  m iddle New O xford F o rm a tio n , in G e tty sb u rg  B asin, P en n sy lv an ia .

J .  E . Co n k i n , B. M. C o n k i n : N orth  A m erican  p rim itiv e  Paleozoic charophy tes a n d  des- 
cendents. T h is p ap er is a successful a tte m p t to  sum m arize  N o rth  A m erican  prim itive  Paleozoic 
ch aro p h y tes  from  phylogenetical, taxonom ical an d  ecological p o in ts  of view. The m odel a n d  
th e  illu stra tio n s of th e  ev o lu tio n ary  d e riv a tio n  of m odern k in d s  o f charophy tes fro m  th e  
p rim itiv e  form s, from  th e  lower D evonian  to  th e  recen t, are v e ry  rem arkable .
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D. R . K öblük: C alcification  of f ila m en ts  of boring  and cav ity -dw elling  algae an d  th e  
co n stru c tio n  of m ic rite  envelopes

F rom  th e  p a p e r  we learn  th e  re su lt o f  a very  in te resting  e x p erim en t. Iceland  sp a r 
c ry s ta l  was m on ito red  over a period  of 257 d ay s in  th e  shallow m arine  en v iro n m en ts  a t  D is­
co v ery  B ay, Ja m aica . T he activ ities  o f en d o lith ic  a lgae  were observed because  th ey  are  v e ry  
im p o r ta n t  bioerosive a n d  d iagenetic  ag en ts  in  m arin e  carbonate  en v iro n m en ts  by  boring  
a c tiv e ly  in to  c a rb o n a te  su b s tra te s . T hese a c tiv itie s  affec t particle  a n g u la r ity  and  size, sed i­
m e n t porosity  and  p e rm eab ility , p a rtic le  m ic ritiza tio n , m icrite envelope fo rm atio n  an d  o th e r 
a sp e c ts  of carb o n a te  erosion  and  diagenesis.

D. M. St o t h e r s , R . A. Y a r n e l l : A n a g ric u ltu ra l revolution  in  th e  low er G reat Lakes
P resen t s tu d y  trac e s  th e  h is to ry  of th e  m aize (Zea mays) ag ric u ltu re  from  th e  earliest 

ev idences of p reh is to ric  ag ricu ltu re  u n til th e  recen t tim es in the  G rea t L akes region. I t  has 
sev e ra l rad io carb o n  d a tes.

J .  F . M e t r e s s : T he place of th e  A m erin d ian  in the  origin of th e  so u th e rn  A ppalach ian  
g ra ss  balds

This paper is a sum m ariz ing  w ork concern ing  th e  origin of the  g rass b a ld  a reas of th e  
so u th e rn  A ppalach ian  su m m it. T ak ing  in to  co n sid era tio n  the  ecological an d  h is to rica l e x p la ­
n a tio n  of o ther sc ien tists  in  the  p a s t, th is  issue rep re sen ts  a reo rg an iza tio n  and  syn thesis of 
p a s t  and  p resen t ideas on  th e  su b ject. I t  is supposed  th a t  the a c tiv ity  o f A m erind ians could 
h a v e  led to the  fo rm atio n  of th e  ba ld s as a h u m an  disclim ax.

C. E . H e r d e n d o r f , D. E . R a t h k e , D. D. L a r s o n , L. A. F a y : S uspended  sed im ent 
a n d  p lan k to n  re la tio n sh ip s in  M aum ee riv e r a n d  M aum ee bay of L ake E rie

T his s tu d y  p re sen ts  th e  resu lts  o f a com ple te  survey  to determ ine  th e  q u a lity  o f w a ter 
issu in g  from  th e  riv er, p a rticu la rly  suspended  sed im en t, and the p lan k to n  p o p u la tio n  in the  
rece iv in g  body of w a ter. T he resu lts  concern ing  to  th e  density  of th e  p h y to -  an d  zoop lank ton  
p o p u la tio n s  depending  on  th e  w ater p o llu tio n  are  confirm ed by a g rea t n u m b er of diverse 
ex am in atio n s .

S. J . V e s p e r , R . L. S t u c k e y : T he r e tu rn  of aq u atic  vascu lar p la n ts  in to  the  G rea t 
L ak es  region a fte r  L ate-W isconsin  G laciation

By the  help of rad io carb o n  d a te d  reco rds th is p ap er traces the  reco lo n iza tio n  by  aq u atic  
v a sc u la r  p lan ts in to  th e  G rea t Lakes region a f te r  L ate-W isconsin  g laciation . 5 genera (M yrio- 
p h y llu m , N ym phaea , Potamogeton , Sagittaria , T ypha)  were chosen because th e y  are c u rren tly  
c o m m o n  and w idespread  in N o rth  A m erica an d  m o st freq u en tly  recorded  in  pollen  d iagram s.

M. JÁRAI-KOMLÓDI

B r e n a n , J . P . M.— R o ss , R .— W i l l i a m s , J .  T . (1975) Com puters in  b o tan ica l collections. 
P le n u m  Press, L ondon , pp . 216.

T he book is a co llection  of 20 pap ers  (a few  of these  only abstrac ts) w r it te n  by  d ifferen t 
a u th o rs ,  on  using th e  e lectron ic  d a ta  processing  (E .D .P .)  m ethods in tax o n o m ic  p lan t collec­
tio n s  in  E urope and o th e r  countries.

O riginally th e  c o n trib u to rs  in tro d u ced  th is  su b je c t a t  a conference in  th e  R oyal B o tan ic  
G a rd en s  Kew, from  3rd to 6 th  O ctober, 1973. A lm ost 90 delegates, ob se rv ers  and  speakers 
p a r tic ip a te d . “ The purpose  of th is  m eeting  is to  exp lore  a reas where E lec tro n ic  D a ta  Processing 
c a n  be help in th e  sto rag e  and  re triev a l o f in fo rm a tio n  concerned w ith  h e rb a riu m  and  o th er 
p re se rv e d  m ate ria l”  ( H a w k e s ).

“ I  hope th a t  th e  re su lts  will lead  to  a n  ag reem en t on descrip tors an d  a basic s tru c tu re  
su ita b le  for E .D .P . system  w hich  m ay be a d o p te d  by  all m ajo r E uropean  b o tan ic a l in s titu tio n ” 
( R a n n e s t a n d ). B r e n a n , besides hav ing  d o u b ts  w ith  reg ard  to E .D .P ., in an y  m ajo r herb ariu m s, 
m ad e  some suggestions fo r prio rities based  on needs a t  Kew . The m ost im p o r ta n t  and  general 
fro m  these  are th e  follow ing: th e  co n se rv a tio n  of genetic  resources; the  label d a ta  in the  h e rb a ­
r iu m  are  a rich source of references to econom ic uses o f p lan ts ; to collect th e  v e rn acu la r nam es 
o f species in d ifferen t co u n tries ; th e  v oucher specim ens for n on-taxonom ic  research , areas 
o f specia l research  in te re s t; geographical su rv ey  of genera  and species; to s tan d ard ised  fam ily  
a n d  generic catalogue e tc . B r e n a n  also e s tab lish ed : “ I m ust em phasize  th a t  an  E .D .P .
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system  in th e  h e rb ariu m  can  serve a useful dom estic purpose , b u t  its  u sefu lness is enorm ously 
increased  if it becom es p a r t  of an  a u to m a te d  in te r- in s titu tio n a l, in te rn a tio n a l in fo rm ation  
sy s tem .”

The m ain  p ro b lem  as is kno w n  to  all b o tan ists , is t h a t  th e  ty p e  specim ens, w hich are 
th e  “ v ita l docum ents for cu rren t re sea rch ” “ are sc a tte re d  th ro u g h o u t th e  h e rb aria  of th e  
w orld, b u t  no cen tra l reg is te r of ty p es  or th e ir location  ex is ts” .

F u rth e r  on th e  au th o rs  p resen ted  d ifferen t m ethods and  p ro g ram m es for E .D .P . of 
herb ariu m  specim en d a ta  for exam ple for th e  flo ra  of V eracruz (G o m e z— P o m p a  et al.). Several 
papers deal w ith  th e  h e rb ariu m  specim en label in fo rm ation , th e  form s an d  co n ten ts  of records. 
T he m ore in te res tin g  exam ples w ere given by G r e e n e s  an d  co-w orkers, because they  used
E .D .P . for th e  h e rb a riu m  co n ta in ing  specim ens from  th e  A n ta rc tic . T h is herb ariu m  differs 
from  th e  o th er one, because  of h av in g  a h igh percen tage of u n id en tified  m ate ria l. T heir d a ta  
b a n k  con ta in  th e  file o f iden tified  and  u n id en tified  m ateria l fo r taxonom ic  a n d  phy togeographic- 
al work.

The m ore p ro m in e n t system  for th e  tax o n o m ist w as designed by R o g e r s ; the  T A X IR  
(T axonom ic In fo rm atio n  R e triev a l) a n d  by M e l l o , the  SELG A M  system .

So p e r  has e lab o ra ted  the  a p p lica tio n  of electronic d a ta  processing  to  the  m apping of 
p la n t d is tr ib u tio n  in  a book. In  th is  volum e the  p lann ing  of in v es tig a tio n  and  E .D .P . are 
very  precise and usefu l, u n fo rtu n a te ly  th ere  are  no in te rp re ta tio n s  of th e  re su lts . A descrip tion  
and  usefulness of th e  liv ing  p lan t reco rd  system  in B o tan ical G ardens w as d iscussed  by Cu l l e n .

This conference an d  th e  pap ers  w hich are collected  in th is  v o lu m e, focus a tte n tio n  
to  th e  needs of a d a ta  b a n k  for th e  ty p e  specim ens, and  th e  possible ap p lic a tio n  of d ifferen t 
system s and  th e  co m p u te r p rogram m es in bo tan ical collections.

J .  Sz u j k ó -L acza

R. W. F. H a r d y  an d  W arren  S. S i l v e r  (eds.): A trea tise  on  d in itro g en  f ix a tio n . Section I I I :  
Biology. Jo h n  W i l e y  and  Sons, N ew  Y o rk — L ondon— S y d n ey —T o ro n to , 1977. pp. 673.

