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NEW NAMES AND NEW SPECIES 
IN THE FLORA OF СЕВА RESP. ANTILLES

Hy

A. B O R H ID I an d  Z . K e RESZTY

RESEARCH INSTITUTE FOR BOTANY, HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT 

(R eceived  20 J a n u a ry ,  1979)

A lis t of necessary  n o m en c la tu ra l changes concern ing  th e  flora  o f  C uba, som e 
new  co m binations, a new  rev ised  an a ly tica l key  fo r c lassify ing  th e  C uban species o f the  
genus Ternslroem ia (Theaceae) an d  c ritica l rem ark s  on  som e A ntillean  ta x a  o f Gesneria- 
ceae; th e  ty p e  specim ens of som e recen tly  p u b lish ed  new  ta x a  of th e  gen era  H arpalyce  
( Fabaceae), A m y ris  (Rulaceae), B anara  and  X y lo sm a  ( Flacourtiaceae) a re  re p o rte d . 
A critica l revision  of th e  G uapira rufescens (G riseb .) L u n d ell (N yctaginaceae) — w ith  
desc rip tio n s o f two species an d  tw o v arie tie s  new  to  science.

In troduction

T he  tax onom ica l  re su lts  pub lished  d u r in g  th e  las t  10 years concern ing  
th e  flo ra  of  th e  C aribbean  regions, especially th e  excellen t new F lora  o f  J a m a ic a  
by  A d a m s  (1972) revised v e ry  carefully  from  a nom en c la tu ra l  p o in t  o f  view 
(with th e  co llabora tion  of  T. W. S t e a r n ) an d  som e im p o r ta n t  m on o g rap h ic  
s tud ies  necess i ta ted  rec t i fy in g  th e  n o m e n c la tu ra l  m istakes and th e  o u tw o rn  
nam es app lied  in the  F lo ra  o f  C uba  anil in o th e r  w orks  concerning th e  s u r r o u n d ­
ing A n ti l lean  areas. M oreover a few critical re m a rk s  have  to  be m ad e  on some 
m onograph ic  studies  as well. A dd it iona lly  th e  ho lo type  sheets o f  recen t ly  
described  species of th e  genera  Harpalyce (Fabaceae), Behaimia (Fabaceae), 
A m y r is  (Rutaceae), Ternslroemia (Theaceae), X y lo s m a  ) Flacourtiaceae) a n d  Ges- 
neria  (Gesneriaceae) a re  also shown in photos.

Potamogetonaceae

Cymodocea m analorum  A schers. Cym odocea filiform is (K U tz.) Correl, accord ing  to  Co r r e l , 
W rig h tia  4: 74. 1968.

Cyperaceae

Cyperus d iffusus Vahl ssp. to lucensis (K u n th )  B orh id i s ta t.  nov.
B asionym on: Cyperus tolucensis K u n th , Nov. G en. e t  Spec. 1815: 206. S y n .: C. d if­

fu s u s  va r. tolucensis (K u n th )  K ük . in E ngl. C. d iffu su s  ssp. d iffu su s  is a S o u th -A sian  tax o n , 
does no t occur in  the  N eotrop ics.

1 A cta  Iio lanica A cadem iae  Scientiarum  H ungaricae 2 5 , 1979



2 A. BO R H ID I and Z. K E R E S Z T Y

Gramineae

U nio la  virgata  Griseb. =  L eptochloopsis v irgata  (P o ir.)  Y a tes  
Trichachne  insularis  (L .) Nees =  D ig ita ria  insularis (L .) M ez ex E k m an

Palmae

A cco rd in g  to  th e  m o nograph  o f R . W . R ead  [The g enus Thrinax  (P alm ae: Coryphoideae) 
S m ith s . C ontrib . B ot. No. 12. 1 98. 1975] tw o species o f Thrinax  can be fo u n d  in  Cuba:
T h r in a x  w endlandiana  Весе, a n d  T h r in a x  parviflora  a u c t. non Sw. =  T hrinax  ra d ia ta  Lodd. 
ex S c h u lt.
T h r in a x  drudei Весе, an d  T h r in a x  punctu la ta  Весе. =  T h rin a x  m orrisii W endl.
H a itie lla  n iun iz ii (B orh id i) B o rh id i com b, nova

B asio n y m o n : Coccothrinax m u n iz ii  B orhid i in  A c ta  B ot. Acad. Scien t. H u n g . 17: 2. 
1971. T h e  f i r s t  re p o rt o f th e  genus H aitiella  B ailey fro m  C uba.
P seu dophoen ix  sargenti W endl. is rep re sen ted  in C uba a n d  in  th e  G reater A ntilles b y  th e  ssp. 
sa o n a e  (O . F . Cook) R . W . R ead  accord ing  to R ea d  in  G en tes H erb. 10: 204. 1968. 
A crocom ia  arm entalis (M orales) B a iley  — G astrococos c risp a  (H B K ) H. E . M oore acco rd in g  to 
H . E . M oore  P rincipes 11: 121. 1967, and  Gastrococos M orales 1865 is a v a lid  m o n o ty p ic  
e n d em ic  p a lm  genus of Cuba.

Pontederiaceae

P ontederia  cordata L. (C uba); P ro v . P in a r  del R io : R io H o n d o , C andelaria . N ew  to  Cuba.

Orchidaceae

E p id e n d ru m  polybulbon  Sw. does n o t  ex is t in  Cuba.
E p id e n d ru m  polybulbon  au c t. FI. Cub. non Sw. =  E p id en d ru m  cubincola B o rh id i A c ta  Bot. 
A cad . Sei. H ung . 22: 295. 1976.

Piperaceae

P ip er a rb o re u m  A ubl. ssp. s tam in eu m  (M iq.) B orh id i s ta tu s  novus
B asio n y m o n : A rtan the  stam inea  Miq. in H ook . L o n d o n  Jo u rn . B ot. 4: 461. 1845. — 

S y n .: P ip e r  stam ineum  C. DC. in  U rb . Sym b. A n t. 3: 176. 1902; Piper arboreum  A ubl. var. 
s ta m in e u m  (M iq.) Y u n ck er. T his ta x o n  hav ing  a v ic a r ia n t  a rea  in  Jam aica  a n d  C uba is to be 
c o n sid e red  as a subspecies o f P. arboreum  Aubl.

Juglandaceae

Ju g la n s  in su la ris  G riseb. is a d is tin c t endem ic species o f C uba, n o t iden tica l w ith  J .  jam aicensis  
C. D C ., as i t  was suggested  by  M. W a y n e  in  B ritto n ia  12: 1 — 26. 1960 and  a ccep ted  b y  A lain  
H . L i o g i e r  in  Suppl. F lo ra  de C uba 1969: 49. A ccord ing  to  A dams (F lora o f Ja m a ic a  1972) 
J .  ja m a ic e n s is  C. DC. is endem ic to  Jam aica .

Nyctaginaceae

T orrub ia  Y ell. 1825 =  G uapira  A ub l. 1775 according to  L u n d e l l  in W righ tia  4 : 79. 1968 and 
to  L i t t l e  in  P h y to lo g ia  17: 367. 1968. T his re su lted  in  a  n u m b er of n o m en c la tu ra l changes, 
as fo llow s:
T orru b ia  obtusata  (Ja cq .)  B r itt .  =  G uapira  oh tusata  (J a c q .)  L ittle

T . obtusata v a r . brachycarpa  (H eim erl) A la in  =  G uapira  ob tusata  v a r. b rach y carp a  
(H e im erl) A lain

A c ta  B o ta n ic a  A cadem iae Sc ien tia ru m  H ungaricae 25, 1979
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T. obtusata v a r . aberrans (H e im erl) Alain =  G uapira  о lit usâ t a var. aberrang  (H eim erl) 
Alain

Torrubia discolor (S p ren g .) B ritt. G uap ira  discolor (S preng .) L ittle  
Torrubia leonis S tan d i. G uapira leonis (S tan d i.)  L undell 
Torrubia longifolia  (H e im erl) B ritt. =  G uap ira  longifolia (H e im erl) L ittle  
Torrubia bracei B r i t t .  G uapira b racei (B r itt .)  L ittle
Torrubia fragrans  (D um .-C ours.) S ta n d le y  G uapira frag ran s  (D u m .-Cours.) L ittle  
Torrubia insularis  S ta n d le y  G uapira in su laris  (S tan d i.)  L u ndell 
P isonia  rotundata  G riseb. -- G uapira ro tu n d a ta  (G riseb.) L undell 
Torrubia rufescens (G riseb .) B ritt . G uap ira  rufescens (G riseb .) L undell

Guapira rufescens (Griseb.) L undell  s.l.

This species shows a considerab le  v a r iab i l i ty  in th e  m oun ta in s  of  the  
fo rm er Provinces of  Oriente  and  Las  Villas. Л de ta i led  m orphological e x a m in a ­
t io n  based on field and  h e rb a r iu m  studies led to  th e  following resu lts :
1 a Leaves o v a te ,  petiole 1.2— 2.2 cm long (C uba; P rov . o f  Las Villas;

Sierra de E sc a m b ra y ,  endem ic) .........  1. Guapira clarensis Borhidi
h Leaves o b o v a te ,  elliptic to  lanceolate, petio le  up to  1 cm l o n g . . . 2

2 a Tree up to  15— 20 m he ig h t ;  leaves obo v a te  to  s p a th u la te ,  peduncle  up
to 15 m m , inflorescence h a rd ly  ram ified , dense, few-flowered, s tam ens  
6— (7), sh o r t ly  exerted  (C uba;  P rov . of O rien te ,  N o r th  of Oriente)
..............................................................................  2. Guapira ophiticola Borhidi

b Shrubs or l i t t le  trees; leaves  4— 10 cm long, obova te  to  oblong-lan­
ceolate, peduncles  genera l ly  15— 30 m m  long, inflorescence b road ly  
ram ified , m anyflow ered , s tam en s  8— 9, long exer ted  (Cuba; N o r th  o f
Oriente, endem ic) ...................  3. Guapira rufescens (Griseb.) Lundell

aa  Leaves lanceo la te  to ob long-lanceolate, ta p e r in g  into the  apex  (Cuba;
Prov. o f  O rien te : Sierra de Nipe, Sierra de Cristal, endemic) ...................
............................................................................................ v a r .  lanceolatus Borhidi

bb  Leaves o b o v a te  to  ob long-obovate ,  ro u n d ed  at th e  apex  ................. aaa
a aa  Leaves o b o v a te ,  4— 8 cm long, peduncle  20— 30 m m  long, an th o c a rp

taper ing  a t  th e  apex  (C uba; N orth  of  O rien te ,  e n d e m i c ) .............................
...............................................................................................................  va r .  rufescens

bbb  Leaves ob long-obovate ,  7— 10 cm long, inflorescence short  w ith  10— 15 
mm long peduncles, a n th o c a rp  not ta p e r in g  in to  th e  apex  (Cuba; P rov . 
of Oriente: Moa, endemic) ........................................  va r .  m oaensis Borhidi

Guapira clarensis Borhidi sp. n.

A rbor m ediocris, 12 —15 m a lta  (ex  J ack in schaedis). R am i ve te rio res  a lb id o -flav ican tes , 
lo n g itu d in a lite r te n u ite r  s trio la ti, g lab ri, ap icem  versus sq u am u lis  m in u tis  ferrug ineis in d u ti. 
Fo lia  apice ram o ru m  la te ra liu m  b rev iu rn  opposita  vel p le ru m q u e  co nferta , longe e t  crasse
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4 A. B O R H ID I  and Z. KERESZTY

p e tio la ta .  P e tio lu m  1,2 —2,5 cm  lo n g u m  e t 0,7 —1,8 m m  la tu m , s tr ia tu m , su p ra  su lcatum , 
n e rv o  m ed io  in sulco p ro m in en ti, sq u a m u lis  ferrug ineis densissim e to m e n to su m . L am in a  folii 
o v a ta  v e l e llip tica, 3 — 6 cm longa  e t  1,5 — 2,8 cm la ta ,  sub  m edio la tiss im a , basi o b tu sa  vel 
in  p e tio lu m  b re v ite r  a tte n u a ta ,  a n tic e  ro tu n d a ta  apice ipso m in u te  e m a rg in a ta , in s ta tu  juven ili 
u t r in q u e  fe rru g in eo -to m en to sa , p o stre m o  g labrescens; nervo m edio su p ra  in  sulco prom inu lo , 
su b tu s  c rassiuscu le  p ro m in en ti, la te ra lib u s  u tro q u e  la te re  7 — 12 sub angulo  70 — 80 a b eu n tib u s  
m a rg in e m  versus lev iter a rcu a tis , n o n  an as to m o sa n tib u s , su b tu s m an ifes te  p ro m in en tib u s . 
C e te ra  ig n o ta .