A fter the  p u b lica tio n  of selected  w orks p resen ted  a t  th e  IB P  M eetings of W ageningen 
and  E d in b u rg h  1970, 1974 (B iological N itrogen  F ix a tio n  in  N a tu ra l a n d  A g ricu ltu ra l H a b ita ts  

-  T. A. L i e  and E . G. M u l d e r  eds., P la n t and Soil Special V olum e, M artin u s  N i j h o f f , T he 
H ague 1971, N itro g en  fix a tio n  by  free-liv ing  m icroorganism , E d. b y  W . D. P . St e w a r t , 
IB P  No. 6, U n iv ersity  P ress, C am bridge, 1975. Sym biotic  N itrogen  F ix a tio n  in P lan ts ed. by  
P. S. N u t m a n , IB P  No. 7, U n iv ersity  Press, Cam bridge, 1976) and  th e  v e ry  good sum m ariza­
tio n  of th e  above p rob lem  sphere: Biology of n itrogen  f ix a tio n  ed. b y  A. Q u i s p e l , N o rth - 
H olland  Publish ing  Co., A m ste rd am , 1974. N ow adays a new  series is u n d e r publication  by  
A. W i l e y  — In tersc ien ce  P u b lica tio n  (gen. ed. R. W . F . H a r d y ): S ec tio n  I. Inorganic and  
Physical C hem istry  (ed. by  F. B o t t o m l e y ) Section I I .  =  B iochem istry  (ed. by R. C. B u r n s ) 
Section  I I I .  =  B iology (ed. by  W . S. S i l v e r ) Section IV . =  A gronom y a n d  Ecology (ed. by  
A. H . G i b s o n ).

As regards th e  g rea t im p o rtan ce  of research  on N 2-fix a tio n  we q u o te  here a good descrip ­
tio n  of th e  book flap  on “ Biology” :

“ T here are th ree  m ajo r reasons for in tensify ing  th e  s tu d y  of d in itro g en  fix ation : th e  
need to  increase d in itro g en  fix a tio n  to  facilita te  the  increase  in  crop p ro d u c tio n  th a t  will 
enable less developed countries to  p rov ide ad equate  food for th e ir  peop le : The increasing  
need to  u n d e rs tan d  th e  e a r th ’s biological env ironm en t (th e  in p u ts  a n d  o u tp u ts  from  all h a b i­
ta ts ) : and  th e  need  to  know  how p e rtu rb a tio n  of any e lem ent of ex is tin g  ecosystem s will 
influence th e  b ehav io r of all com ponen t p a r ts .”  Section I I I .  “ B iology”  is w r it te n  by  15 au th o rs  
(am ong them  A m erican , C anadian , In d ian  and  Scottish), also the  ex ce llen t rep resen ta tiv es 
of rhizobiological re sea rch  in  A u stra lia  F . j .  B e r g e r s e n , J .  S. P a t e , C. A. P a r k e r , J . M. V i n ­
c e n t  (and  E . A. S c h w i n g h a m m e r  who works there) can  be found  here. In  the  13 ch ap te rs  
th e  sy s tem atica l lis t of b ac teria , b lue-green  algae, lower p la n t assoc ia tions (associations w ith  
fungi and  green p la n ts , lichens, Nostoc and  a phycom ycete  etc .) h av in g  N 2 fixing cap ac ity , 
as well as th e ir  physio logy — of course w ith  special re sp ec t to th e  N 2-fix a tio n  (e.g. g ro w th  
requ irem en ts  e tc .) are  e laborated .

In  a very  in te res tin g  c h ap te r  th e  foliar associations in h igher p la n ts  is discussed (th e  
leaf as a m ic roenv ironm en t, N 2-fix a tio n  in the  phyllosphere , sy s te m atics  and geographical 
d is tr ib u tio n  of lea f nodule  p lan ts  an d  bac teria  the p o ten tia l sy m b io n ts  o f p lants).

The la te s t re su lts  on N 2-fix ing  associations in h igher p lan ts  o th e r  th a n  legum es as well 
as th e  legum e-rhizobia sym biosis are sum m arized  too.
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As regards th e  legum inous sym biosis i t  is discussed from  g en etica l p o in ts o f view  (bo th  
m acro - and m icrosym bionts an d  Klebsiella) rhizobiological a spects (R h izo b iu m : general m icro­
bio logy) and a good su rv ey  is given on th e  in fec tion  and dev elo p m en t o f legum inous nodules, 
fu n c tio n al biology and  physio log ical ch em istry  o f N 2-fixation  by  legum es etc.

F inally  a sho rt b u t  u sefu l o u tlin e  is p re sen ted  on the  “ P e rsp ec tiv es  in  biological d in itro ­
gen fix a tio n ”  too. More th a n  2500 p u b lica tio n s  are cited in th e  boo k  an d  th o u g h  N 2-fixation  
as reg ard s its  biology has a lre ad y  been  pu b lish ed  in m any th o u sa n d  pap ers  and  books in  the  
la s t  9 decades, b u t the  c ita tio n s  o f th is  book  rep resen t well th e  la te s t  lite ra tu re  o rig inating  
fro m  n o t only a few selected  jo u rn a ls  and  co n ta in in g  results o b ta in e d  in  d ifferen t p a r ts  of the  
w orld . A few papers from  H u n g a rian  a u th o rs  can  be found too (e.g. B a l a s s a  R ., B a r ab á s  
S., E ö r d ö g h , F., G á b o r , M., G y o r f f y  B ., K e c s k é s , M., K o n d o r o s i , A., O r o s z , L., S ík . T., 
S v á b , S., Sz e n d e , К .).

T he book is v e ry  usefu l for re sea rch  w orkers, lecturers, s tu d e n ts  o f any  field  o f biology 
(m ain ly  of course: m icrobiologists, b o tan is ts  th o se  working in  genetics, agronom ists, fo restry  
eng ineers , ecologists e tc .). I t  co n ta in s m uch  new  inform ation  for th e  b o ta n is ts  e.g. g iving m any 
good exam ples for th e  m ac ro sy m b io n t-m ic ro sy m b io n t, m ic ro sy m b io n t-m icro sy m b io n t associ­
a tio n s  w hich are su itab le  fo r review ing earlie r p o in ts  of view.

The book (and th e  series too) serves th e  b e tte r  u n d e rs tan d in g  of th e  biological basis 
o f N 2-fixation  and in th is  w ay  is an  im p o r ta n t  step  tow ards so lv ing  one of th e  m o st u rgen t 
p ro b lem s of our age: to  p ro d u ce  m ore food and  to save the  t r a d it io n a l  energy sources used 
in  h u m an  society.

M. K e c s k é s

K i n z e l , H .: G rundlagen de r Stoffw echselphysio logie: E ine E in fü h ru n g  in  die E n erg e tik  und 
K in e tik  der L ebensvorgänge. E u g en  U l m e r  G m bH  Co; S tu t tg a r t ,  1977. 276 p ., DM 22.80

T he functional tre n d s  o f biology, and  th e  new  results of re sea rch  can  only be co m p reh en d ­
ed if  we have ad eq u a te  fu n d a m e n ta l know ledge of physics and p h y sico -ch em istry . Professor 
D r. H e lm u t K i n z e l , professor a t  th e  p la n t physio logical d e p artm e n t o f  th e  U n iv ersity  o f Vienna, 
w ishes to  provide us a ssistan ce  in th is . As is in d ica ted  also by  th e  su b title , he p u ts  em phasis 
p r im a rily  on the  questions o f energetics an d  k in etics . The book co n sis ts  o f 15 ch ap te rs . Such 
q u estio n s are in te rd isc ip lin arily  discussed in th e  various chap ters t h a t  a re  o therw ise  separa te ly  
d e a lt  w ith  in handbooks an d  tex tb o o k s  of physics, physico-chem istry , b io ch em istry  a n d  physiol­
ogy . T heir jo in t discussion h ig h ly  p ro m o tes a b e tte r  u n d erstan d in g  of th e  various biological 
processes.

Para lle l w ith  th ro w in g  lig h t on th e  basic  physical, physico-chem ical no tions an d  reg u la ri­
tie s , th e  book discusses th e  energy  p ro d u c tio n  of living beings, re sp ira tio n  and  fe rm en ta tio n , 
a s  well as the  origin of h e a t p ro d u ced  by  th e  o rgan ism . The role of ad en o z in tr ip h o sp h a te  in the 
en erg e tic s  of organism s, as well as th e  u tiliz a tio n  of ATP in ca rry in g  o u t w ork, in tran sp o rt 
processes, and in various b io sy n th e tica l processes, a re  em phasized.

In  the  field of re ac tio n  k inetics , a tte n tio n  is p rim arily  pa id  to  cata ly ses and  to  enzym es 
c a rry in g  ou t the  catalyses in th e  liv ing  organ ism s. A fter expounding th e  va rio u s no tio n s re la ted  
to  th is  field  (for exam ple, a c tiv a tio n  energy), th e  au th o r p resen ts a com prehensive  p ic tu re  of 
th e  ro le enzym es p lay  in m etab o lism , of th e  re la tio n sh ip  be tw een  enzym es and  su b s tra tes , 
o f  th e  effect of su b s tra te -c o n ce n tra tio n s . H e explains in de ta il th e  th eo ry  of M i c h a e l i s - 
M e n t e n  well know n from  enzym ology , p ro v id es its  m athem atical ana ly sis  and  L i n e w e a v e r - 
B uR K -type graphical illu s tra tio n s . He also in te rp re ts  the physical c o n te n t of M i c h a e l i s ’s 
c o n s ta n t.

W hen  p resen ting  th e  k in e tica l o rder o f reac tions, th e  a u th o r  analyses th e  reac tio n s of 
th e  f irs t  order. He also to u ch es u p o n  the  reac tio n s  of the  h igher o rder. In  connexion  w ith 
b io ca ta ly sis , he also dwells on  th e  k in e tica l cond itions of reac tio n s ca ta ly sed  by  enzym es.

In  connexion w ith  th e  va rio u s life p h en o m en a, the  book refers to th e  basic questions 
o f  b io reg u latio n  several tim es.

T he au th o r has u n d e r ta k e n  a d ifficu lt ta s k  of e laborating  th e  m a te ria l th ro u g h  a m odern 
a p p ro a c h , and  he has succeeded in  doing th a t ,  a lth o u g h  the ed iting  is n o t alw ays consisten t.