H o lo ty p u s :  Cuba; P ro v .  Las Villas. S ierra  de E sc a m b ra y ,  p ro p e  Buenos 
A ires in  a lt .  800—900 m .s .m . Leg.: J .  C. J a c k  7280 (НАС) 12. apr. 1929.

Guapira ophiticola Borhid i sp. n.

A rb o r  m ediocris vel a lta  u sq u e  ad  15 — 20 m . R am i veterio res c in e rascen tes , s tr ia ti  
g la b r i , h o rn o tin i squam is m in u tis  fe rru g in e is  densissim e o b tec ti. Folia o p p o sita , 2 — 6 m m  longe 
p e tio la ta ,  petio lis dense fe rru g in eo -to m en to s is  su ffu lta , lam ina  o b o v a ta  v e l sp a th u la ta ,  1,5 — 
4 cm  lo n g a  e t 1 —2,5 cm la ta , ap ice ro tu n d a ta ,  basi longe a tte n u a ta  e t c u n e a ta , su p ra  convexa 
e t  g lab re scen s , sub tus concava e t dense  fe rru g in eo -to m en to sa , nervo m edio su p ra  ap p lan a to , 
s u b tu s  p ro m in e n ti, la te ra lib u s  u tr in q u e  obso le tis, m arg ine rev o lu ta , crasse coriacea. Inflores- 
cen c ia  m ascu la  usque ad  15 m m  longe p e d u n c u la ta , c ap itu lifo rm iter c o n tra c ta , pauciflo ra , 
2 — 2,5 cm  longa. P e rian th iu m  2 — 2,5 m m  longum , d en ticu lis  5, 0,2 —0,3 m m  longis, dense fer- 
ru g in e u m . S tam in a  6 —(7), f i la m e n ta  b asi in tubo  in se rta , 2 — 2,5 m m  longa, an tlie rae  orbi- 
c u la ri co rd ifo rm es, 0,5 m m  longae , m edio  a ffix ae , e tu b o  brevissim e e x se rtae . O varium  rudi- 
m e n ta r iu m  0,5 m m  longum , s ty lu s  1 m m  longus, apice tru n c a tu s  vel d e fic ien ter penicillato- 
ra in if ic a tu s .  In flo rescen tia  fem in ea  (v ide p a ra ty p u m ) 2 — 2,5 cm longa, 10 — 15 m m  longe 
p e d u n c u la ta ,  c a p itu la ta  vel b re v ite r  racem osa. P e rian th iu m  tu b u lo su m , apice basique  a tte - 
n u a tu m , 3,5 — 4 m m  lo n g u m , dense  fe rug ineo- vel ru fo -to m en to su m , d en ticu lis  5, brevissim is. 
O v a r iu m  2 m m  longum , s ty lu s  2 m m  longus, pau llo  exsertus , apice pen ic illa to -racem osus, 
S ta m in o d ia  6, inaequilonga, o v a riu m  non  su p e ran tia  F ru c tu s  non visus.

H o lo ty p u s :  A l a i n  5436 Н А С; Cuba; P rov . Oriente. S ie rra  del Cristal. 
S a c a  L a  Lengua. Leg.: A l a i n , A c u n a  et L ó p e z  F i g u e i r a s , 2— 7. apr. 1956. 
I s o ty p u s :  НАС.

P a r a ty p u s :  A c u n a  e t  Z a y a s  19659; C uba; P rov . O r ien te ;  Sierra  del 
C r is ta l ,  N icaro; Area n a m e d  fo rm ere ly  as “ M ontes of U n i te d  F r u i t ” . Leg. 
A c u n a  et F. Z a y a s , 26— 27. Mai. 1955. НАС Flor. fém.

S p ecim ina  e x am in a ta : S ierra  de N ip e : C harrascal de la  Cueva, P in a res  de M ayari. Leg.: 
L ó p e z  F ig u e ir a s  2515 НАС! 25. fe b r . 1956 (ste r.) — S ierra del C ristal: Saca  L a  L engua  Leg.: 
A. B o r h i d i , M. Ya les , R . O v i e d o  11 apr. 1976. — E n tre  Los Mulos y  C orea in  a lt. 700 — 800 
m .s .m . M . L ópez  F ig u e ira s  UO 220 (Н А С ) Sierra de M oa: B renales de la  P lay a  de Vaca. 
M oa, L eg .: A cuna  13096 IIA C (SV ). 9. nov . 1945 (s te r.)  — Ib idem , A cu na  12412 IIAC(SV) 
11. a p r . 1945. (ster.) — M onte L a B re n a , M oa. Leg.: Cl e m e n t e  e t Cr is ó g o n e  4420 HAC(LS), 
24. ju n .  1945. (flor. fem .)
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NEW  NAMES AND SPECIES IN CURA RESP.  ANTILLES 5

01 is.: Pisonia  rufescens (Griseb.) f. parv ifo l ia  Urb. et Heim erl (Syn .: Tor- 
rubin rufescens f. parvifolia  (Urb. et H eim erl) Alain) non Torrubia parvifolia  
Standi, nec Guapira parvifolia  (Standi.) Lundell secundum  specim en typicum  
E km an  9589, Sierra de N ipe, Via Bio (S) hue pertinet.

Guapira rufescens (Griseb.) Lundell

var. rufescens: foliis obovatis, 4 — 8 cm  longis, a n tice  ro tu n d a tis ,  in flo rescen tia  e longata , 
cym oso-corym bosa, m u ltiflo ra , p e d u n cu lu s  20 30 m m  longus, a n th o c a rp iu m  6 9 m m  Ion-
gum , apice a tte n u a tu m .

var. lanceo la tus B orh id i var. n.

R am i h o rn o tin i fe rru g in eo -to m en to si, ve te rio res  g lab rescen tes, s tr ia ti ,  a lb i. Fo lia  op- 
posita , 5 — 10 m m  longe p e tio la ta , lan ceo la ta , o b lan ceo la ta  vel lin ea ri-lan ceo la ta , 6 -  14 cm 
longa, 1,5 — 2 ,5( — 3,5) cm la ta , la t i tu d in e  4 —5-plo lo n g io ra , lev ite r ob liqua, ap ice  longe a tte - 
n u a ta  e t o b tu sa , basi longe c u n e a ta  e t in  p e tio lu m  p ro tra c ta ,  su b tu s fe rru g in eo -to m en to sa , 
postreino  g lab rescen tia  vel g lab ra , m arg in e  irreg u la rite r  c ren u la to -u n d u la ta , co riacea ; nervo 
m edio su p ra  im presso , su b tu s v a ld e  p ro m in en ti, la te ra lib u s  su p ra  inconsp icu is vel obsoletis, 
su b tu s lev ite r  p rom inulis, m arg in em  versu s a rcu a tis , obso le te  a n as to m o sa n ti-re tic u la tis . Flos 
fru c tu sq u e  non visi.

T y p u s :  UO 1024. C uba;  P rov . O rien te ; S ie rra  de Nipe, P ina res  de Mayari, 
Charrascal de la Cueva. Leg.: L o p e z  F i g u e i r a s  27— 31. Mai. 1960. НА С! 
Iso typ i:  НАС, H A J  В.

Specim ina e x am in a ta : S ierra  del C ristal: R io L ebisa in  a lt. 570 660 m . sm . Leg.:
López F ig u e ir a s  26. aug. 1959. S ierra del C ristal: C ayo V erde; Leg.: A la in  4530; 26. dec. 
1955. F a ld a  Sur del Pico del C rista l; leg.: Alain  4741; 28. dec. 1955. Ib id e m , leg.: A. 
Borhid i  e t M. Vales  12. ap r. 1976.

var. nioaensis B orh id i var. n.

A ty p o  d iffe rt foliis ob longo-obovatis. 7 11 cm  longis, la titu d in e  2 3-plo longioribus
inflo rescen tiis fem ineis b rev ibus, 2 — 4 cm  longis, b re v ite r  ram ifica tis , ped u n cu lis 10 — 20 m m  
longis, a n th o c a rp io  8 —11 m m  longo, apice ro tu n d a to  v e l tru n ca to ,

T y p u s :  Cuba; P rov . O r ien te ;  Region de Moa: Charrascal d<*l Coco, Leg.: 
L e ó n , A l a i n , Cl e m e n t e  e t  C r is ó g o n e  22642 НАС, 3. aug. 1945. (fruct.). 
I so typus:  НАС.

Specim en ex am in a tu m : Ib id em , Cl e m e n t e  4749, aug. 1945. ve ris im ilite r iso ty p u s.

M imosaceae

A lbizzia  berteriana  (B alb .) G ôm ez de la M aza P seudalb izzia  b e rte ro an a  (B all), ex I)C.) 
B ritt, e t Rose
Pithecellobium arboreum  auc t. cub . p ro  m ajore  p a r te , non (L .) U rb . =  P ithece llob ium  cubense 
Bisse in Ciencias ser. 10. B o tán ica  U n iv . H ab an a  No. 2: 6 —7. 1975.
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6 A . B O R H I D I  and  Z. K E R E S Z T Y

Caesalpiniaceae

C a esa lp in ia  violacea (Mill.) S te u d . Peltophorum linnaei B e n th . e t Hook.

Fig. 1. H o lo ty p e  specim en of H a rp a lyce  cristalensis B o rh id i e t M uniz ( A c u n a  19671)

Fabaceae

A  tax o n o m ic  s tu d y  on th e  C u b an  species of th e  g enus H arpalyce  has re ce n tly  been 
p u b lish e d  — B o r h i d i , A .— M u n i z , O . :  Adiciones al co nocim ien to  de la flo ra  c u b a n a  (I). 
C iencias Biológicas Acad. Cien. C uba  1 : 131 —145. 1977. — w ith  a new an a ly tic  k e y  and  
d e sc rip tio n s  o f 8 species an d  2 v a r ie tie s  new  to science.
H a rp a lyce  cristalensis B orh id i e t  M u n iz  in  Ciencias B iologicas A cad . Cien. C uba 1 : 133- 134. 
1977. (F ig . 1.)

H o lo ty p e : A c u n a  19761 Н А С ; C uba: Sierra del C rista l; Saca L a Lengua. Coll.: J .  A c u n a  

a n d  F . Z a y a s  26 — 27. M ay, 1955.
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H arpalyce borhidii M uniz l.c. p. 134 —135. (F ig . 2.)
H olo type: Lopez  F ig u e ib a s  2504 Н Л С ; S ierra  de N ipe; C h a rrasca l de La C ueva, P in a res  

de M ayari, 25. Febr. 1956. Iso ty p es: H A C (LS), B P , H A JB . T his species was confused w ith  the  
specim ens of / / .  villosa B ritt ,  an d  W ilson (F ig . 3.)

Fig. 2. H o lo ty p e  specim en of Harpalyce borhidii M uniz (L F  2504)

H arpalyce cubensis G riseb. va r. cajalbanensis B orh id i e t M uniz l.c. p . 136.
H olo type: A cu na  15061 НАС; P ro v . o f P in a r del R io: C harrasca les of C a ja lb an a . 

H arpalyce flexu o sa  León e t  A lain  ex B orh id i e t  M uniz l.c. p. 136. (F ig . 4.)
H olo type: L eón  11971 НАС; P ro v . o f O riente: S ierra  de Im ias. Alto de la  M esa de 

P ra d a , Jau co . 17. J u ly  —4. Aug. 1924. I so ty p e : НАС.
H arpalyce fo liosa  B orh id i e t  M uniz l.c. p. 136. (F ig . 5.)

H olo type: A la in  3075 (Н А С); C uba; P rov ince of O rien te ; in forests of P a len q u ito  de 
Y a te ra s  in a lt. ap p ro x . 550 m .a .s.l. C ollected b y  Alain  J u ly  20, 1953. Iso ty p e : НАС. 
H arpalyce acunae B orh id i e t  M uniz l.c. p. 137. (Fig. 6.)
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8 A. BO RH ID I and Z. K ERESZT Y

H olo type: L ópez  F i g u e i r a s  1722 H A C (LS 13525); Sierra de N ip e ; F in c a  L a  C aridad. 
26. N o v , 1957. Iso ty p es: Н А С , HA .JB .
H a rp a lyce  nipensis U rb . v a r . lanceolatus B orh id i e t  M uniz l.c. p. 137 — 138.

H olo type: Ala in  5880 Н А С ; Sierra de C rista l; R io M iguel, in  ev erg reen  serpen tine  
sc ru b . Collected b y  A l a i n , A c u n a  and  L ópez F i g u e i r a s , 2 7 A pr. 1956. Iso ty p es: НАС,
H A JB .