T he und erstan d in g  of th e  m ate ria l of th e  com prehensive b o o k  is enhanced  w ith  65 
f ig u res  an d  14 tables, w hich a re  p a r tly  o rig inal, while pa rt of th em  are  ta k e n  over fro m  th e  m ost 
k n o w n  tex t-books and h an d b o o k s. T his book, w hich  is published in  th e  “ U ni-T asch en b ü ch er” 
series, will be of g reat va lue  fo r u n iv e rs ity  s tu d e n t who wish to abso rb  b io logy, a n d  for young 
re sea rch ers  and professional teach e rs  o f biology, as well as for all re ad e rs  in te res ted  in biology.

Mrs. B. S z a j á n i
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W o o d , R . D. (1975): H y d ro b o tan ica l m ethods. U n iversity  P a rk  P ress , B a ltim o re —L o n d o n —• 
T okyo, 173 pp.

T his book was w ritte n  as an  un iversity  m an u a l for th a t  reaso n  44 . . .  to  assist th e  p rofes­
sor in a  trad itio n a l d e p a rtm e n t in  p rep arin g  s tu d e n ts  . . .”  an d  44 . . . to  p rov ide a series of 
field  and  lab o ra to ry  p ro jec ts  for tra in in g  u n iv ers ity  s tu d e n ts  in  a q u a tic  ecology, w ith  em phasis 
on th e  au to p h y te , and  to  offer detailed  in stru c tio n s  for a set o f m e th o d s  useful in aq u atic  
in v es tig a tio n ” . I t  could be usefu l as a s ta r tin g  book for the  ed u ca tio n , a n d  fo r anybody, who 
is in te res ted  in  th is  top ic . T h is book consists of 12 pro jec ts . E v ery  p ro je c t is an  ac tual ta sk  
to  be solved and  p rep ared  respec tive ly . E ach  p ro jec t is div ided in to  f iv e  p a r ts  as follows:

“ ob jec tiv e”  —  i t  co n ta in s th e  task , w h a t to  do; “ m eth o d ”  —  i t  gives special and e x ac t 
descrip tions to  carry  o u t th e  in v estiga tions; “ d a ta ”  —  it  in form s y o u  on  w h a t d a ta  can be 
ob ta in ed  a fte r fin ish ing  th e  investig a tio n s; “ reference”  — th e  specia l lite ra tu re  on the  su b jec t 
is in tro d u ced  here; “ n o tes”  —  th is  is a su b s ta n tia l p a r t  of every  p ro je c t,  procedures, devices, 
ideas requ ired  for th e  accom plishm en t of in v estig a tio n s a re  d e ta iled .

The f irs t  p ro jec t is a b o u t th e  know ledge of th e  exam ined area . T h is  a rea  has to be chosen 
w ith  special reg ard  to  a q u a tic  h a b ita ts . R ep o rts  can  be m ade on  th e  topograph ic  fea tu res , 
w a te r d ra inage p a tte rn s , h u m an  ac tiv ity  — its  effect on  aq u atic  life.

In  th e  second p ro jec t th e  p rep ara tio n  of a flo ris tic  lis t in th e  ex am in ed  area is p re sen t­
ed. This lis t will be a q u a lita tiv e  rep o rt o f th a t  a rea . The a p p ro p ria te  collection of d iffe r­
en t p lan t species liv ing  in  w a te r , labeling, th e  d ifferen t w ays of d ry in g  of p lan ts , the  possib i­
lities of iden tify ing  and  pressing  are  ind ica ted .

The n e x t th ree  p ro jec ts  (3, 4, 5) give some in fo rm atio n  a b o u t  th e  p roper sam pling  
m ethods, w hich are also app lied  in o ther fields. W e can  o b ta in  a q u a n ti ta t iv e  rep o rt of vege­
ta tio n  in an  area. The position  o f each p lan t can  be fix ed  along a line by  using  th e  line-transec t 
m ethod . The profile  d iag ram  (bisect) of a l it to ra l  v eg e ta tio n  in a p o n d , th e  life form  association  
d iag ram , th e  depth-species g ra d ie n t tab le  can  be p rep ared  from  th e  fie ld  d a ta . By m eans of 
th e  q u a d ra t m ethod  o th e r fea tu res  also can  be exam ined , e.g. b io m ass , density  (num ber of 
shoots pe r m 2), d iversity  (only  num ber of species pe r m2), p ro d u c tiv ity . The q u ad ra ts  used  
generally  are 1 m 2, b u t  th e ir  sizes depend on th e  ty p e  and  d en sity  o f  v eg eta tio n . E x cep t for 
th e  form er m entioned  charac te ris tics , velocity , w a te r  d ep th , d ischarge , an d  sedim ent analysis 
also can  be m ade. The in v es tig a tio n  of v eg eta tio n  in  deep w a ter is c a rried  o u t by  ind irect sam ­
pling  m ethods. Two of th em  are  dem o n stra ted . One of th em  is th e  b o a t  te a m  tran sec t m eth o d  
and  th e  o th er is SCUBA tea m  tran sec t. T he la t te r  claim s severa l d ivers w ith  W-Z d iv er’s 
sam pler. I t  called a tte n tio n  to  th e  fact th a t  n o t only th e  b en th ic  v e g e ta tio n  (fauna, too) an d  
p h y to p la n k to n  need to be stu d ied , b u t th e ir  su rround ings, too.

In  th e  p ro jec t 5a th e  a u th o r w rites how  a com plex h y d ro b o tan ica l investiga tion  of a 
b asin  has to  be  carried  ou t. T he in v estig a tio n  needs a well equ ip p ed  a n d  well organized team . 
T he applied  procedures are discussed in a lp h ab etic  order, such as physical-chem ical analysis 
of d ifferen t e lem ents and  com pounds (a lk a lin ity , p H , n itra tes , d isso lved  0 2 and C 0 2, e tc .), 
th e  descrip tions of sam pling  in s tru m en ts  (E ck m an  dredge, K em m erer w a te r  sam pler) and  th e  
descrip tion  of biological fea tu res  (p h y to p lan k to n  analysis, p e rip h y to n  analysis, etc.).

In  th e  p ro jec t 6 we fin d  ou t how a hy d ro g rap h ic  c h art o f a b a s in  has to  be p rep ared . 
I t  is necessary  for th e  know ledge of surface ou tline  and  d e p th  co n to u rs . A surface ou tline  
can  be d raw n using  any  m aps (topographic  m ap , aerial p h o to g rap h ) o r w ith o u t m ap using  
p lane  tab le  a lidade. T he reco rd ing  fa th o m ete r is used  to  p rep are  d e p th  contours, so th e  p a r ­
am eters  of a lake (m ean  b re a th , m ean d e p th , m ean  slope, e tc .) can  be calculated .

P ro jec t 7 deals w ith  cu rren t p roblem s, v eg e ta tio n  of p o llu ted  w aters. The v eg e ta tio n  
of a po llu tion  zone is ch aracte rized  by th e  species liv ing  there . T he species are used as p o llu tio n  
ind ica to rs . The po llu tion  of petrochem icals, h eav y  m eta ls , B O D  (b iochem ical oxigén dem and), 
coliform  co u n t also hav e  to be m easured.

In  p ro jec t 8 som e phytosociological m ethods are o u tlin ed , such  as d e te rm in a tio n  of 
m in im um  sa tis fac to ry  q u a d ra t  size for s tu d y  of a n  association; p re p a rin g  an  association tab le  
on th e  basis o f abun d an ce , constancy , cover; se ttin g  up  a life form  d iag ram . For fu rth e r analysis 
these  can be connected  w ith  m easures o f several en v iro n m en ta l fa c to rs  (soil, sedim ent, w a te r  
analysis).

P ro jec t 9 is concerned w ith  veg eta tio n  of th e  in te rtid a l zone. A t th e  s tu d y  on th e  h o rizo n t - 
ally o rien ted  life zones th e  m ost im p o rta n t m o m en t is to  e s tab lish  th e  accurate  a ltitu d e  of 
zones inv estig a ted . To o b ta in  th e  poper tim e of s tu d y  it  is necessary  to  know  the  fo rm atio n  
of th e  tid a l curve (it is rep re sen ta tio n  of w a te r level changes in  fu n c tio n  of tim e).

P ro jec t 10 outlines b riefly  th e  m eth o d  of sam pling  used  in  oceanograph ic  h y d ro b o tan y .
P ro jec t 11 deals w ith  th e  diel (24-hr) changes in en v iro n m en ta l fac to rs  of a given a q u a tic  

h a b ita t .  I t  concerns m easures of physical-chem ical factors. Schedule  for sam pling ( th a t  is
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how  m any sam ples m u st be ta k e n  du rin g  24 ho u rs) is to  be estab lished . T he m ore freq u en t the  
sam pling  the  m ore accu ra te  th e  changes o f facto rs can be follow ed. T he a u th o r does no t 
d ea l w ith  the  diel rh y th m  of o rgan ism s, b u t  i t  is also very  im p o rtan t.

P ro jec t 12 acq u a in ts  us w ith  th e  role o f a lgal cu ltu res in  ecological investiga tions. 
iVlgal cu ltu res can  be used fo r tes tin g  to x ic a n ts , or for ev a lu a tin g  th e  eu tro p h ic  p o ten tia l 
o f w a ter. The la tte r  is based  on  th e  d ifference in g row th  of a te s t  a lg a  in  a s ta n d a rd  m edium  
a n d  in th e  w ater to be ex am ined . The m o st e ssen tia l techniques a re  also rev iew ed  for cu ltu ring . 
Som e recipes of m edia for a lga l cu ltu re  are  described .

The pro jec ts 13, 14 a n d  15 are a b o u t m easures of p rim ary  p ro d u c tiv ity  based on ligh t 
a n d  d a rk  b o ttle , p ig m en t analysis an d  14C u p ta k e  respectively . T he m eth o d s are ap p ro p ria te  
b o th  for p h y to p lan k to n  and  fo r m acrophy tes.

The la s t p ro jec t (16) concerns th e  cycling  of two e lem ents (32P  an d  65Zn) based  on 
m easu rin g  ra tes  o f u p ta k e  of these  rad io iso to p es. The change of 32P  (in w a ter, sed im ent, 
p lan k to n , sidewall algae, m ud  algae) is illu s tra te d  by  an  experim en t c a rried  o u t in an  aq u ariu m .

A t the  end of th e  book  we can fin d  a l is t  o f abbrev ia tions com m only  used in h y d ro b o tan - 
ica l lite ra ta re , as well as a g lossary  co n ta in in g  co n stan ts , term s an d  u n its . The book is com ­
p lem en ted  by au th o r and  su b jec t indexes. T he references given in th e  sep a ra te  p ro jec ts  are 
r ich  enough, th ough  th ey  co n ta in  chiefly A m erican  references. T he p ro jec ts  a re  well illu s tra te d  
w ith  figures, graphs and  tab les .

E . M o l n á r

R . G. W i e g e r t : Ecological E nergetics. B en ch m ark  Papers in Ecology/4. D o w d e n , H u t c h i n ­
s o n , R o ss , Inc ., S tro u d sb u rg , P en n sy lv an ia , 1976, 457 pp.

This fo u rth  volum e of th e  book series e n title d  “ B enchm ark  P a p e rs  in  E cology” , ed ited  
b y  F . B. G o l l e y , discusses a v e ry  im p o r ta n t an d  exciting  field of ecology, nam ely , ecological 
energe tics. In  an excellen t com p ila tio n  by  R ich a rd  G. W i e g e r t , P rofesso r a t  th e  U n iv ersity  
o f G eorgia, an in te rn a tio n a lly  acknow ledged e x p e rt on th e  topic, nu m ero u s valuab le  scientific  
p u b lica tio n s are dea lt w ith . Ecological energe tics com prises stud ies on  th e  tran sfe r  and con­
v e rs io n  of energy, or m ate ria ls  co n ta in ing  energy , from  one organ, p o p u la tio n  and  ecosystem  
to  a n o th e r, and w ith in  these. I n  th e  p a s t tw e n ty  years, th is field  o f ecology has acqu ired  a 
c e n tra l  position  in in tensive  research . T he e x am in a tio n  of the  flow  of energy  and  of th e  use 
o f energy  is of fu n d am en ta l im p o rtan ce  in  th e  resea rch  on the  fu n c tio n  o f ecosystem s.

R. G. W i e g e r t  has se lected  38 such  artic les  for his book, th e  a u th o rs  o f w hich are  also 
w ell know n in the  lite ra tu re . W ith  these  a rtic les , th e  ed ito r p resen ts th e  th eo re tica l questions 
o f  ecological energetics, its  m e th o d s of in v es tig a tio n  and also its  re su lts  in  p ractice . W i e g e r t  
re m a rk s  th a t  he endeavoured  to  choose th e  m ost im p o rta n t articles p u b lish ed  in th e  lite ra tu re , 
b u t ,  ow ing to lack  of space, m an y  of th e  im p o r ta n t ones had  to be left o u t o f  th e  com pilation . 
I t  w as ra th e r  the  sh o rte r, new er and m ore com prehensive  studies th a t  w ere considered in th e  
se lec tion . In  add ition  to  th e  38 stud ies, 10 e d ito r’s com m ents p rov ide a su m m ary  of a rtic les 
o n  id en tica l topics to g e th e r w ith  sh o rt su p p lem en ts  using o th er l i te ra tu re  d a ta  n o t occuring  
in  th e  book itself.

T he book is d iv ided in to  five p a r ts . P a r t  One: H isto ry  and  th eo ry . F ive  articles deal 
m a in ly  w ith  the  theo re tica l questions o f ecological energetics, th a t  is, am o n g  o thers , w ith  the  
fo llow ing topics: basic no tio n s o f p ro d u c tio n  biology (A. M a c f a d y e n ), th erm o d y n am ica l 
co n sid era tio n s in n u tr itio n  (R . G. W i e g e r t ); d e te rm in a tio n  of th e rm o d y n am ica l d a ta  an d  
th e ir  use in  ecology (D. S c o t t ), e tc . In  th e  in tro d u c to ry  editorial rem ark , th e  h isto rica l develop­
m e n t o f th is b ran ch  of science is described.

P a r t  Two: E n ergy : Levels of sto rage an d  efficiences of tran sfer. E ig h t  a rticles deal w ith  
th e  d e te rm in a tio n  of th e  caloric  values of b iological m ateria ls, w ith  th e  caloric  values of p lan ts  
a n d  an im als, and  w ith  ecological efficiency. T he ed ito r  p laced the fu n d a m e n ta l a rticle  published  
b y  L i n d e m a n  in 1942 in th is P a r t .

P a r t  T hree: E nergy : R a te s  of tran sfer. T his P a r t  con ta ins six teen  a rtic le s  w ritten  on topics 
lik e  th e  prim ary  p ro d u c tio n  of com m unities an d  ecosystem s; p h o to sy n th es is  and  resp ira tio n ; 
seco n d ary  p roduction ; th e  m etabo lism  and  re sp ira tio n  of various an im als. Several of th e  a rticles 
describe  the  m ethods of m easu ring  th e  d a ta  o b ta in ab le  w ith  respec t to  th e  above processes. 
M en tio n  is m ade also of th e  p r im a ry  p ro d u c tio n  of w aters.

P a r t  Four: E nergetics o f ecosystem s. A rticles on th e  questions o f  en ergy  flow  in  various 
a n im a l p opu lations and  com m unities, an d  of co m m u n ity  energetics, as well as com m unity  
m etab o lism  are con ta ined  in th is  P a r t .  Several o f th e  a rticles are by E . H . B a t t l e y  on en th a lp y  
a n d  free energy tran sfo rm a tio n  tak in g  p lace d u rin g  the  g row th p rocess o f Saccharomyces 
cerevisiae.
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P a r t  F ive: F u tu re  d irec tions. In  th is  sh o rt P a r t  th e  ed ito r t r e a ts  th e  q u estio n  of m odelling 
th e  flow of energy, w hich a t  the  sam e tim e co n stitu tes  his p re sen t to p ic  o f re sea rch . For exam ple, 
th e  describes in sh o rt th e  m in im um  q u a n tity  o f in fo rm ation  necessary  fo r th e  construction  of 
a real non-linear d iscontinuous m odel.

I th in k  th is vo lum e, w hich  co n ta in s m an y  fu n d a m e n ta l and  o ften  n o t easily available 
a rticles, will be o f g re a t use  an d  will p rov ide  g rea t assistance  to  th o se  w ork ing  in the  field  
of ecological energetics, to  th e  u n iv e rs ity  s tu d e n ts  and ju n io r  re sea rch ers  who are becom ing 
fam ilia r w ith  the  topic , as well as to  teachers. C onsidering its  im p o r ta n t  a rtic les the  book by 
all m eans, is recom m ended  to  ecologists o f soil and  w a ter as well.

B. P a p p

M athem atica l A nalysis o f Decision P rob lem s in  Ecology. L ec tu re  n o tes  in  B iom athem atics . 
Yol. 5. E d ited  by A. Ch a r m e s  and  W . R . L y n n .— Sp r i n g e r , 1975.

The volum e co n ta in s th e  selected  lec tu res delivered a t  th e  C onference held in Is ta m b u l, 
1973. The aim  of th e  Conference w as to  a rran g e  for a m eeting  be tw een  th e  leading researchers 
who deal w ith  im p o rta n t ecological prob lem s in  various fields o f science and  to p resen t th e  
advance of m a th em a tica l researches w hich m ay  help in  decision-m aking  w ith  reg ard  to ecologi­
cal problem s.

F or convenience, th e  book is d iv ided  in to  four p a r ts : (A) P ro b lem s of L an d  Use M anage­
m en t, (B) Air, Noise an d  W ate r P o llu tio n  C ontrol, (C) C ontro l of In fec tio n s  Disease, and  (D ) 
Social an d  B ehavioral A nalysis.

The lectures of in te re s t for p la n t  ecologists are to  he fo und  m ain ly  in  the  p a r t  e n titled  
L and  Use M anagem ent. T he p a p e r b y  B o r m a n n , IL , A n  E co sy stem  A pproach  to P rob lem  
Solving, sum m arizes th e  s tu d y  re su lts  gained in H u b b a rd  B rook  E x p erim en ta l Forest. T he 
forest exerts a fu n d a m e n ta l in fluence up o n  th e  chem ical, hydro log ical a n d  m eteorological con­
ditions of th e  area. In  o rder to have  a q u a n tita tiv e  assessm ent of h u m a n  in fluence on the  region, 
th e  chem ical, and  hydro log ical cycles as well as the  biological changes in  th e  n a tu ra l and th e  
tre a te d  forests were in v es tig a ted . B y th e  effect of clear felling, th e  chem ical and hydrological 
cycles becam e a lte red  and  considerab le  biological changes hav e  ta k e n  place. The n a rro w ­
m inded  in ap p ro p ria te  in te rferen ces o f ag ricu ltu re , fo res try  an d  c o u n try  p lann ing , incognizan t 
of th e  essential in te rco n n ec tio n s, lead  to unforeseen and u n d esirab le  re su lts . I f  the tre a tm e n t 
m ethods in  the  a rea  a re  based  on a b e tte r  u n d e rs tan d in g  of th e  w o rk in g  of the  ecosystem , 
th e  resu lts  can be con tro lled  and  th e  d e tr im en ta l ones p rev en ted .

The n ex t lec tu re , e n title d  “ A G razing L ands S im u la tio n  M odel” , was delivered by  
W i e l g o l a s k i . T he m odel was developed  so th a t  on th e  basis of th e  re su lts  the  effects of g ra z ­
ing on th e  various ty p es  of v e g e ta tio n  could be com pared w ith  one a n o th e r , and a more e x ac t 
know ledge of th e  tu rn o v e r  in  ca rb o n  and  n u tr ie n t su p p ly  of th e  sy s te m  becam e availab le. 
A ssim ilation, tran s lo ca tio n , decayed  p la n t p a r ts , and  d ecom position  w ere exam ined in  th e  
m odel as a fu n c tio n  of en v iro n m en ta l factors. Since one of th e  req u irem en ts  of the  m odel 
was th a t  it should be availab le  for use in a large field , i ts  scale o f re so lu tio n  is re la tively  low, 
there  are num erous sim plifica tions in it. T he in te rac tio n s were considered  linear, no consider­
a tio n  was given to  com p etitio n  be tw een  p lan ts , to p references o f th e  g razing  anim als to c e rta in  
p la n t species and  to  reg en e ra tio n  a f te r  grazing , etc. I t  seem s, how ever, t h a t  on the basis of th e  
m odel p red ic tion  is still possible w ith  reg ard  to  th e  o p tim u m  size o f th e  anim al po p u latio n  
w hich is still m a in ta in ab le  by  th e  v eg e ta tio n  w ithou t a risk  of d am ag e  in  th e  cases of v a rio u s 
env ironm en ta l cond itions. A fu r th e r  re fin em en t of th e  m odel is possible, necessary an d  
realizable.