F ig . 3. R ep resen ta tiv e  sp ec im en  of Harpalyce villosa  B ritt , e t W ils. (L eó n  20772)

H a rp a lyce  toaensis B orh id i a n d  M uniz l.c. p , 138. (F ig . 7.)
H o lo ty p e : Ala in  3168 Н А С ; P ro v . O riente : C uchillas de Toa; in  p ine  fo res ts  o f Pena 

P r ie ta ,  L a  M agdalena, T o a; a lt .  ap p ro x . 600 m .a .s.l. C ollected by  A lain  H . L i o g i e r , 22. Ju ly , 
1953. I so ty p e : HAC(LS 13526). T h is  species was fo rm erly  classified as H . a la in ii  León, w hich 
c an  be  d istingu ished  easily  b y  m u ch  larg e r leafle ts, sh o rte r  peduncled  in flo rescences an d  m uch 
lo n g e r pedicelled  flowers (F ig . 8.).
H a rp a lyce  moana B orh id i a n d  M uniz l.c. p. 138 — 139. (F ig . 9.)

H o lo ty p e: НАС 26819; P ro v . o f O rien te ; M ina P o to si, Moa. C ollected  b y  У. Sa m e k , 
M ay. 1968.
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Harpalyce baracoënsis B orhidi and M uniz l.c. 139. (F ig. 10.)
H o lo ty p e: UO 814 in НАС; P ro v  o f  O riente ; C harrascal de C uaba, B araco a . Collected 

by  Lopez  F i g u e i r a s , 14. April, 1960. Iso ty p e s: LS 19734: H A JB .
Pictetia m arginata  auc t. cub. p. p. non  Sauv. = P ic te tia  cubensis Bisse in C iencias U niv. 
H ab an a  Ser. 10. B o tán ica  No. 2: 9. 1975.

HERBARIO m  C N fQ O  DE LA S A U L  * » « •  h.» .w
PLANTAS DE CUBA

• Æ i
AL- HoJjL- J**-'--

tjf. Й  . 
< J/tuu

J, á  M J a

Fig. 4. H o lo ty p e  specim en of H arpalyce flexu o sa  L eón e t A lain ex B orhidi e t M uniz (L eón
11971)

Pictetia sp in ifo lia  auc t. cub. p. p . non  (D esv.) U rb . P ic te tia  arborescens B o rb id i, Acta 
Agron. A cad. Sei. H ung. 27: 431. 1978.
B elairia  ternala  W r. in Griseb. B e la iria  angustifo lia  (G riseb.) B orbidi
B elairia  m ucronata  auc t. cub. p. p. non  Griseb. B elairia  sav an n aru m  Bisse l.c. p. 11.
Brya buxifolia  a u c t. FI. Cub. non U rb . B rya h irsu ta  B orbidi in A cta B ot. A cad . Sei. H ung. 
22: 301. 1976.
Brya ebenus (L .) DC. is an endem ic so ft leafed deciduous sh ru b , w hich p ro b a b ly  does not 
occur in C uba. T he re la ted  C uban p o p u la tio n s  belong to a n u m b er of species, som e of them  
no t described y e t  (according to B isse  l.c. p. 8 — 9). A recen tly  described species o f  th is  tax o ­
nom ic range  is B rya  microphylla  B isse l.c. p. 8.
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B eh a im ia  roigii B orhid i in  A c ta  A gron . Acad. Sei. H u n g . 27: 430. 1978 is an  in te res tin g  new 
tre e  species w ith  leaves co m p o sed  of num erous lit t le  le a f le ts , of the  endem ic C uban genus 
B eh a im ia  u n til now kno w n  as a m o n o ty p ic  one (Figs 11 — 12).
Goeffroea inermis W. W rig h t =  A n d ira  inerm is (W . W rig h t)  DC.

F ig . 5. Harpalyce fo lio sa  B o rh id i e t Muniz, h o lo ty p e  specim en  (Alain  3075)

E ry th r in a  leptopoda auc t. FI. Cub. n o n  U rb. e t E k m . =  E ry th r in a  acunae  B orh id i in  A cta  
A g ro n . A cad . Sei. H ung. 27: 430. 1978.
D olichos Lablab  L. =  Labial) p u rp u re u s  (L.) Sweet

Rutaceae

T h e  generic nam e F agara  L. is to  be m ain ta in ed  as “ nom en  co n se rv an d u m ” . In  con­
se q u e n ce  of th is all co m b in a tio n s o f th e  form er Cuban Z a n th o x y lu m  species have  been changed: 
Z a n th o x y lu m  taediosum  A. R ich . =  F a g a ra  laediosa (A. R ich .)  K r. e t U rb.
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Z an th o xylu m  coriaceum  A. R ich . Fagara  c o ria ce a  (A. R ich .) Kr. e t U rb. 
Z a n th o xylu m  Fagara (L .) Sarg. =  Fagara p te ro ta  L.
Zan thoxylum  E lephan tiasis  Macf. F agara  e lep h an tias is  (M acf.) Kr. e t U rb. 
Z a n thoxylum  m artinicense  (L am .) DC. F’a g a ra  m artin icensis Lain.

I SAIL! 
cu**«-*- S'-** ’~

Fig. 6. H o lo ty p e  specim en of H arp a lyce  acunae B orh id i e t M uniz (L F  1722)

Zan thoxylum  p is ta c ifo liu m  (Griseb.) F a g a ra  pislacifo lia  (G riseb.) Kr. e t U rb.
Zan thoxylum  nann o p h y llu m  (U rb.) Alain F 'agara  nannophy lla  Url).
Zan thoxylum  curbcloi A la in  in Contrib. O cas. Mus. H ist. N a t. Col. de La Salle H a b a n a  No. 9:
23. 1950. =  F ag ara  cu rbclo i (Alain) K e re sz ty  com b. n.
Z anthoxylum  lom incolum  (U rb .) Alain F a g a ra  loiniiioola U rb.
Zan thoxylum  shaferi P . W ils. in N orth. A m e r. FI. 25: 182. 1911 F ag ara  sh a feri (P . W ils.) 
K e resz ty  comb. n.
Zan thoxylum  acu m in a tu m  Sw. Fagara  a c u m in a ta  Sw.
Z a n thoxylum  cubense P . W ils. Fagara ju g la n d ifo lia  K r. e t U rb.
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Z a n th o xylu m  p im pinello ides  (L am .) DC. F ag ara  p im pinello ides Lam . 
Z a n th o xylu m  sp inosum  (L .) Sw. Fagara  spinosa (L .) Sw. 
Z a n th o xylu m  phyllopterum  (G riseb .) W r. =  F ag a ra  p h y llo p te ra  Griseb. 
Z a n th o xy lu m  dum osum  A. R ich . Fagara  dum osa (A. R ich .) Griseb.

F ig . 7. H olo type  sp ec im en  of Harpalyce toaensis B o rh id i e t M uniz (Ala in  3168)

Z a n th o xylu m  acunai A lain  in  C on tr. Ocas. Mus. H is t. N a t, Col. de La Salle No. 9: 22. 1950 =  
F a g a ra  a cu n a i (A lain) B o rh id i e t  K ereszty  comb. n.
Z a n th o xylu m  sp in ifex  ( J a c q .)  DC. =  F agara  spinifex J a c q .
Z a n th o xy lu m  leonis A lain  in  C on tr. Ocas. Mus. H ist. N a t. Col. de la Salle No. 9: 23. 1950 =  
F a g a ra  leonis (A lain) K e re sz ty  com b. n.
Z a n th o xy lu m  ekm anii (U rb .) A la in  — Fagara  ek inan ii U rb .
Z a n th o xylu m  duplic ipuncta tum  W r. ex Griseb. =  F a g a ra  dup lic ip u n cta ta  (W r. ex G riseb.) K r. 
e t  U rb .
Z a n th o xy lu m  organosium  (U rb .)  A la in  =  F ag ara  o rg an o sia  U rb .
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Z a n lh o xylu m  dictyophyllum  (U rb .) Alain F a g a ra  dictyophylla  U rb.
Z an th o xylu m  fla v u m  V ahl Fagara  flava (V ah l) K r. e t U rb.
A m y r is  lineata  W r. ex  G riseb. sensu León a n d  A la in  (F lo ra  de C uba, 2: 394. 1951) w as p ro v ed  
to  be a species com plex, w hich  can be se p a ra ted  in to  th ree  well defined ta x a  (see B o r h i d i  and

Fig. 8. Iso ty p e  specim en of H arpa lyce  a la in ii  León (Acuna  12439)

K e r e sz t y  in Bo r h i d i , A. I m cha n itska y a , N. Mu n iz , 0 . :  A cta Agron. A cad . Sei. H ung. 
27: 4 3 1 -4 3 2 .  1978) as follows:
A m y r is  lineata  W r ex  G riseb. s. str. T ype: W r. 1154! in НАС iso type! Fig. 13.
A m y r is  maestrensis B orh id i e t K ereszty l.c. p . 432. F ig . 14.

H o lo type: C uba; Sierra M aestra, in m o n ta n e  ra in  fo rests of Lom a del G a to , a lt .  ap p rox . 
1000 m .a .s.l. C ollected by  Clemente  N o. 5156, dee. 1946. Iso type: BP.
A m y r is  verrucosa B o rh id i e t K ereszty l.c. p . 432. F ig . 15.

H olo type: C uba; Sierra de E sc am b ray ; L ag u n as de B uenos Aires, in a lt .  a p p ro x . 800 
m .a .s .l. Collected by  J .  G. J ack Nr. 7893. 9. A pril, 1930. НАС!. Iso type: BP!
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Meliaceae

T rich ilia  liavanensis Ja c q . is a good species, no t id e n tic a l w ith  T . glabra L., as i t  w as con­
t r ib u te d  b y  Alain  H . L io g ie r  (Suppl. F lo ra  de C uba 1969: 84).

F ig . 9. H arpalyce moana  B orh id i e t M uniz, h o lo ty p e  specim en (26819 НАС)

M alpighiaceae

B yrso n im a  spicata  au c t. cub . non (Cav.) L. C. R ich . B yrson im a coriacea (Sw.) G riseb. 
B yrso n im a  lucida  auc t. FI. Cub. p. p . non DC. =  B y rso n im a  o rien tensis Bisse l.c. 13.

Euphorbiaceae

P h ylla n th u s cuneifolius (B r i t t .)  Croiz. =  Securinega cu n eifo lia  (B ritt .)  W ebster
C roton L . A  new  tax o n o m ic  rev ision  of th e  C uban species o f th e  genus Croton was p u b lish ed
by  A. B o r h i d i  and  0 .  Mu n iz  in A nnales H ist.-N at. M us. N a tio n . H ung. B u d ap es t 69: 41 — 53
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(1977) w ith  th e  desc rip tio n s of 11 new species an d  4 new  com binations fu rth e rm o re  w ith  a 
com pleted  d esc rip tio n  of some in su ffic ien tly  know n species.
Acidocroton oligostemon  auc t. FI. Cub. p . p. non  U rb . fro m  th e  serpen tine  barrens o f th e  P ro v -

Fig. 10. H o lo ty p e  specim en of lia rp a lyce  baracoënsis B orh id i e t Mufiiz (UO 814 Н А С )

ince L as V illas A cidocroton acu n ae  B orh id i a n d  M uniz  in A cta Bot. Acad. Sei. H u n g . 22: 
305. 1976.
P latygyne M erc. A rev ision  of th is gen u s was p u b lish ed  by B o r h id i  (A nnales H is t .-N a t. Mus. 
N ation . H ung . B u d a p e s t 64: 89 94) w ith  d esc rip tion  o f tw o new species. Ala in  I I .  L io g ie r

suggested (1971) to  including Platygyne  in to  the  genus Tragia. B ased on c o m p a ra tiv e  pollen 
m orphologic s tu d ie s  Platygyne  seem s to  be a se p a ra te , endem ic genus of Cuba.
Omphalea com m utata  Muell. Arg. C uba: P rov . o f G u a n tan a m o : Maisi; H ispan io la . N ew  to 
C uba; acco rd ing  to  A la in  II. L iogier  in  Mem. N ew  Y o rk  B ot. G ard . 21(2). 1971.
D itta  Griseb. A new  species of Ditta  w as recen tly  desc rib ed  from  the  Sierra M aestra , C uba by
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B o r h id i  in  A cta  A gron. A cad . Sei. H ung. 27 433. 1978.
D itta  m aestren sis  B orh id i (D . myricoides León e t  A la in  p. p. non Griseb.). H o lo ty p e : L eón  
10883 in  НАС (LS); iso ty p es  10884 L eón  in H A C (L S) a n d  in NY; fig. 36. Leó n  a n d  A l a i n : 
F lo ra  de  C uba 3: 112.

Fig. 11. Iso ty p e  specim en  of B eha im ia  cubensis G riseb . (W right  3383 in  H erb . S a u v a lle .
НАС)

G ym nan thes  species o f th e  W est In d ies  belong to  th e  gen u s A teram nus P. B row n , acco rd ing  
to  R o th m a le r  in  F eddes R e p e rt. 53: 5. 1944 (see A d a m s : F lora  of Jam aica  as w ell), a n d  due 
to  th is  f a c t  i t  is necessary  a p p ly  follow ing n o m e n c la tu ra l changes:
A ctin o stem o n  brachypodus (G riseb .) U rb . A te ram n u s b rachypodus (G riseb.) R o th m . 
G ym nan thes lucida  Sw. =  A te ram n u s  lucidus (Sw.) R o th m .
G ym nan thes albicans (G riseb .) U rb . =  A te ram n u s a lb ican s  (G riseb.) R o thm .
G ym nan thes glandulosa  (Sw .) M ucii. A rg. =  A te ram n u s g lan d u lo su s (Sw.) A dam s 
G ym nan thes recurva U rb . =  A te ram n u s recu rvus (U rb .) R o th m .

T w o o th e r  ta x a  of G ym nanthes  hav ing  v e ry  la te sc e n t  tissues, m ale a n d  fem ale  calyx  
w ith  2 — 3 well developed  lobes, belong  to  th e  genus S a p iu m .  F o r th is reason :
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G ymnanlhes po llens  (G riseb .) M uell. A rg. Sapiuni pallcns (G riseb .) B orhidi com b. n . 
B asionym on: Excoecaria pollens  G riseb. in  Mem. Am er. A cad . nov . ser. 8: 161. 1861. 
Gymnanthes po llens  v a r . tenax  (G riseb .) Muell. Arg. Sapiuni pallens (Griseb.) B orh id i v a r. 
tcnax  (G riseb.) B o rh id i com b. n. B asionym on: Excoecaria tenax  Griseb. in  G oett. N ach r. 
1865: 179. S yn .: S a p iu m  p a rv ifo liu m  A lain  in  Rev. Soc. C ub. B ot. 10: 27. 1953.

F ig. 12. H o lo ty p e  specim en of B ehaim ia roigii B o rh id i (7482 НАС)

M ettenia  G riseb.
A ccord ing  to  Ja m a ic a n  a u th o rs  (F awcett  an d  R e n d l e , A dams) there  is no essen tia l 

m orphological d ifference betw een  the  A ntillean  genus M etten ia  Griseb. and  the  p a n tro p ica l 
genus Chaetocarpus T hw aites . T h is re su lts  in th a t  th e  e a rlie r  generic nam e Chaetocarpus is 
valid  for the  A n tille an  species as well, w ith  the  follow ing n o m en c la tu ra l changes:
M ettenia globosa (Sw .) Griseb. C haetocarpus globosus (Sw .) Faw c. e t Rendle 
M ettenia oblongata A lain in  C ontrib . Ocas. Mus. H ist. N a t. Col. de la Salle No. 11: 10. 1952 = 
C haetocarpus globosus ssp. oblo iigatus (A lain) B orhidi com b, e t  s ta t. n. Syn.: M ettenia  glo­
bosa ssj). oblongata (A lain) B orh id i in B o tan . Köziem . 62: 25. 1975.
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M e tten ia  hum ilis  E km . in  U rb . S e rtu m  A n tillan u m  X X X . Feddes R ep ert. 28: 229. 1930 =  
C h aeto ca rp u s hum ilis (E k m . in  U rb .)  B orh id i com b. n.
M etten ia  cordifolia U rb. in  Sym b. A n t. 9: 213. 1924 =  C haetocarpus cordifolius (U rb .)  B orhidi 
com b. n . [Syn.: M ettenia globosa ssp. cordifolia (U rb .) B orhid i B otan . K öziem . 62 : 25. 1975].

F ig . 13. Iso ty p e  specim en o f A m y r is  lineata  G riseb. (W rig h t  1154 in  H e rb . S au v a lle  НАС)

M etten ia  acutifolia  B ritt , e t W ils, in  Bull. T o rrey  B o t. Club 39: 9. 1912 =  C h aeto carp u s acu ti- 
fo liu s (B r i t t ,  e t W ils.) B orh id i com b. n.

Sapindaceae

A new  critical tax o n o m ic  rev ision  of th e  C uban  ta x a  of Sapindaceae  is in  p re p a ra tio n  
b y  H . L i p p o l d , who pub lish ed  a  series o f p ap ers  on  th e  new  resu lts of his s tu d ies . T he m ost 
im p o r ta n t  changes are as follow s:

S e rja n ia

S erja n ia  albopunctata W r. in  Griseb. is a good endem ic species o f th e  P in a r  del Rio 
P ro v in c e  according to L ip p o l d  in B eiträge  zu r P h y to tax o n o m ie  6. Folge p. 129. 1978, and
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it is no t id en tica l w ith  S. subdentata  Ju ss ., as i t  was re p o rte d  (L eón  and  A l a i n : F lo ra  de 
C uba 3 : 188).

Serjania  angusta  L ippold  Feddes R ep o rt. 8 5 :6 1 2 . 1974. E ndem ic to  W -C uba (P an  
de G uajaibón , S ierra  de E scam b ray ).

Fig. 14. H o lo ty p e  specim en  of A m yris  maestrensis B o rh id i e t  K ereszty  (Cl e m e n t e  5156 НАС)

Serjania  occidentalis L ippold  l .c . p. 615. E n d em ic  to  th e  Péninsule o f G u an ah acab ib es 
(P in a r del Rio P ro v ince).

Serjania  linearifo lia  L ippold  l.c . p. 612. E n d em ic  to  th e  SW -coast of th e  S ierra  M aestra- 
R ange betw een C abo Cruz an d  Pilon (O riente P ro v ince).

Serjania  m icrophylla  L ippold l.c . p. 615. E n d em ic  to  the  so u th -eas te rn  co asta l region 
of th e  Prov ince O rien te  from  G u an tán am o  to Maisi.

A llophylus

A llophylus occidentalis (Sw.) R ad ik . A llophy lus racem osus Sw.
A llophylus roigii L ippold  in W iss. Zschr. U n iv . J e n a  M ath -N atu rw . R eihe 19 : 383. 

1970. E ndem ic to  th e  Pén insu le  of G u anahacab ihes a n d  th e  so u thern  p a r t  o f th e  Isle o f Pines.
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A llo p h y lu s  cristalensis L ip p o ld  (A . reticulatus R ad ik , sensu  León  an d  A la in  p .p .) 
in  F e d d e s  R e p e rt 85: 615. E n d em ic  to  th e  Nipe an d  C rista l R anges of the  n o r th e rn  p a r t of 
O rie n te  P ro v ince.

F ig . 15. H o lo ty p e  specim en of A m y r is  verrucosa B o rh id i e t  K eresz ty  ( J ack  7893 НАС)

A llo p h y lu s  maestrensis L ip p o ld  l .c . p. 618. E n d em ic  to  th e  Sierra M aestra  R ange. 
A llo p h y lu s  crassinervis R a d ik , is an  endem ic species o f P u e rto  Rico and  does n o t  occur 

in C u b a , acco rd ing  to L ippold  in  B e itr . zur P h y to ta x o n o m y  6 : 133.

T h o u in ia

T h o u in ia  acunae B orh id i e t  M u n í z  in  A cta B ot. A cad . Sei. H ung. 21: 222. 1975. (T . 
cubensis  R a d ik , sensu León  a n d  A l a in  p .p .) E ndem ic  to  th e  lim estone cliffs of th e  N ipe and 
M a e s tra  R an g es  (Prov. O riente).

T h o u in ia  baracoënsis B o rh id i in  A c ta  B ot. Acad. Sei. H ung . 22: 309. (T. cubensis R ad ik , 
sensu  L e ó n  a n d  Alain  in  F lo ra  de C uba 3: 197. 1953 p .p .) E n d em ic  to  the  lim estone h a y s ta c k  
h ill a re a  a t  th e  gorge of Y u m u ri R iv e r, E a s t o f B aracoa  (P ro v . Oriente).
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T h o u in ia  clarensis L ippold  in  Fedeles R e p e rt 85: 620. 1974. (T. trifo lia ta  P o it . sensu  
L eón  a n d  A la in  l .c .  p. 196. p .p .) E ndem ic  to th e  S ierra de E scam bray , in M iddle Cuba.

T h o u in ia  holguinensis L ippold  l .c . p . 621. (T . trifoliata  Po it. sensu L eó n  a n d  A la in  
p .p .) E n d em ic  to  th e  n o rth e rn  c iastal regions and  keys o f th e  provinces Cam agiiey a n d  O rien te .

T h o u in ia  hypoleuca  B orh id i l.c . p. 309. T . canescens R adik , according to  L ip p o l d  
(in l it t .)

T h o u in ia  maestrensis L ippold l.c . p. 621. (T. trifoliata  Po it. sensu L eó n  a n d  A la in  
p .p .) E n d em ic  to  th e  w estern  p a rt o f th e  M aestra  R an g e  betw een Cabo Cruz a n d  U vero .

T h o u in ia  nervosa (A. R ich .) Griseb. (T . trifo lia ta  P o it. sensu L eón  and  Al a in  p . in a j. p.) 
is a valid  endem ic  species o f W est-C uba; i t  grow s on th e  h a y stac k  hills and lim esto n e  coasta l 
d o g -to o th  a reas in th e  p rov inces P in a r del R io, H a b a n a  and  M atanzas, according to  L ip po l d  
(1978: 135).

T ho u in ia  pseudopunctata  L ippold in F eddes R e p e rt. 85: 623. 1974. (T. elliptica  R ad ik , 
sensu  L eó n  and  A la in  p .p . in  F lora de C uba 3: 195. 1953. — T. elliptica va r. rolundata  B orhid i 
e t Muníz A c ta  B o t. A cad. Sei. H ung. 17: 33. 1971.) E n d em ic  to  the  sou thern  co as ta l region 
of th e  P ro v in ce  O rien te  betw een  San tiago  de C uba a n d  Maisi.
D odonaea M iller in Cuba.

A n ex ce llen t rev ision  of th is genus m ade  by  H . L ip p o l d  (B eitr. zur P h y to ta x o n o m ie  6. 
Folge 7 9 -  126, 1978) seem s to  give a good so lu tion  o f th e  taxonom ic p rob lem s concern ing  
th e  A m erican  ta x a  of th is h ighly  po lym orphic  genus. A ccording to L ippo ld  ( l .c .)  th e  follow ­
ing species a re  rep re sen ted  in Cuba:

D odonаса b ia la ta  H . B. K . (D. viscosa a u c t. am er, non L.). A species o f n eo trop ic  
d is tr ib u tio n , i t  occurs in th e  B erm udas F lo rid a , G re a te r  A ntilles, Mexico, C en tra l a n d  Sou th - 
A m erica  to  B rasil; in  C uba i t  can he found  in all the  provinces.

D od o n aea  elaeagnoides R udo lph i ex  L edeb . e t  A dlerst. 1805. (D. ja m a icen sis  Spreng, 
non DC., D . ehrenbergii Sch lech t., D. viscosa v a r . arborescens (C unn./Sherff) a  species o f A n­
tillen  d is tr ib u tio n . I t  grows in F lo rida, F lo rid a  K eys, B ah am as, G reater an d  L esser A ntilles. 
In  C uba it  occurs in the  provinces C am agiiey, O rien te  an d  Isle of Pines.

D odonaea  linearifo lia  L inden ex T urcz . 1858. (D . viscosa var. linearis (H e rv . e t  Sond./ 
S herff f. linearis  S lierff) E ndem ic to  Cuba.

D odonaea viscosa (L .) Jacq . s. s tr .  A species o f east-neo trop ic  d is tr ib u tio n . I t  occurs 
in F lo rid a , B ah am as , G reate r and  Lesser A ntilles a n d  th e  easte rn  coastal reg ion  of Sou th  
A m erica. In  C uba i t  can be found in th e  P rov ince  O rien te  and in Isle of Pines.

C upan ia  macrophylla  A. Rich, non  M art. =  C upan ia  cubensis G. M aza c t  M olinet.
A species o f W est-C aribbean  d is trib u tio n . I t  occurs in  M exico, G uatem ala  and C uba, acco rd ­
ing to L ippo ld  ( l.c .) .

M atayba  opposilifo lia  (A. R ich .) B r itto n  (M . apetala  A lain in  Suppl. F lo ra  de Cuba 
1969: 103, non  M acfad.) A species of C uba an d  P u e rto  Rico.

S a p in d u s  grandifo lius  L ippold in F eddes R ep ert. 85: 628. 1974. E ndem ic to  E as t-C u b a  
a t  Maisi.