The th ird  lec tu re  in  th is  p a r t  (An H ierarch ical Goal P ro g ram m in g  A pproach to E n v iro n ­
m en ta l — L and Use M anagem en t by  Ch a r m e s , A., H a y n e s , K. E .. H a z e l t o n , J . and R y a n , 
M. J .)  is useful for those  w orking in en v iro n m en t p ro tec tio n  (w a ter p ro tec tion ).

Am ong th e  su b seq u en t lec tu res  th ere  are some v ery  in te re s tin g  ones which app ly  th e  
gam e theo ry  to  th e  so lu tion  of va rio u s problem s. F o r exam ple , H e a n e y , J . and S h e i k h , H ., 
“ Gam e T heoretic  A pproach  to  E q u ita b le  R egional E n v iro n m e n ta l Q uality  M anagem ent” , 
and the  lecture by  B a y a r t , D., Co l l o m b , II., and  P o n s s a r d , J . - P . ,  e n titled  “ A ‘P o llu tio n ’ 
Gam e: A T heoretical and E x p e rim en ta l S tu d y ” . T hese addresses a re  considered im p o rta n t 
because game th eo ry  has only to  a very  slight ex te n t been  app lied  in  ecology and ecosystem  
researches, and so its  seem s a n  u n ex p lo ited  possibility .

There are am ong th e  lec tu res  on env iro n m en ta l p ro tec tio n  also some which req u ire  
fu r th e r  research . F o r exam ple, th a t  of L o u c k s , D. e n title d  “ E n v iro n m e n ta l Noise M anage­
m en t”  and of G o t a a s , H . an d  Ga l l é r , W ., “ Biological F ilte r  D esign O ptim ization” .

The stud ies by  F i e t z , K . “ S im ula tion  Models fo r G enetic  C ontro l A lternatives” , an d  
O o s t e l l o , W . and  T a y l o r , H . “ M athem atica l Models o f th e  S terile  M ale Technique of In se c t
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C o ntro l”  exam ine th e  g en etica l an d  p la n t  p ro tec tio n  problem s in v o lv in g  th e  ap p lica tio n  of 
ste rile  males.

The review  of th e  vo lu m e discloses t h a t  ecology is in te rp re te d  by  th e  organ izers on a 
v e ry  w ide scale and  th a t  th e  ecological a p p ro ac h  is useful in  m an y  fields, and  fu r th e r  th a t  
th e  researchers app ly  a h ig h ly  d ivers m a th e m a tic a l ap p ara tu s fo r an a ly sin g  decision  problem s 
(in teg ro -d iffe ren tia l e q u a tio n  system s, m u lti-lev e l program m ing, s to ch as tic  processes, game 
th e o ry , etc.).

No sub ject and  a u th o r  in d ex  is av a ilab le  in the volum e w hich  m akes i ts  use difficult. 
T h is  shortcom ing can be ex p la in ed  by  th e  q u ick  publication . T he la y o u t  is v e ry  fine, the  te x t  
is well readab le , th e  q u a lity  o f th e  figu res is excellent.

I. P r é c s é n y i

L i k e n s , G. E .— B o r m a n , F . H .— P i e r c e , R . S.— E a t o n , J .  S .— J o h n s o n , N . M.. 1977: 
B iogeochem istry  of a F o re s te d  E cosystem . S p r i n g e r , New Y o rk , H e idelberg— Berlin. 
148 pp ., 6 pho tographs, 22 tab les , 31 figures

This book p resen ts a d e ta iled  analysis o f th e  b iogeochem istry o f a n  u n d is tu rb ed  n o rth ern  
h a rd w o o d  forest ecosystem  as th e  w ell-know n “ H u b b a rd  B rood” ecosystem .

A pproxim ately  50 sen io r sc ien tists  a n d  a lo t of g rad u ate  s tu d e n ts  hav e  s tu d ied  the  
H u b b a rd  Brook ecosystem  fo r 15 y ears  to u n d e rs ta n d  the  energy a n d  b iogeochem ical re la tio n ­
sh ip s o f the  forest ecosystem  as com plete ly  as possible in order to  p ropose  sound  lan d  m anage­
m e n t procedures. D uring  th a t  tim e over 200 p u b lica tions have com e a b o u t an d  2 books have 
a p p ea red  so fa r to sum m arize  th e  s tu d ies a t  H u b b a rd  Brook, and  th e  th ird  vo lum e from  this 
w o rk  is p lanned  for th e  fu tu re .

T his book is th e  f ir s t  vo lum e of th is  series. I t  synthesizes n o t on ly  th e  re su lts  ob tained  
in  s tu d y in g  the  b iogeochem ical f lu x  and  in te rn a l cycling of n u trie n ts  in  th e  ecosystem , b u t also 
calls  a tte n tio n  to  th e  d iffe ren t m eth o d s ap p lied  an d  m ethodical p ro b lem s, as well as em phasiz­
in g  th e  usefulness of the  “ sm all w atershed  tec h n iq u e ” , which allow ed m easu rem en t o f inpu t 
a n d  o u tp u t  of chem icals an d  th e  c o n stru c tio n  of ecosystem  n u tr ie n t b u d g e ts .

T he ecosystem  stu d ied  is a w a tersh ed  or d ra inage area, w ith in  i t  th e re  are 6 ad jacen t, 
sm a ll w atersheds w ith  s im ilar v e g e ta tio n  an d  geology and th e  sam e c lim ate . T hese sam ple 
a re a s  p rov ided  a possib ility  fo r rep lica tio n  as all v eg eta tion  on 2 w a te rsh ed s  of th e  eco­
sy s te m  were cu t and e x p erim en ta lly  m an ip u la ted  in the late  1960-s. So a co m p arativ e  
s tu d y  of un d istu rb ed  an d  p e r tu rb e d  ecosystem s as well, could be  done. T he in v estig a ­
tio n s  b eg an  in 1963, and  since th e n  m an y  th o u sa n d s  of d a ta  hav e  b een  collected , which 
show ed seasonal and y ear to  y e a r v a ria tio n s  in biogeochem ical f lu x  o f w a ter and n u trien ts . 
So re liab le  generalizations, p red ic tio n s  could be m ade  from  the  lo n g -te rm  analysis аз well as 
fro m  th e  ecosystem  m odel.

T his book consists of 8 ch ap te rs . T he f i r s t  one deals w ith th e  H u b b a rd  B rook ecosystem  
a n a ly s is  w ith  the develo p m en t o f an  ecosystem  m odel. This m odel w as app lied  to  describe 
th e  in p u t  and o u tp u t of f lu x  a n d  cycling of w a te r  an d  nu trien ts  across th e  ecosystem ’s b o u n d ­
aries an d  w ith in  th e  ecosystem . I t  was assum ed, th a t  in p u ts  and o u tp u ts  are  m oved by  m étéoro­
logie, geologic and biologic v ec to rs , an d  the  n u tr ie n ts  occur in 4 basic co m p a rtm e n ts , which 
are  th e  following: 1. a tm o sp h e re , 2. liv ing  an d  d ead  organic m atte r , 3. av a ilab le  n u tr ie n ts  and
4. p r im a ry  and secondary  m inerals . In  th e  end th e  organic, availab le  n u tr ie n t an d  soil and 
ro c k  m in eral co m p artm en ts  th ro u g h  ra te  processes including decom position  of o rgan ic  m a tte r , 
leach in g  and  ex udate  from  th e  b io ta , n u tr ie n t u p tak e  by the  b io ta , w eath e rin g  of p rim ary  
m in e ra ls , and form ation  of new  secondary  m in erals were linked as th e  in tra sy s te m  cycle of 
th e  te rre s tr ia l ecosystem .

B ecause the  ecosystem  stu d ied  com prises w atersheds, the  second a n d  th e  th ird  chap ters  
p ro v id e  deta iled  in form ation  on  th e  hydro logy  an d  th e  p recip ita tion  a n d  s tre am  w ater chem istry . 
P re c ip ita tio n , stream flow , ev ap o ra tio n  and  tra n sp ira tio n  were m easu red  co n tinuously  and 
w eekly  sam ples of p re c ip ita tio n  and  s tre am  w a te r  were collected a n d  chem ically  analysed  
fo r a ll th e  ions. I t  is em phasized , th a t  th e  m étéorologie in p u t w as s tro n g ly  influenced  by 
h u m a n  m anipu lations. I t  is illu s tra te d  chiefly  b y  m easuring acid ity  o f p re c ip ita tio n . I t  was 
e s tab lish e d , th a t  S po llu tion  a n d  n itra te  c o n ce n tra tio n  have increased in  th e  ra in  and  snow  w ith in  
th e  la s t  10 years caused by  in d u s tr ia l w orks an d  in te rn a l com bustion  engines. To describe 
ch an g es in  s tream  w ater ch em istry  a m odel h as been developed, w h ich  could  p re d ic t quite  
p rec ise ly  chem ical changes in th e  s tream  w a te r a n d  th e  relationships o f m ass n u tr ie n t  o u tp u t 
to  a n n u a l stream flow  w ith in  th e  u n d is tu rb ed  w a tersh ed  ecosystem . B u t w hen  th e  w atershed  
w as d e fo rested , the  m odel w as also com plete ly  w rong . Among o thers th is  also in d ica tes , th a t  
th e  re g u la tin g  effects, the  chem ical con tro l o f ecosystem s are very  im p o r ta n t.
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N u tr ie n t b u d g e ts  fo r dissolved ions for th e  H u b b a rd  B rook  w atersheds are e lab o ra ted  
in c h ap te r  four. I t  was d e te rm in ed  from  the  difference be tw een  chem ical in p u t per h ec ta re  
an d  geologic o u tp u t  (o u tp u t in stream  w ater) per h ec tare . I n p u t  was calculated  fro m  th e  
p ro d u c t o f th e  ionic co n ce n tra tio n  (mg/1) and th e  vo lum e (lite rs) o f  w a ter as p rec ip ita tio n . 
O u tp u t was calcu la ted  as th e  p ro d u c t of the  volum e (lite rs) of w a te r  d ra in ing  from  th e  w a ter- 
ecosystem  and its  ionic c o n cen tra tio n  (mg/1). B udget for all o f th e  ions and substances w ere 
m easu red , and a n n u a l in p u t — o u tp u t budgets , seasonal and  m o n th ly  varia tions of it were 
also given.

T he follow ing c h a p te r  deals w ith  the  prob lem s of w eath e rin g , an d  the  to ta l geochem ical 
cycle of some e lem ents a re  illu stra ted  in the  6 th  c h ap te r . E specia lly  th e  la tte r  shows th e  in te r ­
ac tio n  of the  h y d ro lo g ic -n u trien t cycle and th e  fo res t ecosystem , an d  strongly  po in ts a t  th e  
role of con tro lling  th e  ecosystem . N u trien t b u d g e t of ab o v eg ro u n d  and  below ground liv ing  
b iom ass, fo res t floor ( litte r , soil), m ineral soil an d  rock  and  e lem en t fluxes in bu lk  p re c ip ita ­
tio n , n e t gaseous u p ta k e  an d  im pact of aerosols, litte rfa ll, tran s lo c a tio n , th ro u g h fa ll an d  
stem flow , ro o t e x u d a tio n , ro o t litte r , n e t m ineraliza tion , u p ta k e , hydrologic  export, w e a th e r­
ing were in v estig a ted  in  d e ta il.

F ina lly , th e  o rig ina l d a ta  from  the  N o rth e rn  H ardw ood  E co sy stem  a t H u b b a rd  B rook 
w ere com pared w ith  d a ta  from  o th er forested ecosystem s in th e  w orld  and the  m ost im p o r ta n t  
re su lts  and  th e  general conclusions were sum m arized .

T his book is im p o r ta n t  theo re tically  an d  also from  a p ra c tic a l po in t of view. I t  is v e ry  
useful b o th  to  th e  sc ien tis ts  concerned w ith  th e  th eo ry  of b iogeochem ical cycles and th e  s t ru c ­
tu re  and fu n c tio n  of fo res ted  ecosystem , and to th e  land-use  sp ec ia lis ts , too.

The lay o u t of th is  book  is exem plary  an d  th e  illu s tra tio n s  in  i t  are excellent. All o f the  
tab le s  and  th e  figu res a re  v ery  dem onstra tive .

F ina lly , a  v e ry  v a lu ab le  list of references includ ing  m ain ly  th e  studies on th e  H u b b a rd  
B rook  ecosystem  can  be found .

К .  V IRÁ GH

P a t t e n , B. C. (ed.) (1971, 1972): System s analysis and  s im u la tio n  in ecology Vol. I .— II .  
A cadem ic Press, New Y ork  607 pp , 595 pp

M odeling, s im u la tio n  and  system  analysis h av e  gained m ore  and more im p o rtan ce  in 
ecology la te ly . T h ey  o rig in a te  from  physical an d  engineering  sciences and  seems to  be a u sefu l 
too l for so lv ing  som e p ro b lem s in ecology. A wide sp ec tru m  of th ese  problem s and ap p ro ach es 
to  solve th em  can  be fo u n d  in th e  four volum es (Yol. I I I .  and  IY . will be reviewed in th e  n e x t 
issue).

E ach  volum e co n ta in s a list of the  co n trib u to rs  (w ith  th e ir  addresses), a general in d ex  
an d  th e  co n ten ts  of th e  p reced ing  volum es. The sep a ra te  v o lum es are bu ilt up of a few  p a rts , 
each  con ta in ing  several ch ap te rs  and a sh o rt su m m ary  of th em . E ach  chap ter is an  orig ina l 
w ork  w ritte n  b y  severa l au th o rs  and has its ow n reference lis t. The works are o f d iffe ren t 
size and  w e ll-illu s tra ted  b y  tab les, graphs, m aps, co m p u te r p ro g ram  details, e tc. T he top ics 
of th e  sep ara te  c h ap te rs  v a ry  in  wide range from  in tro d u c tio n  to  m odeling to ap p lica tio n s and  
p rospects , an d /o r new  theories. The m odels described are a t  d iffe ren t stages of develo p m en t, 
b o th  in  theo ry  an d  in  o p erations. T h a t is easy to  u n d e rs tan d , as th e  approaches to  develop 
a  m odel, th e  aim s of a m odel, th e  degree of ab s trac tio n , th e  field -w ork , etc., depend  on  th e  
n a tu re  of th e  s ta r tin g  p rob lem , so solution ran g es over a large  scale. Therefore a un ifo rm  t r e a t ­
m en t of the sub ject “ ecosystem  m odeling” is im possibile and  m eaningless. In  the  fo u r vo lum es 
we can  f in d  num erous w ays of ab strac tio n , m odel bu ild ing , e tc . As th e  volum es are n o t co m p re­
hensive  wholes, th e  ch ap te rs  are separa te  w orks h av in g  p a r ts  in  com m on chiefly  in th e ir  
in tro d u c tio n s  an d  th eo re tic a l fu ndam en ta ls. So review ing w ould  en ta il rep e titio n  an d  o v e r­
lapp ing , and  w ould req u ire  a lo t of space. T herefore  th e  rev iew s of the separa te  c h ap te rs  
v a ry  in size and  d e ta il.

V olum e I.

I t  consists o f th ree  p a rts .
P a r t  I.

T his sec tion  g ives a sho rt in tro d u c tio n  to  m odeling in  tw o chapters.
The f ir s t  c h a p te r  gives a b rief and e lem en tary  in te rp re ta tio n  of a system , th e  s ta te  of 

a sys tem , and  som e ty p es  of popu lation  an d  ecosystem  m odels (e.g. population  c o m p e titio n .
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feed b ack , block d iag ram , c o m p artm en t m odels, e tc .) . I t  also trea ts  th e  e lem en ts of analog 
a n d  d ig ita l co m p u ta tio n , an d  com parison  o f th em . T his is connected w ith  a n  in tro d u c tio n  to 
th e  p ro g ram  languages F o r tra n  IV and  s/360 CSM P. T he te x t is well i llu s tra te d  w ith  exam ples.

C hapter 2 p resen ts  a  ra tio n a le  for ecological m odel-build ing  used as a n  exam ple a pine- 
m oore  food web. W e can  know  th e  steps o f m odel bu ild in g  discussed in  d e ta il, th e  d ifference 
b e tw een  non-dynam ic an d  dynam ic s ta te  v a ria b le s , th e  m ain  outlines o f lin ea r and  non-linear 
sy s te m  analysis.

P a r t  II .
I t  t re a ts  one-species m odels in  th ree  ch ap te rs .
C hapter 3 deals w ith  th e  m a th e m a tic a l an a ly sis  of a m icrobial p o p u la tio n , b o th  in  

c o n tin u o u s  and b a tc h  cu ltu res .
C hap ter 4 p resen ts  th e  s tu d y  of th e  b io en erg etics of A rm a d illid iu m , a te r re s tr ia l  isopod. 

I t  app lies concepts from  contro l th eo ry , an d  th e  tran s fe r  function  tec h n iq u e  of classical 
d y n a m ic  analysis.

C hap ter 5 is a b o u t a s tu d y  on th e  en erg e tic s o f th e  fish M icropterus salmoides based  
on  la b o ra to ry  ex p erim en ts. A co m p u te r m odel o f v a rio u s ways by w hich  th e  p re d a to r dissi­
p a te s  energy was developed. The idea of a n a ly s in g  th e  film ed feeding sessions is v e ry  in te re s t­
ing . T his is a new possib ility , w hich can  be used  to  connect ethological s tu d ie s  w ith  com pu­
te r  analysis.

P a r t  I I I .
T his section  co n ta in s five ch ap te rs . T h ey  show  various aspects an d  ph ilosophies of 

s im u la tio n  of d ifferen t ecosystem s.
C hap ter 6 gives a general p o p u la tio n  m odel a t  single-species level. A ccord ing  to  th e  

a u th o r ’s opinion, th e  b eh av io r of a big sy s tem  can  be m im icked by  com bin ing  d e ta iled  su b ­
m odels. These concepts a re  discussed in th e  p ap er.

C hapter 7 p re sen ts  a n u m b er of p ro b lem s in  ecosystem  sim u la tio n , e.g. sim u la ting  
te m p o ra l f lu c tu a tio n s , q u an tify in g  energy  an d  m a te ria l flows, com prom ising  m ath e m a tic a l 
p e rfe c tio n  to d a ta  im perfec tions, e tc ., based  on th e  s tu d y  of a c ry p to zo an  co m m u n ity  of 
th e  fo res t floor.

In  C hap ter 8 th e  a u th o rs  t re a t  th e  q u estio n , w he th er the  new er m eth o d s of system  
ecology can  be used  in connection  w ith  th e  o lder d a ta  an d  observations of tra d itio n a l synecology.

In  th e  las t tw o ch ap te rs  (9 and  10) we can  see th e  process of m odel b u ild in g  and  develop ­
ing  from  th e  sim plest one to  the  m ost p ro p e r one, follow ing the  steps o u tlin e d  in C hap ter 1. 
T he f in a l m odel c o n stru c ted  by  th e  a u th o r  (in  C h ap te r  10) has more of a pedagog ica l value , 
th a n  an  an a ly tica l one, p resen tin g  th e  successive levels of m odel build ing  in  de ta ils  a n d  well 
d iscussed . The w ork is based  on the  classical w orks o f L i n d e m a n .

V olum e I I .

T he second volum e co n ta in s 12 c h ap te rs  g ro u p ed  in four parts.

P a r t  I.
T he single ch ap te r  in P a r t  I. is an  in tro d u c tio n  to  system  science, b u t  is n o t iden tica l 

w ith  P a r t  I. in Vol. I ., h av in g  new  questions, such  as th e  role of the  observer, ch a ra c te riz a tio n  
of o b jec ts , e tc . Of course, th ere  is some o v e rlap p in g , too .