Celastraceae

T orralbasia  doin ingensis U rb . is a good species liv ing  in H ispan io la  and  Cuba (P ro v . o f O rien te : 
Sierra M aestra ; P ro v . o f Las Villas: Sierra de E sc am b ray ) according to  B o r iiid i in  A cta  
A gron. A cad . Sei. H ung . 27: 433. 1978, w here an  a n a ly tic  key  for th e  tax o n o m ic  ran g e  of th e  
genus Torralbasia  is also done.

Sabiaceae

M eliosm a herbertii R olfe; C uba; P rov . o f O rien te , Y u n q u e  de B aracoa, 27391 IIA C (SV ); leg.: 
De l - R isco . New to  Cuba.
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Malvaceae

M a lva s tru m  sp ica tum  (L .) A. G ray M alvastrum  a m e ric a n u m  (L .) Torr. 
A b u tilo n  g iganteum  (Jacq .)  Sw eet A butilon e la tu in  (M acf.) Griseb.

Theaceae

Ternstroem ia  L. f.

B o r h i d i  found  th e  concep t  of Ternstroemia peduncularis  León a n d  Alain 
in F lo ra  de Cuba 3: 304. n o t  DC. as a collective species in ex trem ely  am plif ied  
level, b a se d  on K o b u s k i ’s s tu d y  (1943). I n  o rd e r  to  classify co rrec t ly  th e  
C u b an  m a te r ia ls  of th e  genus Ternstroemia  we in te n d e d  for e labo ra t ing  a new 
a n a ly t ic  k e y  as follows:

1 a  O v a r y  generally  un ilocu la r ;  one of t h e  brac teo les  in 2 m m  d is tance  
b e n e a t h  th e  ca lyx  (Cuba: P rovinces of  P in a r  del Rio, M atanzas ,  Las 
Villas, Orien te ; e n d e m i c ) ............................... 1. T. parviflora K ru g  et U rb.

b O v a r y  b ilocu lar ,  b rac teo les  n e x t  to  th e  ca ly x  ................................................ 2
2 a P e d u n c le s  up  to  1.5 cm l o n g ...................................................................................  3

b P e d u n c le s  longer th a n  1.5 c m ................................................................................. 6
3 a P e d u n c le s  curved  or re flexed  ................................................................................. 4

b P e d u n c le s  s t ra ig h t  ......................................................................................................  5
4 a L eav es  sp a th u la te -o b lo n g  to  oblong-elliptic , 6— 11 cm long, b lack ish  when

d ry ,  pe tio le  5 —15 m m  long (Cuba: P ro v .  o f  P in a r  del Rio: Sierra de los
O rg an o s ,  Sierra del Rosario ; endemic) ........................  2. T. ce rnua  Griseb.

b L eav es  obovate ,  2.5— 5 cm long, red d ish  w h e n  dry , petiole 2— 3 m m  long
(C u b a :  P ro v .  of Orien te : Sierra M aestra ,  P ico  Turqu ino , endemic) ............
.............................................. 3. T. leonis (B r i t t ,  e t  Wils.) E k m . in S ch m id t

5 a L eav es  b ro ad ly  elliptic, obo v a te  or su b o rb icu la r ,  3— 5 cm long, ro u n d e d
a t  t h e  apex ;  peduncle  5— 6 m m  long; in n e r  sepals  4— 5 m m  (Cuba; P rov .
o f  O rien te :  Baracoa e n d e m i c ) ..................... 4. T. baracoensis O. C. Schm id t

b L eav es  e ll ip tic-ovate  or oblong-elliptic, 4 .5— 7.5 cm long, obtuse  to  ob tuse-  
a c u m in a te  a t  th e  apex; peduncle  10— 15 m m  long, inner sepals 3 m m
(C u b a ;  P rov . of O rien te : Sierra M aestra ,  e n d e m i c ) .............................................
...................................................................................... 5. T. microcalyx K ru g  e t  U rb .

6 a L eav es  2— 5 cm long, f ru i t  m ostly  conic .........................................................  7
b L eav es  3.5— 12 cm long, f ru i t  m ostly  globose or o v a t e ............................. 9

7 a M idrib  im pressed  b e n e a th ,  leaf  m arg in  p lan e ,  generally g la n d u la r -d e n ­
t i c u la te  tow ards  th e  apex  (Cuba; P rov . o f  O rien te ;  Sierra de Nipe, Sierra
de C ris ta l ,  endemic) ................................................6. T. apleura K rug  e t  U rb .

b M idrib  p ro m in e n t  b e n e a th ,  leaf  m arg in  e n t i re ,  revolu te  ..........................  8
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8 a Leaves obovate-e ll ip tic  to  su b o rb icu la r ,  b lackish  when d ry ,  pa le  green
b e n e a th ;  pedunc le  s tra igh t ,  m ostly  e rec t ,  f ru i t  long acu m in a te ,  a c u te  a t
the  apex  (Cuba; P rov. o f  O riente: S ie rra  M aestra , endemic) ........................
......................................... 7. T. m onticola (B r i t t ,  e t Wils.) E kin . in S chm id t

b L eaves ob long-obovate ,  yellowish or r e d d ish  b en ea th  when d ra y ,  peduncle  
cu rved  or deflexed , generally  fe rrug ineous  pu lveru len t;  fru it  s h o r t ly  conic,
ov a te ,  acu te  a t  th e  apex  (Cuba; N o r th  of  O riente , endemic) ........................
.................................................................................................. 8. T. flavescens Griseb.

9 a Leaves elliptic to  obovate ,  4 — 12 cm  long, th ick  coriaceous, r e d d is h  w hen
dry ,  la te ra l  veins p rom inen t  and m o s t ly  anastom osing  on b o t h  surfaces, 
m arg in  rev o lu te ;  ovules 3— 6 in each  c a v i ty  (Cuba; P rov . o f  O rien te :
Sierra de Moa, S ierra  del Cristal, endem ic)  ...........................................................
................................................................................. 9. T. inoacnsis B o rh id i  e t  Muniz

b Leaves obo v a te ,  3.5— 8 cm long, m o s t ly  subcoriaceous, la te ra l  veins 
obsolete  or inconspicuous on b o th  su rfaces ,  non anas tom osing ;  m arg in
genera lly  p lane , ovules 5— 15 in each c a v i ty  (Cuba, H i s p a n i o l a ) ..............
..........................  10. T. peduncularis DC. ssp. obovalis (A. R ich .)  Borh id i

T . peduncularis  ssp. pedu n cu la ris : L eaves +  g ra n u la r -p u n c ta te , la te ra l ve ins consp icuous, 
m arg in  c u rv a te  or b ro a d ly  revo lu te , p ro p h y lla  trian g u la r-o b lo n g  or o b lo n g -lanceo late , ovules 
12 - 2 0  in each  cav ity  (P u e rto  R ico to T rin id ad ).
T. peduncu laris ssp. obovalis (A. R ich .) B o rh id i com b, e t s ta t. n . (B asionym on: Ternslroem ia  
obovalis A. R ich, in R amón de  la Sa g ra : H ist. F is. Po l. N a t. de la Isla de C uba vol. X . p . 89. 
ta b . 25.) L eaves n o t g ran u la r-p o in te d , la te ra l ve ins m o stly  obsolete or in co n sp icu o u s, m arg in  
p lan e  or n a rro w ly  re c u rv a te ;  p rophy lla  sem io rb icu la r o r o v a te ; ovules 5 15 in  each  c av ity
(C uba, H ispan io la).

Clusiaceae
Rheedia  L.

Two a n a ly tic  keys w ere pu b lish ed  recen tly  for th e  C uban  species; one for tree  sh a p e d  Rheedias 
based  exclusively  on v e g e ta tiv e  c h a tac te rs  (B isse  in  Ciencias U niv. H ab an a  ser. 10. B o tán ica  
No. 2: 15. 1975), th e  o th e r  for all th e  C uban  ta x a  b y  Bo r h id i  (in Acta Bot. A cad . Sei. H ung. 
22: 311 312. 1976). A ccording to these  w orks th e  follow ing changes are w o rth  to  m en tio n :
Rheedia ruscifolia  a u c t. Cub. non Griseb. for th e  specim ens of the M oa-B aracoa  reg ion  =  
R heedia  m oaensis Bisse
Rheedia fru ticosa  W r. ex Griseb. is an  endem ic species o f th e  serpentine sc ru b s o f  th e  P ro v ­
ince P in a r  del Rio.
Rheedia fru ticosa  a u c t. FI. Cub. non W r. ex G riseb . p. p. as for the p lan ts  o f th e  p rovinces 
H a b a n a , M atan zas a n d  Las Villas — R heedia cu liensis B orh id i
Rheedia fru ticosa  a u c t. FI. Cub. non W r. ex G riseb. as fo r th e  p lan ts  of the P ro v in c e  of O rien te , 
fig. 139. F lo ra  de C uba I I I .  p. 311 R heedia oph itico la  B orhidi

Flacourtiaceae

Banara riscoi B orhidi e t M uniz, Ciencias B iological A cad. Cien. Cuba 1: 140. 1977. H o lo ty p e: 
НАС 27216 (SV), C uba; Isle of P ine: Cayo P ie d ra ; co llected  by  E. De l -R is c o ; 8. D ec. 1970. 
Iso ty p e : НАС.
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B a n a ra  acunae  B orh id i e t M uniz l.c. p. 141. H o lo type: A c u n a  10749 НАС; C uba; P ro v . P in á i 
del R io ; S ierra  de los O rg an es , lim estone  scrub-forest o f  h ay stac k -h ill Lom a P e n d e je ra l, San 
D iego de los B anos. Iso ty p e : НАС.
X y lo sm a  roigiana  B orh id i in  B o r h id i  e t Muniz  l.c. p . 143. F ig . 16. H olo type: R oig  5092

Fig. 16. Ternstroem ia m oaensis B o rh id i e t M uniz, h o lo ty p e  specim en  (B o r h id i , Ca p o t e  a n d
Ov ied o  27821 Н А С )

(Cu r b e l o  57) Н А С ; P ro v . O rien te ; E l Cupey, P u e rto  P a d re ;  co llected  by  M. Curbelo  7. M ay, 
1930 w ith  m ale  flow ers. P a ra ty p e : 5092/B  НАС, w ith  fem ale  flow ers. (Fig. 17.)
X ylo sm a  b u x ifo liu m  A. G ray  in  G riseb. va r. rotundatum  B o rh id i l.c. p. 144. H o lo ty p e: НА С 
26031 C u b a ; P ro v . O rien te , Moa reg ion ; N a tu re  C onserv . A rea  of Cupeyal del N o rte . Col­
lec ted  b y  S. Ga n c h e f f , M arch , 1966.
X ylo sm a  b u x ifo liu m  A. G ray  in  G riseb . va r. cristalense B o rh id i l.c. p. 144. H o lo type: A la in  
5674 Н А С  C uba; Sierra del C ristal n ear th e  peak. C ollected  b y  Alain  H. L io g ie r , A cu na  
a n d  L ópez  F i g u e i r a s , 2 7. A pr. 1956. Iso types НАС a n d  H A JB .
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X ylosm a  acunae  Borhidi et Muniz l.c. p. 144 145. H o lo type:  27698 НАС; P ro v .  Villa Clara
in d ry  evergreen  serpentine  scrub of Cerro Pelo Malo, near  to San ta  Clara. Collected by 
A l f o n s o  an d  A n g u l o  with  male flowers. P a ra ty p e :  НАС 27693 w ith  female flowers. Iso types:  
B P  and  in Herb .  Univ. San ta  Clara. (Fig. 18—19.)

F ig . 17. H olo type  spec im en  of X ylo sm a  roigiana  Borhid i  ( R o i g  5092)

Sarny da dodecandra Jacq .  j)robably does n o t  occur in Cuba.
Sam yda dodecandra  auct.  FI. Cub. non  J a c q .  p. p. fig. 153 in t he F lora  de Cuba 3: 337. 1953 
Samyda c a m p an u la ta  Borhidi e t  M uniz  A c ta  Bot. Acad. Sei. H ung .  22: 313. 1976. S o u th e rn  
coast of  th e  P rov ince  Oriente.
Sam yda dodecandra auct .  FI. Cub. non  J a c q .  p. p. as for the  specimens of the N o r th e rn  coasts 
o f  the Prov inces Cam agüey  and  O rien te  Samyda subintegra  Borhidi  et M uniz  l.c. p.  314.

Turneraceae

Adcnoa A rbo  is a new m ono typ ic  genus,  endemic for the sernentine- le te r it ic  a rea s  o f  tin 
N o r th e rn  Orien te  in Cuba, based on th e  species Piriqueta cubensis B r i t t ,  e t  Wils, a cco rd ing  to 
A r b o  in H icken ia  1 : 89; 1977
Piriqueta cubensis B ri t t ,  et Wils. Adcnoa cubensis (B ri t t ,  e t  Wils.) Arbo
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Cactaceae

R h ip s a lis  cassutha G aertn . == R h ip sa lis  baccifera (J . S. M ill.) S tearn  
Lem airocereus hystrix  (H aw .) B r i t t ,  e t Rose = S tenocereus h ystrix  (H aw .) B uxb .