P a r t  I I .
Tw o chap ters  are in c luded  in it. T hey  t r e a t  tw o  k inds of analysis, th e  sen sitiv ity  a n a l­

ysis a n d  th e  frequency  one, C hap ter 2 an d  3, re sp ec tiv e ly . The form er is o u tlin e d  b riefly , th e  
la t te r  is ou tlined  in a m ore de ta iled  form .

P a r t  I I I .
T he five ch ap te rs  p resen ted  in th is  p a r t  re p re se n t consisten t and basic  se ts of form al 

ch ara c te riz a tio n s  of som e m ain  them es in system  ecology. T hey are ‘’th eo re tica l”  an d  so w ould 
seem  to  be prosaic and  a b s tra c t,  and in som e cases d ifficu lt to read. B u t, th ey  are essentia l 
for u n d e rs tan d in g  th e  p rob lem s and for bu ild in g  usefu l m odels.

In  C hap ter 4 th e  sym bolic language used  fo r describ ing  energy system s is p resen ted . 
T his lan g u ag e  com bines energy  laws, p rincip les o f k in e tics , some philosophical te n e ts  of elec­
tr ic a l system s.

C h ap te r  5 deals w ith  th e  feasib ility  of several n o n lin ea r fo rm ulations in co m p a rtm e n t 
m odeling  of ecosystem s. I t  in v estig a tes  w h e th er a m ath e m a tic a lly  and ecologically sa tis fac to ry
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stead y  s ta te  does ex is t h av in g  all co m p artm en ts  and  flows real, p o sitive  and final v a lu es. 
N o t all non linear sy s tem s can  serve as a m odel for n a tu ra l sy s tem s as i t  is ind icated  here.

C hapter 6 concerns th e  connectiv ity  in system s. In  an  ecological co n tex t it m eans th e  
prob lem  of food w ebs. T h e  th eo ry  of m a th em a tica l g rap h s is used  to  in v estig a te  the  c h a ra c ­
teristics o f food w ebs ( th e  m ax im u m  num ber o f links in a web, th e  m ax im u m  length  of a  ch a in , 
th e  tro p h ic  p a r ti t io n , subw ebs, etc.).

C hap ter 7 ta k e s  u p  th e  im p o rta n t to p ic  of ecological n iche, one of the  m ost e lusive  
concepts in ecology. T he s tu d y  approaches th e  prob lem  of ecological niche from  the  p o in t of 
b ird  h a b ita t  selection. T he goal was to develop and  u tilize a q u a n tif iab le  geom etric niche m odel 
of species. T hree  niche m easu res were used , th e  m easure  of realized  niche, and two m easu res 
o f fu n d am en ta l n iche, t h a t  is th e  niche w id th  and  th e  niche o v erlap . These m easures w ere 
used to co n stru c t niche p a tte rn s .  The ab ility  o f th e  niche p a tte rn  co ncep t to  characterize  th e  
niche s tru c tu re  suggests a  w ider app lication . H y p o th e tica l niche p a tte rn s  were c o n s tru c ted  
to  com pare several com m unities.

P a r t  IV.
F ive ch ap te rs  a re  included  in  th is section. T hey  p re sen t som e possibility of sy s te m  

ecology applications.
C hapter 8 deals w ith  th e  prob lem  of fisheries. The m a te ria l o f th is  chap ter su g gests 

th a t  th e  m ethods of sy s te m  analysis are p o ten tia lly  valuab le  fo r a b e tte r  un d erstan d in g  and  
so lu tion  of th e  p rob lem s of fishery .

In  C hap ter 9 th e  a u th o r gives a rev iew  of th e  cu rre n t s ta tu s  of com puter s im u la tio n  
m odeling in app lied  ecology. There area lo t of exam ples w ith  biological or w ith bioeconom ical 
goals, chiefly from  th e  to p ic  of fishery.

C hap ter 10 is d ev o ted  to  uses of system  concepts and  m eth o d s  in courtroom  e n v iro n ­
m en ta l defences. T he d iffe ren t w ays th a t  sy s tem  stud ies can  be  used  in court ac tio n  are  
b ro u g h t out.

C hap ter 11 t r e a ts  system  ecology and  th e  fu tu re  of h u m an  society. Man is t ie d  to 
a global ecosystem  a n d  p lan n in g  for su rv iva l m eans fin d in g  w ays to  handle  the  co m p lex ity . 
M uch of th e  c h ap te r  is d ev o ted  to th e  CALSIM  (C alifornia S im u la tio n ) p ro ject, a team  s tu d y  
to  explore th e  feasib ility  o f developing a m odel of social econom ic an d  écologie aspects o f th e  
s ta te  of California.

In  C hap ter 12 th e  b rie f  h isto ry  and  c u rre n t s ta tu s  of ecological m odeling are rev iew ed  
and  th e  g row th  of in te re s t  and  ac tiv ity  are s ta te d  and  d o cu m en ted . T he tren d  from  in d iv i­
dual efforts to in te rd isc ip lin a ry  team s is in d ica ted . M oreover a few  “ n ex t g enera tion”  eco- 
inodels are o u tlin ed , as well. Of p a rticu la r  in te re s t is th e  ex ten sio n  o f ecology to th e  sp h eres 
of h u m an  p e rso n ality  a n d  in terac tions. The a u th o r regards ecology as a valid  perspec tive  on  
all large m a n -n a tu re  system s.

J .  N . N ő s e k
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ACTA B O TA N IC A
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Резюме

З А М Е Ч А Н И Е  О К У Б И Н С К И Х  A C A N T H A C E A E  I. O P L O N IA  И E L Y T R A R IA

А. БОРХИДИ, О. МЮНИЦ

В настоящей работе обсуждаются некоторые таксономические проблемы рода 
Oplonia  R af, дается новый ключ к определению растений этого рода, а также описывается 
4  новых вида И 1 подвид (О. moana  sp. n ., О. cubensis sp. п., О. m ultigem m a  sp n ., О. А сипае  
sp. n ., 0 . spinosa  ssp. insularis  ssp. n.) и дается дополнительное описание некоторых видов 
О. nannophylla  (U rb .) S te am ., О. tetrasticha (W r. ex Griseb.) S tearn ., O.polyece (S tearn ) B orhid i. 
Во второй части статьи находится ключ к определению кубинского рода Elytraria  M ichx., 
а также описание двух новых видов и одного нового подвида (Е . spathulifo lia , sp . n ., Е. 
f il ic a u lis  sp. n ., E. p lan ifo lia  ssp. A cunae  ssp . n.) И в конце описывается ВИД S tenandrium  (S . 
heterotrichum  sp. n.)

СУПРАИНДИВИДУ АЛЬНАЯ ГОМОГЕННОСТЬ ФОТОСИНТЕТИЧЕСКИХ 
ПИГМЕНТОВ. УЧЕНИЕ О СТРУКТУРЕ СООБЩЕСТВА

Г. ФЭКЭТЭ, 3. ТУБА

Авторы исследовали содержание фотосинтетических пигментов (хлорофилла и каро­
тиноида) на трех уровнях в лесу Quercetum petraeae-cerris. Разделение пигментов произ­
водилось методом тонкослойной хроматографии. Вместе с видовыми-индивидуальными 
образцами авторы анализировали и супраиндивидуальные образцы видов, составля­
ющих уровни. Цель: можно ли считаться с регуляцией, действующей на супраиндиви- 
дуальном уровне, которая влияет как гомогенизатор на биохимическую структуру. Взятие 
образцов происходило в четырех повторностях, как из видов, так и из смешанных образ­
цов. Оценка полученных данных основывалась на отклонении данных, вернее на сходстве 
повторностей и на разнообразии пигментов.

На основе отклонения общее содержание хлорофилла в кустарниковом и травяни­
стом уровне более гомогенное, чем у их компонентов (видов), а лиственная крона де­
ревьев занимает промежуточное место между двумя видами дуба. На основе релятивной 
фреквенции шести пигментов (хлорофилл а, хлорофилл б, каротин, лутеин и антераксан- 
тин вместе, виолаксантин, неоксантин) полученные эвклидные расстояния показывают, что 
крона листьев и травяной уровень, как супраиндивидуальная единица более гомогенная, 
чем отдельные компоненты. Если примем во внимание, выраженное формулой Shannon 
разнообразие пигмента, тогда все три уровня более гомогенны, чем отдельные виды. Верх­
ний и нижний уровень леса, а в особенности фиксированная пигментная структура 
травяного уровня говорит о гомеостазе, который супраиндивидуально регулируется.

ВИДОВОЕ РАЗНООБРАЗИЕ ВОДОРОСЛЕЙ В ДВУХ РЫБНЫХ ОЗЕРАХ 
II. ЧАСТЬ. НЕ ВИДОВОЙ УРОВЕНЬ

Л. ХАЙДУ

Программа разнообразия, проведенная гипотетическим набором данных подтвер­
дила, что большая часть индексов очень чувствительна к величине образца, и это значит, 
что для алгологии не подходит. В дальнейшем автор использовал только H', J, S. В статье 
дается объемная биомасса видов водорослей. Разнообразие, вычисленное из данных инди­



видуальных и объемных коррелирует в неудобренном озере, а в удобренном озере нет 
корреляции. Этот последний факт — более низкая равномерность — произошел в первую 
очередь из-за данных абсолютно доминантного вида. Разнообразие, вычесленное из объем­
ных данных еще более отстало от возможности максимума, что было замечено у индиви­
дуальных данных, и эта тенденция более выражена в удобренном озере. Озера богаты этим 
родом (на один род приходится 2,3 инфрародовых таксонов), и поэтому разнообразие сте­
пени рода в основном не отличалось от видовой. Однако, на уровне дивизии была отмечена 
значительная потеря информации. Вместе с разнообразием всех водорослей единственно 
только доминирующее квантативно разнообразие дивизии Chlorophyta  коррелировало 
сигнификантно.

ТЕРАТОЛОГИЧЕСКИЙ АППАРАТ ГОЛЬДЖИ В КЛЕТКАХ МЕЗОФИЛЛА ЛИСТА
SINAPIS ALBA

И. ХОРВАТ, М. БОЛДОЦКИ

Авторы изучали электронномикроскопическую структуру среза мезофилла листа 
белой горчицы, которая отличается от известной структуры клеточных органелл. Растения 
были в возрасте 5 недель, препарат был изготовлен из 6 листьев. Фиксация производилась 
в ОвО^глютаральдегиде. Структуру можно было хорошо определить, она состояла из 
тубулусов и везикулумов и исключала артэфакты. По структуре, размеру и из-за отсут­
ствия рибосом можно предположить, что структура аппарата Гольджи имеет деформиро­
ванную и тератологическую форму.