Fig. 18. H olo type  sp e c im en  of Xylosm a acunae  B o rh id i e t M uniz (27698 НАС)

Myrtaceae

A ppro x im ate ly  40 new  species were described fro m  C uba du ring  th e  la s t e ig h t years 
a n d  a g re a t  num ber of n o m e n c la tu ra l changes were su g g ested  accord ing  to  A la in  H. L iogier  
(1971), B isse  (1976), B o r h i d i  a n d  M uniz  (1977a, b).
P s id iu m  navasense B ritt, e t  W ils. =  M yrtus navasense  (B r i t t ,  e t W ils.) Bisse
P s id iu m  reversum  U rb. M yrtus reversa  (U rb.) Bisse
P s id iu m  calycolpoides G riseb. =  M yrtus calycolpoides (G riseb .) B urr.
P s id iu m  versicolor U rb. M yrtus calycolpoides (G riseb .) B u rr .
P s id iu m  ja ck ii  U rb. M yrtus calycolpoides ssp. ja c k ii  (U rb .) B orhid i 
P s id iu m  leiophloeum  (U rb .) U rb . M yrtus leiophloea (U rb .) Bisse 
P s id iu m  claraense U rb. M y rtu s c laraensis (U rb.) Bisse
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P sid iu m  araneosum  U rb . M yrtus a ran co sa  (U rb .) Bisse
P sid iu m  bullatum  B ritt , e t W ils. M yrtus an om ala  B urre t
P sid ium  crenulatum  U rb. e t E k m . M yrtus c ren u la ta  (U rb . e t E km .) Bisse
P sid ium  m u n izia n u m  B o rh id i in  A cta B ot. A cad. Sei. H ung . 21: 225. 1975 M yrtus inuni-
z ian a  (B orh id i) B orhid i com b. n.

Fig. 19. P a ra ty p e  specim en (w ith  fem ale  flow ers) of X ylo sm a  acunae B orh id i e t  M uniz (27693
НАС)

A m o m is  pilotoana  U rb . K ro k ia  p ilo to an a  (U rb .) B orh id i in B o tan . K öziem . 64: 213. 1977.
P im enta  moaensis B orhid i e t M uniz K ro k ia  leonis B orhid i et Muniz noni. nov . non M yr- 
tekm ania  moaensis Areces
M yrtekm a n ia  podocarpoides A reces in Ciencias U niv . H a b an a  ser. 10. B otán ica  No. 3: 4. 1975 
K ro k ia  podocarpoides (A reces) B orhid i e t M uniz I.c. 213.
A m o m is  odiolens U rb. K ro k ia  odiolcns (U rb .) B orh id i e t M uniz
M  yrtekm an ia  adenoclada (U rb .) U rb . K rok ia  adenoclada (U rb .) B orhid i e t M uniz
M yrtu s  oligantha  U rb. K ro k ia  o lig an th a  (U rb .) B orhidi e t Muniz
M yrtekm an ia  f il ip e s  U rb. K ro k ia  filipcs (U rb .) B orhidi et M uniz
M yrtekm an ia  moaensis Areces K rok ia  m oaensis (Areces) B orhid i e t M uniz l.c. 214.
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Melastomataceae

G raffenrieda cordifolia A la in  =  M iconia  cordifolia (A lain) B o rh id i in  A b s tra c ta  B o tan ica  U niv. 
Sei. E ö tv ö s  5: 32. 1977.
M ic o n ia  monocephala U rb . =  P a c h y an th u s  m onocephalus (U rb .)  B orhid i l.c. p . 27.
M ic o n ia  cuabae U rb. - H e n r ie tte a  cuabae B orhidi l.c. 32. (Syn .: Henriettella cuabae Bisse) 
M ico n ia  urceolata U rb. =  T e traz y g ia  urceolata (U rb .) B o rh id i in  A cta  B ot. A cad. Sei. H ung. 
23 : 37. 1977.
M  iconia  delicatula A. R ich . =  T etrazy g ia  delicatula (A. R ich .) B o rh id i l.c. 37.
T etrazyg iopsis Borhidi

A  new genus was s e p a ra te d  from  Tetrazygia L. C. R ich , by  th e  nam e of Tetrazygiopsis 
w i th  8 species of A ntillean  d is tr ib u tio n  (in Acta B ot. A cad . Sei. H ung . 23: 3 4 -  35. 1977). The 
fo llo w in g  nom enclatural ch an g es w ere m ade:
Tetrazyg ia  brachycentra T r ia n a  =  Tetrazygiopsis b rach y c en tra  (G riseb .) B orhidi 
T etrazyg ia  ekm anii U rb . =  T etrazyg iopsis ekm anii (U rb .) B orh id i 
T etrazyg ia  laxiflora  N aud . =  T etrazygiopsis lax iflora (N a u d .)  B orh id i 
Tetrazyg ia  hispida  (Sw.) M acf. =  Tetrazygiopsis h isp ida  (Sw .) B orh id i 
T etra zyg ia  crotonifolia (D esr.) DC. =  Tetrazygiopsis c ro to n ifo lia  (D esr.) B orhidi 
T etrazyg ia  biflora (Cogn.) U rb . Tetrazygiopsis b iflo ra  (C ogn.) B orhid i
T etra zyg ia  tuerckheimii (C ogn.) E k m . ex Urb. =  T etrazygiopsis tuerckheim ii (Cogn.) B orhidi 
T etra zyg ia  urbaniana (Cogn.) C roiz. =  Tetrazygiopsis u rb a n ia n a  (Cogn.) B orhidi 
Tetrazyg ia  minor U rb. =  T e traz y g ia  lanceolata  U rb . ssp. m in o r (U rb .) B orhidi 
M ic o n ia  acunae B orhidi in  A b s tr a c ta  B otanica U niv . Sei. E ö tv ö s  B u d ap es t 5: 23. 1977. Holo- 
ty p e :  27223 НАС; Sierra M a e s tra , A lto de la F ran c ia , U v e ro ; collected  by  L. Stu c h lic k  and  
M. M o ncada  8. Febr. 1971. Iso ty p e s :  НАС, BP.
C alycogonium  rubens B o rh id i l.c. 24. H olotype: UO 179 Н А С ; Sierra del C ristal, R io Lebisa 
in  a l t .  ap p ro x . 600 m .a .s.l. C ollec ted  by  M. L ópez F i g u e i r a s , 26. Aug. 1959. Iso ty p es: H A JB , 
B P .
C alycogonium  flo r ib u n d u m  B o rh id i l.c. 25. H olotype: 26908 Н А С ; Sierra del C ristal. Collected 
b y  th e  G erm an Mission fo r In v e s tig a tio n s  of A lcaloids. M ay, 1968.
P ach ya n th u s moaensis B o rh id i l.c . 26. H olotype: 27745 Н А С ; (B o r h id i  4872) P ro v . o f O riente; 
S ie rra  de Iberia , Taco B ay, in  p in e-w ood land , S a n tam a ria . C ollected by  B o r h id i , M uniz  and  
V a z q u e z  22. M arch, 1970. I s o ty p e :  B P .
P a ch ya n th u s acunaeanus B o rh id i l.c . 27. H olotype: A la in  4259 НАС. P rov . o f P in a r  del Rio; 
S ie rra  de los Organos, F in ca  del A n có n , Vinales, in  h u m id  p ine-w ood land . C ollected b y  A lain 
IL  L io g ie r  19. May, 1955. I t  c an  be found  in the  R o sa rio -ran g e  as well.
P a ch ya n th u s neglectus B o rh id i l.c. 28. H olotype: 27746 Н А С ; P ro v . o f O rien te ; in  evergreen 
se rp e n tin e  scrub of M t. Cerro de  M iraflores, Moa. C ollected b y  B o r h i d i , R. Ca pote  and  R. 
O v i e d o  11. Sept. 1974. I so ty p e s : 27747 НАС, and  B P.

ssp. baracoënsis B o rh id i l.c . 29. H olotype: L eó n  18390 Н А С ; P rov . de O rien te , Cuesta 
de  P ie d ra ,  B aracoa. C ollected b y  L e ó n  23. Ju ly , 1938.
Ossaea m u n iz ii  B orhidi l.c. 30. H o lo ty p e : 27748 НАС (B o r h i d i  3361); P rov . of O rien te ; in the  
N a tu r e  Conserv. Area of C u p ey al, N o r th  of G u an tán am o , in  a lt . ap p ro x . 850 m .a .s.l. Collected 
b y  B o r h i d i , Muniz and  Va z q u e z  9. F eb r. 1970. Iso ty p es: 27749 НАС an d  B P.
Ossaea anomala  Borhidi l.c. 31. H o lo ty p e : Alain  4906 Н А С ; S ierra  de N ipe; S h ad y  lim estone 
c liffs; L om a Maceo, Cayo R ey . C ollected by  Alain  H .  L i o g i e r , С. V. Morton an d  L ópez 
F i g u e i r a s  7. Ja n u a ry  1956.
Iletero trichum  octonum  (B o n p l.)  DC. =  Clidemia octona (B o n p l.)  L. O. W illiam s
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M yrsinaceae

The genus R apanea  was in cluded  in to  th e  M yrsin e  L. b y  W. T. Stearn  in  B ull. B rit. 
Mus. N a t.-H is t. B o t. 4: 174. 1969 follow ed by  a n u m b er o f n o m en c la tu ra l changes:
R apanea fcrrug inea  (R u iz  et P av .) Mez M yrsine coriacea (Sw .) R . Br. ex R oem . e t  S ch u lt. 
R apanea gu ianensis  au c t. FI. Cub. non A ubl. M yrsine cu h an a  A. DC. according to  BoRHlDI 
in A cta A gron. A cad . Sei. H ung . 27: 437. 1978.
Rapanea m icrophylla  B ritt ,  c t W ils. M yrsine m icrophylla  (B r i t t ,  e t W ils.) Alain

Jacquin ia  L.

Theophrastaceae

A rev ision  of th e  C uban  species was published  in P la n t  Syst. Evol. 129: I 11. 1978 
by B o rh id i  a n d  M uniz  w ith  a new  an a ly tic  key an d  d esc rip tio n s o f 5 new species: ./. m a isia n a , 
J . oligantha, J .  m oana, J .  stenophylloides an d  J .  n ipensis , a n d  w ith  d is trib u tio n  m ap s  of 
the  species.

Onagraceae

Ludw igia  microcarpa  Faw c. e t R end le  non M ichx. Ludw igia sim psonii Chapin.

M en y  a nthaceae

N ym phoides hum boldtiana  (K u n th )  K u n tze  N ym phoides ind ica  (L .) K untze

Convolvulaceae

Ipom oea pes-caprae  (1,.) R. Br. ssp. brasiliensis (L .) O o sts tr . is the  v ica rian t neo tro p ica l su b ­
species ex is ting  also in Cuba.

Borraginaceae

Tournefortia gnaphalodes L. M allo tonia gnaphalodes (L .) B ritt .
Cordia stenophylla  A la in  p .p . Cordia su ffru ticosa  B orh id i in A c ta  Bot. Acad. Sei. H u n g . 22: 
315. 1976.
Cordia cinerascens A. DC. p .p . Cordia holguinensis B orh id i c t  M uniz l.c. 316.

Verbenaceae

I*hyla betulifolia  (H B K .)  G reene L ippia hetulifolia K u n th
Phyla scaberrima (A. L. Ju ss .)  M old. Lippia scaberrim a (A. L. Ju ss .)  Sond.
]*hyla stoechadifolia  (L .) Sm all L ippia stoechadifolia  (L .) K u n th  
Phyla nodiflora  (L .) G reene L ippia nodiflora (L .) M ichx.
Phyla strigulosa  (M art, e t Gal.) Mold. Lippia strigulosa M art, e t Gal.
P seudocarpidium  w rightii Millsp. Pseudocarpidiuiii ilicifoliuni (A. R ich .) Millsp. sensu A. R ich . 
P seudocarpidium  ilic ifo lium  (A. R ich .) Millsp. sensu M illsp. Pseudocarpidiuiii neg lec tu in  
Bisse in C iencias U n iv . H a b an a  ser. 10. B otanica No. 2: 19. 1975 sub  nom ine Pseudocar p id iu m  
44neglecta” .
Vitex tomentosula  M old. p .p . as for th e  p lan ts o f the  P ro v in ce  P in a r  del Rio Vitex g u a n a -  
hacabibensis B o rh id i a n d  Vitex acu n ae  B orhidi e t M uniz in A c ta  B ot. Acad. Sei. H u n g . 22: 
317 318. 1976.
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Solanaceae

S o la n u m  aculeatum  (J a c q .)  O. E . Schulz S o lanum  a q u a rlia  D unai

Scrophulariaceae

S crophu laria  m icrantha  D esr. Scrophularia  m in u tif lo ra  Pennell 
G erardia albida (B ritt , e t P e n n .)  Penn . =  A galinis a lb ida  B r itt ,  e t Penn. 
G erardia lin ifo lia  N u tt .  A galin is linifolia (N u tt .)  B r i t t .
G erardia purp u rea  L. — A galin is p u rpurea  (L .) P en n .

Bignoniaceae

Schlegelia  brachyantha  G riseb. =  Schlegelia p a ras itica  (Sw .) Miers ex Griseb.
Spirotecom a apiculata  (B r i tt .)  A lain  p .p . =  S p iro tecom a guan tan am en sis B isse in Ciencias 
U n iv . H a b a n a  ser. 10. B o t. N o. 2: 20. 1975.
C atalpa puncta ta  Griseb. v a r. pubescens Griseb. —- C atalpa  pubescens (G riseb .) Bisse l.c. 21. 
S o u th e rn  O riente.

Acanthaceae

B lech u m  brownei Ju ss . = B lech u m  p y ram idatum  (L am .) U rb .
A n th a ca n th u s  Nees 1847 O plonia R ef. 1838 acco rd in g  to  th e  excellent m o n o g rap h  of T . W. 
St e a r n  (B ull. B rit. Mus. N a t .-H is t  4. No. 7. 259 — 323. 1971). The above re su lts  a n d  a recen tly  
p u b lis h e d  o th er revision of th is  genus (B o r iiid i  a n d  M u n iz  in  A cta B ot. A cad. Sei. H ung . 23: 
303 317. 1977) m odified  th e  n u m b er an d  nam es o f th e  A ntillean  species, as follow s:
P silan thele  jam aicensis  L in d a u  Oplonia jam a ic en s is  (L in d au ) S tearn  
A n th a ca n th u s  arm atus (Sw .) N ees = Oplonia a rm a ta  (Sw .) S tearn
A n th a ca n th u s  acicularis sensu  L in d au  in U rb . p .p . Oplonia a rm a ta  va r. pallid io r S tearn  
O plon ia  m o an a  B orhid i in  B o r i i i d i  e t Muniz  l.c. 308. (C uba: Moa region, endem ic) 
A n th a ca n th u s  spinosus  (J a c q .)  N ees — Oplonia sp inosa  (Ja cq .)  R af. sensu B o rh id i non  S tearn  
1971 d iv id ed  in to  2 subspecies:
— — ssp. spinosus  (H isp an io la  V irgin Islands)
— — ssp. insularis B o rh id i l.c. 308. (B aham as)
A n th a ca n th u s  spinosus a u c t. FI. Cub. Oplonia cubensis B orh id i l.c. 309.
A n th a ca n th u s  nannophyllus  U rb . - Oplonia n an n o p liy lla  (U rb .) S tearn  
A n th a ca n th u s  purpurescens  G riseb . Oplonia p u rp u rascen s  (Griseb.) S tearn  
O p lon ia  m ultigem m a B o rh id i l.c. 312. (C uba: se rp en tin e  b a rren s of H olguin, P ro v . o f O rien te ; 
sy n .: O plonia tetrasticha v a r . polyece  S tearn  p .p .)
A n th a ca n th u s  m icrophyllus (L am .) Nees = O plonia m icrop liy lla  (L am .) S tearn  
A n th a ca n th u s  acicularis (Sw .) N ees - Oplonia ac icu la ris  (Sw .) S tearn
A n th a ca n th u s  tetrastichus W r. ex  Griseb. O plonia te tra s tic h a  (W r. ex G riseb) S te a rn  sensu 
B o rh id i l.c. 309 310.
O plon ia  polyece (S tearn ) B o rh id i l.c. 312 313. C oasta l regions of th e  P ro v in ce  o f O riente ;
C u b a ; endem ic. (B asionym on: Oplonia tetrasticha v a r . polyece  S tearn  p .m aj.p . l.c. 311.) 
O plon ia  acu n ae  B orhid i l.c. 313. (C uba: Sierra M aestra , endem ic)
E ly tra r ia  p lan ifo lia  L eo n ard  is d iv id ed  in to  2 subspecies: 

ssp. plan ifo lia  an d
ssp. acunae B orh id i e t M uniz  l.c. 315.

T w o o th e r  new  species o f th e  genus E lytraria  a re  also  p u b lished : E. spa thu lifo lia  B orh id i e t 
M u n iz  l.c . 315. and  E . f i l ic a u lis  B orh id i e t M uniz l.c. 315 — 316.
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Gesneriaceae

Pheidonocarpa  L. Skog 1976

The re cen t ly  c rea ted  new  genus for th e  species of Cuba and  J a m a i c a  
form erly  classified in H eppiella  seems to  be  an  ad eq u a te  so lution o f  th is  
tax o n o m ic  p rob lem , and  th e  new genus Pheidonocarpa  can be accepted . A t  th e  
same tim e  we can  n o t  agree w ith  the  subspecif ic  s ta tu s  of the J a m a ic a n  and  
C uban  t a x a ,  respec tive ly .  As for the  m orpho logy , b o th  t a x a  have well de f in ed  
m orphologically  r a th e r  c o n s ta n t ,  popu la t ions  v a r ia b le  a t  very  low level w i th o u t  
any  m orphological t ra n s i t io n  or in te rm e d ia te  fo rm s. The hab i ta ts  o f  th e  tw o 
following t a x a  are n o t  as sim ilar as L. S k o g  w ro te ,  because Pheidonocarpa  
corymhosa (Sw.) Skog grows on shaded  l im e s to n e  cliffs, while P h. cubensis  
(Morion) B orh id i  lives in an  ex trem ely  d ry  sem ideser t ic  l im estone-a rea ,  on 
sunny  cliffs a n d  slopes. T h e  areas of  the  tw o  t a x a  h ad  been g eograph ica lly  
iso lated  m ore  t h a n  1 million years ago, and  th e re  is no evidence of a n y  gene tic  
in te rac t io n  b e tw een  th e  C uban  and  J a m a ic a n  popu la t ions .  F or  th is  rea so n  
1 prefer to  consider th e m  as two different species:

Pheidonocarpa cubensis (M orton) Borhidi com b. n.

B asio n y m o n : H eppiella  cubensis M orton in B r i tto n ia  9: 21. 1957. [Syn.: Gesneria mor- 
tonii W ieh ler in  B aileya 18: 4. 1971. Pheidonocarpa corymhosa  (Sw.) Skog. ssp . cubensis  
(M orton) Skog. in  Sm iths. C ontrib . to B ot. 29: 43. 1976.]

Some rem ark s  on Cuban resp. A nti l lean  Gesnerias

A v e ry  considerab le  m onograph  was p u b l ish e d  by  L. Skog  (1976) on  th e  
Tribe Gesnerieae w i th  a critical revision of  t h e  genus Gesneria (S m ith so n ia n  
C on tr ibu tions  to  B o ta n y  No. 29. 1976). This rev is ion  was based on f ie ld  and  
h e rb a r iu m  s tud ies ,  b u t  th e  a u th o r  had no o p p o r tu n i ty  to  acquire f ie ld  e x ­
perience in E a s te rn  Cuba an d  H ait i ,  a l th o u g h  th e se  areas m ust be con s id e red  
as ev o lu t io n a ry  cen ters  o f  th e  Antillean F lo ra  inc lud ing  the  genus G esneria. 
In  spite  o f  th is ,  th e  a u th o r  realized a v a lu ab le ,  polyfacetic  and f u n d a m e n ta l  
work, f i rs t  o f  all, in respec t  of the  superspecific  level of the  genus d iv id in g  it  
in to  9 sections. R eg ard in g  th e  details  of his ta x o n o m ic  study , I h ave  to  m a k e  
some rem ark s ,  as follows:

G eneral rem arks

1. Reduction o f  ta xa :  T h e  form er m o n o g ra p h e rs  of the  Gesneriaceae, as 
U r b a n  an d  M o r t o n  were o u ts ta n d in g  b o ta n is t s  a n d  I have  had in n u m e ra b le  
o p p o r tu n i t ie s  d u r ing  m y  taxonom ic  ac t iv i ty  to  p ro v e  th a t  the  ta x a  d esc r ib ed
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b y  t h e m  were m ostly  rea l ly  existing ones a t  some taxonom ic  r a n k .  S k o g  
r e d u c e d  to  Synonyma, w i th o u t  taxonom ic  r a n k ,  as m an y  as 22 species described  
b y  U r b a n  (15 species), A l a i n  (4), B r it t o n  a n d  W ils o n  (2) and M o r t o n  (1) 
n o t  m e n t io n in g  here a la rge  n u m b e r  of r e d u c e d  subspecific ta x a .  R e d u c t io n  is 
an  u p  to  d a te  t re n d  in  t a x o n o m y ,  b u t  i t  is som etim es  forced, and  he lp s  m ore 
to  o c c u l t  th e  deficiency o f  th e  taxonom ic  s tu d ie s  th an  to ach ieve  a com ­
p re h e n s iv e  knowledge o f th e  real v a r iab i l i ty  a n d  richness of n a tu re .

2 .  Species concept: D is t inc t ion  am o n g  th e  species was m ad e  b y  S k o g , 
f i r s t  o f  all, upon  a basis o f  h e rb a r iu m  m orp h o lo g ica l  differences. M a n y  a u th o rs  
t h in k ,  t h a t  th e  scale or e x te n t  of m orphological differences are the  co n f id en t ia l  
c r i te r ia  o f  taxonom ic  r a n k in g ,  and consider p o p u la t io n s  w ith  g re a te r  m o rp h o ­
log ica l  d is t inc t ion  as species, o ther  ones w i th  less differences as subspecies ,  
a n d  o t h e r  popu la tions  m orphologically  even  less distinct,  as v a r ie t ie s .  This 
c o n c e p t  leads  necessarily  to  a high n u m b e r  o f  sub jec t ive  tax onom ic  decisions.

T h e  species concep t  m u s t  be based  on  t h e  d iscontinu ity  of  v a r ia b i l i ty  
r a n g e s .  “ B ig ”  and “ l i t t l e ”  m orphological d if ferences m us t  be considered  equ a l ly  
c o n s e q u e n t  and  “ good” specific  fea tures  i f  t h e y  are separa ted  b y  a m o rp h o ­
log ica l h ia tu s  accom panied  m ost ly  by  a gen e t ic  ba rr ie r  betw een  the  d if fe ren t  
p o p u la t io n s .

T h e  high n u m b e r  of  th e  endemic v ic a r i a n t  species is an  i m p o r t a n t  
c h a ra c te r i s t ic  of th e  W e s t  In d ia n  flora . M ost  o f  these endemic species are 
r e p r e s e n te d  b y  few, l i t t le -m em b ered  p o p u la t io n s  inhab it ing  a sm all  d i s t r i b u ­
t io n a l  a re a .  Most of these endem ic  “ little  spec ies”  developed from  one or more 
a n c ie n t  species of th e  re spec tive  genera  b y  t h e  separa tion  of th e  d iffe ren t  
is lan d s ,  a n d  by m arine  transgressions iso la t in g  th e m  first geograph ica lly ,  and 
a f te r  t h e  geographic  iso la tion  th e  few -m em bered  popu la tions  have b een  d iv ided  
m o rp h o lo g ica l ly  and gene tica l ly  as well b y  th e  genetic drift. At one h a n d ,  in 
t h e  c o n t in e n t s  the  m echan ism  of spéciation  b y  d r i f tag e  of the  little  p o p u la t io n s  
is r a t h e r  ra re  and n o t  e ff ic ien t;  — occurs m o s t ly  in the  flora  of t h e  e lev a ted  
p e a k s  o f  m ou n ta in s .  On th e  o th e r  h and ,  in t h e  special ecological c o n d i t io n s  of 
th e  i s la n d  ecosystems of h ig h er  specific a d a p ta t io n  and lower co m p e t i t io n ,  
gen e t ic  d r i f t  m ay  be an  im p o r t a n t  w ay  in t h e  evo lu t io n  of the  flora.