ОРГАНИЗАЦИЯ СТРУКТУРЫ И СВЯЗЬ МЕЖДУ НЕКОТОРЫМИ ОРГАНАМИ У 
ВЕНГЕРСКИХ ВИДОВ GENTIANA

Ю. СУЙКО-ЛАЦА, СУБИР СЕН

В предыдущих статьях авторы (Суйко-Лаца, Сен 1976) выяснили, что в Венгрии 
произрастает три вида G entiana (G. asclepiadea, G. cruciala , G. pneum onanthe). В данной 
статье авторы изучали композицию этих трех видов, а также объемное отношение 
и распределение отдельных органов. Таксономические описания относятся к цветущим, 
но не совсем развитым экземплярам (Фролих 1786, Гризебах 1839, 1843, Кузнецов 1896) 
так, как в случае видов G. crucia ta  и G. pneum onanthe  тоже отсутствует описание боковых 
побегов. У G. cruciata на главных побегах в акропетальном порядке развиваются и 
боковые побеги, считая с половины время цветения (около трех месяцев, растение с 
множеством побегов). В случае G. pneum onanthe  появление боковых побегов возможно. 
Длина междоузлий показывает нормальное распределение у G. cruciata  и у G. asclepiadea 
у  G. pneum onanthe  междоузлия растущие-уменьшающиеся, потом снова растущие-умень- 
шающиеся. Между числом узлов и длиной побегов у G. ascleepiadea и G. cruciata a y  G. 
pneum onanthe  между изменением числа длины междоузлий и длиной побегов имеется 
позитивная сигнификантная корреляция. Подобным позитивно коррелирует друг с другом 
логарифм длины главного побега и бокового побега у G. cruciata. В корреляции друг с 
другом находятсязначение длины влагалища листа и порядковый номер узлов у G. cruciata. 
Появление боковых побегов G. cruciata показывает большое разнообразие и низкую 
эквитабильность по порядковому номеру узла. Значение фреквенции длины побега пока­
зывает более высокую степень разнообразия У G. asclepiadea, чем у G. cruciata. G. pneum o­
nanthe  выделяется высокими оценками разнообразия и эквитабильности числа узлов, не­
сущих цветы.

ИССЛЕДОВАНИЕ ВЕРТИКАЛЬНОЙ СТРУКТУРЫ ПИГМЕНТА В ЛЕСУ ИЗ 
БУРГУНДСКОГО ДУБА (QUERCETUM PETRAEAE-CERRIS)

3. ТУБА

Автор исследовал вертикальное разделение фотосинтетических пигментов хлоро­
филла и каротиноида внутри ценоза на территории стационара «Sikfőkút Project» на 
уровне трех главных продуцентов. В сообществе нашли хорошо выраженное вертикаль­



ное разделение пигмента. Для вертикальной пигментной структуры лесного сообщества 
характерно, что на самом низком уровне ценоза, в связи с понижением количества света, 
проникающего вертикально вниз, имеются высокие величины концентрации хлорофилла и 
каротиноидов. Понижение отношения хлорофилла а и б на кустарниковом уровне и на 
травянистом уровне по отношению к лиственной кроне возможно находится в связи со 
спектральным изменением света при проникновении его с высшего уровня. Среди главных 
уровней продуцентов самое большое количество пигмента (выраженного в кг) LAI лока­
лизируется в кроне листьев, в то время как в кустарниковом уровне летом, а в травяном 
уровне —осенью находится большое количество пигмента.

АНАТОМИЯ ДРЕВЕСИНЫ BOMBACOPSIS CUBENSIS A. ROBYNS 
(BOMB АС АСЕ АЕ) И MAGNOLIA CUBENSIS URB. SSP. CUBENSIS (MAGNÓIT ACE AE)

M. A. ВАЛЕШ, к. БАБОШ, A. БОРХИДИ

В статье даются данные по анатомии вторичных ксилем двух кубинских эндеми­
ческих пород древесины. Авторы дают некоторые морфологические и экологические дан­
ные этих видов.

ВЛИЯНИЕ КСЕНОБИОТИЧЕСКОЙ ИНТЕРАКЦИИ НА КСЕНОБИОТИКИ 
И ПОЧВЕННУЮ МИКРОБИОТУ VI

СИМБИОЗ РИЗОБИУМА И ЛЮПИНА И КОМБИНАЦИИ ГЕРБИЦИДОВ
М. КЕЧКЕШ, Ф. БОРБЕЙ, И. БОРБЕЙ

Авторы исследовали влияние 108 гербицидов их комбинаций на образование корне­
вых клубьекову L u p in u s  albus в богатых ризобием культурных экосистемах. Обыкновенно 
макросимбионт был более чувствителен к гербицидам, чем микросимбионт. Подавление 
симбиоза L u p in u s  albus— Rhizobium lu p in i  начался в главных корнях и проявился в 
уменьшении корневых клубеньков, в их размерах и количестве. Комбинации из 
K a rm e x — A falon-Sadecid  привели к хорошим результатам с точки зрения химического 
уничтожения сорняков В культурах L u p in u s  albus.

СВЯЗЬ МЕЖДУ ХАРАКТЕРИСТИКАМИ АНАЛИЗА РОСТА У ГИБРИДОВ 
КУКУРУЗЫ И СОРТАМИ САХАРНОЙ СВЕКЛЫ 

И. ПРЕЧЕНЬИ

Автор провел «principal component» анализ между характеристиками анализа 
роста (R G R , N A R , L A R , RLGR, L A I ,  CG R  и эффициенции), на основе корреляционного 
матрикса с двумя генетически различными гибридами кукурузы (D K X L -3 4 2  и O S S K -2 1 8 )  
(  B eta p o ly  М /102  и Каизетопо) и двумя сортами сахарной свеклы. Цель этих исследова­
ний: возможно ли выявить такой фактор, на который одинаково реагируют характеристики 
анализа роста двух культивированных растений, произрастающих в различных условиях. 
Вернее возможно ли найти такой фактор, который характерен только для отдельных 
видов. Первый компонент гибридов кукурузы содержит такой фактор, который одинаков 
для них. Это можно считать общим фактором. Второй компонент разделяет гибриды, это 
генетический фактор. Так как фактор, находящийся в первом компоненте не разделяет 
генетически различные гибриды и отличается от обнаруженного до сих пор у сахарной 
свеклы фактора, можно считать, что он характерен для кукурузы. Точно также у видов 
сахарной свеклы первый компонент может содержать фактор, характерный для сахарной 
свеклы. У сортов сахарной свеклы нет разделяющего фактора. Знаки вес RGR, R L G R , R G R , 
N A R  и эффициенции одинаковы для некоторых компонентов у обоих растений (исключая 
один случай с гибридами кукурузы). Фактор влияющий на RGR, одинаково влияет на R L G R  
и наэффициенцию, фактор, влияющий на N A H  также влияет назффициенцню. L A R  и L A I  у  
растений противоположно влияет на все факторы, их никогда невозможно найти на одина­



ковых местах оси. Выше упомянутый факт говорит о сходстве между различными расте­
ниями. Кажется, что несмотря на то, что автор работал с растениями, произрастающими в 
различных условиях, имеются такие факторы, на которые одинаково реагируют характе­
ристики анализа роста. Д ля оценки результатов надо принимать во внимание то, что эти 
результаты действительно только в выбранной системе.

ПРИМЕНЕНИЕ АНАЛИЗА NICHE ДЛЯ НЕКОТОРЫХ ВИДОВ 
ПЕСЧАННОСТЕПНЫХ АССОЦИАЦИЙ III 

ИЗУЧЕНИЕ NICHE OVERLAP С ПОМОЩЬЮ АНАЛИЗА CLUSTER
И. ПРЕЧЕНЬИ, Г. ФЕКЕТЕ, Э. МЕЛКО, Э. МОЛЬНАР

Авторы изучали летом и осенью n iche-overlap  у девяти травянистых видов песчанно- 
степных ассоциаций в двух измерениях niche (влажность почвы, глубина корней, вернее 
комбинацию этих измерений). Эта статья предлагает дальнейшее анализирование overlap  
с введением анализа c lu s te r  Для оценки overlap авторы используют эвклидное расстояние 
между видами, (chord  d is ta n c e , d), вернее формулу (2-d-) (Орлоци;1967). Анализ c lu s te r 
проводился на основании av era g e  linkage c lu s te rin g . Летние и осенние дендрограммы 
можно сопоставить друг с другом: между ними сходство больше по сезональности и 
влажности почвы, а по глубине корней сходство меньше, комбинирование факторов 
занимает промежуточное место. Дендрограммы также свидетельствуют о более раннем 
определении авторов, что картина overlap при комбинировании факторов стоит ближе 
к картине overlap глубины корней.

СИСТЕМАТИЧЕСКИЕ-НОМЕНКЛАТУРНЫЕ ПРИМЕЧАНИЯ К КРИТИЧЕСКИМ 
ТАКСОНАМ СРЕДНЕЕВРОПЕЙСКОЙ ФЛОРЫ

Р. шоо

Автор, продолжая свои ранние исследования (A cta  B ot. H u n g . 1963—1971, A nnal. 
U n iv . B udapest Sect. B iol. 1964—1972 с сотрудниками и Feddes R ep e to riu m  1972, 1974) 
сообщает новые систематические-номенклатурные данные, полученные при составлении 
6 тома, S ynopsis .. .  F lo ra e  V egetation isque H u n g á riáé . Можно отметить: новую системати­
ческую оценку экотипов, обзор некоторых критических форм или агрегатов, в особенности 
Принимая во внимание группы Jovibarba hirta , F ra x in u s  angustifolia, Leucanthem um  vulgare, 
Scilla bifolia и т. д.
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O rders m a y  be p laced w ith  “ K u ltú ra ”  F o re ign  T rad in g  C om pany  (1389 B udapest; 62, 
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Les A cta  B o tan ica  p a ra issen t en  fran ça is , a lle m a n d , anglais e t  ru s se  e t  p u b lien t d e s  
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