3.  In fraspec ific  ranks. According to  S k o g  (1976: 39) “ The c r i te r io n  for 
d is t in g u ish in g  subspecies w i th in  the  species h a s  been  the  presence of  m o rp h o ­
logical v a r ia n ts  appear ing  in  tw o or more geog raph ica lly  d is tinc t p o p u la t io n s .  
Som e species of Gesneria h a v e  been d iv ided  in to  varieties because th e  p lan ts  
are  less m orphologically  d is t in c t  or g eog raph ica lly  isolated th a n  th o s e  t a x a  
c o n s id e re d  subspecies in o th e r  species” . T hese  c r i te r ia  are u n a c c e p tab le .  The 
q u a n t i t y  of  the  existing  popu la t io n s  ca n n o t  be considered as c r i té r iu m  of a 
t a x o n o m ic  rank .  N o t re fe rr ing  here to  the  th e o re t ic a l  weakness of th is  con cep t ,  
th e  f l o r a  o f  th e  W est Ind ies  is n o t  well-known en o u g h  to  perm it us to  d e te rm in e  
e x a c t ly ,  h o w  m an y  of p o p u la t io n s  really  e x is t  in  th e  different t a x a .  I n  th e
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Y u n q u e  de B aracoa  o f  Cuba one o f  th e  m o s t  im p o r ta n t  g ene-cen ters  o f  the  
G esnerias — a b o u t  ten  different p o p u la t io n s  of  Gesneria p u rp u ra scen s  are 
know n. B y  a specialist who knows th e  m a te r ia l  only from h e rb a r ia ,  all these 
p o p u la t io n s  m ay  be considered as a single one. And th is  is an im p o r t a n t  s t a r t ­
ing -po in t  of taxonom ic  m istakes, because  leads  to  confusion in  th e  in te r-  
p o p u la t io n a l  and  in frapopu la t iona l  v a r ia b i l i ty .  F o r  this reason is t h a t  in  th e  
use of th e  v a r ie ty  ran k  a lot of inconsequences  can  be found. As for o u r  concept, 
th e  p o p u la t io n s  of b o th  subspecies and  v a r ie t ie s  differ mostly  in q u a n t i t a t i v e  
ch a ra c te rs  and  in th e  case of b o th  can  be fo u n d  morphologically  t ra n s i t io n a l  
p o p u la t io n s  be tw een  the  typ ica l p o p u la t io n s  and  th e m  (lack of h ia tu s  !). The 
subspecies have  a geographically  or ecologically  “ in d ep en d en t”  iso la ted  or 
v ic a r ia n t  area, varie ties  have th e ir  p o p u la t io n s  w ith in  the d is t r ib u t io n  range 
of  th e  ty p ica l  tax o n .

On th e  basis of the  above c riteria  I su g g est th e  follow ing changes in  th e  ta x o n o m y  of 
th e  genus G esneria:
G esneria verrucosa  (D ecne) O. K u n tze  (B asio n y m o n : P entaraphia  verrucosa D eca isn e  A n n . Sei. 
N a t. B o t. sér. 3; 6: 107. 1846). 

ssp. verrucosa 
v a r . verrucosa
v a r. cubciisis (D ecne) Borhidi comb, et sa tu s  novus
(B asio n y m o n : Pentaraphia cubensis D ecaisne A n n . Sei. N at. Bot. ser. 3: 6: 108. 1846.) 
ssp. tru n c a ta  (A lain) B orhidi com b, e t s ta tu s  novus
(B asio n y m o n : Gesneria truncata  A lain  B ritto n ia  20: 155. 1968. Gesneria cubensis  var. 
truncata  (A lain) Skog Sm iths. C ontr. 29: 57. 1976.]

G esneria h e te ro ch ro a  U rh. 
v a r . heterochroa
var. tu rqu inensis (M orton) B orhidi com b, nova
(B a sionym on: Gesneria clarensis B ritt ,  e t W ils. v a r . turquinensis M orton  in  B r itto n ia  9: 
19. 1957.)

G esneria fe rru g in ea  (W r. in Sauv.) U rh . is a v a lid  serpen tin ico lous species, en d em ic  to the 
C a ja lb an a -R an g e  (P rov ince  of P in a r del R io); m o rp h o lo g ically , geographically  a n d  ecologically 
d is tin c t a n d  iso la ted  com plete ly  from  G. salicifo lia  (G riseh .) U rb.
G esneria salicifo lia  (G riseh .) U rb. 

ssp. salicifolia
ssp. gibberosa (U rb .) B orhidi com b, nova
(B asio n y m o n : Gesneria gibberosa U rb . in  F ed d es  R ep ert. 13: 477. 1915.) 
ssp. sp a th u la ta  (L. Skog) B orhid i s ta tu s  novus
(B asio n y m o n : Gesneria salicifolia  va r. spa thu la ta  L. Skog in Sm iths. C o n trib . to  B otany 
29: 71. 1976.)

G esneria scab ra  Sw. 
ssp. scabra
ssp. sp haeroearpa  (U rb .) B orhid i s ta tu s  novus
(B asio n y m o n : Gesneria sphaeroearpa  U rh . in  S y m b . A nt. 5: 499. 1908. S y n .: Gesneria 
scabra v a r . sphaeroearpa Skog l.c. 83.)

G esneria faw cetlii U rb. 
ssp. faw cettii
ssp. viridicalyx (Skog) B orhidi com b, e t s ta tu s  novus
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B asionym on: Gesneria scabra  va r. virid icalyx  Skog in  Sm iths. C ontrib. to  B o ta n y  29: 
84. 1976.

G esneria  duchartreo ides sen su  L . Skog non (W r. in  S au v .) U rb . is a collective species, a r t i ­
fic ia lly  u n ified  of five o r a t  le a s t fo u r d istin c t species, b y  L. Sk o g . This fac t is e v id e n t fo r all 
b o ta n is ts  who have  ever seen a n d  collected in flow er liv in g  specim ens of Gesneria n ip en sis  
B r i t t ,  e t  W ils, (endem ic to  INipe M oun ta ins), G. pachyclada  U rb . (endem ic to Cristal M o u n ta in s), 
G. norlin d ii U rb . (endem ic to  th e  M oa-Toa-R anges), G. duchartreoides (W r. in  S au v .) U rb . 
a n d  G. bracteosa U rb a n  (en d em ics to  B aracoa-R ange). W ith in  th e  strik ingly  w ide v a r ia b il i ty  
ran g e  of G. duchartreoides in te rp re te d  by  Skog th e re  c a n n o t be  found  a c o n tin u ity  e ith e r  in  
m orp h o lo g ica l or in  a  g eo g rap h ica l respect. The Sectio  M yrm ekian the  Skog is re p re se n te d  
rea lly  b y  fo u r or five good species o r a t  least by  v ic a r ia n t subspecies. The d is tr ib u tio n  m ap  of 
th is  sec tio n  published  b y  Skog  (fig . 52, p. 89) is r a th e r  in a c c u ra te , th e  au th o r ob v io u sly  h ad  
no know ledge  ab o u t th e  g e o g rap h y  of its  d is trib u tio n  ra n g e , a s  i t  tu rn s  ou t from  th e  n u m ero u s  
o r th o g ra p h ic  m istakes w hen  desc rib in g  th e  nam es of C u b an  loca lities.
G esneria  hum ilis L.

— ssp. hum ilis
ssp. celsioides (G riseb .) B o rh id i comb, et s ta tu s  novus
[B asionym on: Conradia celsioides Griseb. in C at. P la n t.  Cub. 200. 1866. — S yn .: Penta- 
raphia  celsioides (G riseb .) G ôm ez de la Maza A nal. Soc. E sp . H ist. N at. 23: 279. 1894. 

Gesneria celsioides (G riseb .) U rb. Sym b. A n t. 2: 377. 1901.]
S k og  supposed  G. celsioides is n o th in g  m ore th a n  a n  eco log ical m odification  of G. h u m ilis  L. 
I t  is a m is tak e , because G. celsioides lives in  several p o p u la tio n s  in  th e  O rganos-R ange (P ro v ­
in ce  o f P in a r  del R io) grow ing  on sh a d y  cliffs, ra th e r  fa r  fro m  r iv e r  beds, h a b ita t  o f G. h u m ilis . 
G esneria hu m ilis  L. is one of th e  few  species in  this genus w ith o u t  a n y  special ecological d e m an d , 
a n d  grow s on lim estone, se rp e n tin e  an d  volcanic rocks w ith o u t  an y  notable m orpho log ical 
m o d ific a tio n , an d  th is  fa c t  c o n tra d ic ts  th e  th eo ry  of Sk o g . T herefore, due to  th e  m o stly  
q u a n ti ta t iv e  m orphological d ifferences betw een th e  tw o ta x a  I suggest considering th e m  as 
subspecies.
G esneria  libanensis L inden  ex  M orren
— — ssp . libanensis
— — ssp. lopezii (M orton) B o rh id i com b, e t sta tus novus

(B asionym on: Gesneria lopezii M orton in  B ritto n ia  9: 19. 1957.)
G esneria  pu rpurascens U rb .

— v a r . purpurascens
— v a r . yum uriensis (B r i t t ,  e t  W ils.) B orhidi com b, e t  s ta tu s  novus

(B asio n y m o n : Gesneria y u m u rie n sis  B ritt, e t W ils, in  M em . Torr. Bot. Club 16: 109. 
1920 as “G. ya m u rie n sis” .)

G esneria  acu n ae  B orh id i in  A c ta  B o t. Acad. Sei. H u n g . 22: 320. 1976 (fig. 20) w ith  c a ly x  
lobes 10 —13 m m  long, l in e a r-la n ce o la te , corolla 25 — 28 m m  lo n g , tu b e  obconic, n o t v en trico se  
a t  th e  m id d le , 7 — 9 m m  w ide a t  th e  th ro a t ,  w ith  b asa l lobe  8 — 10 m m  long and  w ide, c ap su le  
5 — 6 m m  long, villous, o b v io u sly  does n o t belong to  G. pu rp u ra scen s  U rb ., as i t  was c lassified  
b y  Skog  (1976: 118) based  on  th e  h o lo ty p e  specim en (A l a in  a n d  A cuna 7541).
G esneria  pallida M orton in  B o rh id i e t  M uniz A cta B o t. A cad . Sei. H ung. 22: 319. 1976 w ith  
1 2  cm  long  peduncled  1 -flow ered  inflorescences, c a ly x  lobes lanceolate , 1-nerved, coro lla  
p a llid  yellow  (T ype specim en: A l a i n  7609) does no t be lo n g  to  G. reticulata (G riseb.) U rb ., as 
i t  w as classified  by  Skog  (1976: 120).
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K ey  to th e  species o f  th e  Section Duchartrea

1 a C alyx  lobes th ickened  and  hollow apically  (Cuba, e n d e m i c ) ...........................
........................................................................................................  Gesneria viridiflora

Leaves obtuse or e m a rg in a te  a t  th e  apex, corolla green, lobes long
f im b ria te  ........................................................................................ ssp. viridiflora
Leaves acu te , corolla red  or reddish-yellow, lobes so m ew h a t  short
f im b ria te  ............................................................................................  ssp. colorata

b C alyx  lobes rounded  to  a c u m in a te ,  no t th ickened  and  hollow ap ica l ly  2
2 a  Corolla verrucose, capsule grossely  verrucose (S o u th -W este rn  H a i t i ,  en ­

demic) .......................................................................  Gesneria acrochordonanthe
b Corolla sm ooth , capsule sm o o th  to  finely verrucose (H ispan io la ,  P u e r to

R i c o ) ............................................................................................... Gesneria sintenisii
Leaves subcoriaceous, m em b ra n o u s  when  young , green b e n e a th ,  u p p e r
corolla lobe entire (P o r to  Rico, e n d e m i c ) ..........................  ssp. sintenisii
Leaves coriaceous, even  w h en  young, copper coloured b e n e a th ,  up p e r
corolla lobe den ticu la te  (S an to  Domingo, endemic) ....................................
........................................................................................................  ssp. quisqueyana

G esneria v irid iflo ra  (D ecaisne) О. К n u tze
ssp. virid iflora

— ssp. colorata (M orton) B orh id i
G esneria acro ch ordonan the  (Skog) B o rh id i s ta tu s  novus

(B asio n y m o n : Gesneria v irid iflora  ssp. acrochordonanthe Skog Sm iths. C o n trib . to  B o tan y
29: 139. 1976.)

G esneria sin ten isii U rb.
ssp. sin ten isii
ssp. quisqueyana (A lain) B o rh id i conib . e t  s ta tu s  novus
[B asionym on: Gesneria quisqueyana  A lain  in Mem. New Y ork B o t. G ard . 21 (2): 147.
1971. Syn.: Gesneria v ir id iflora  ssp. quisqueyana  (A lain) Skog l.c. 140.]

Rubiaceae

Portlandia  ophiticola  B orhidi in  A b s tra c ta  B o t. U niv . Sei. E ö tv ö s B u d ap es t 5: 34. 1977. Holo- 
ty p e : UO 1037 in НАС; Cuba, P rov . O rien te , Sierra de N ipe, ch arrasca l de La C ueva, P in a re s  
de M ayari. C ollected by  López F ig u e ir a s  27 — 31, M ay, 1960. Iso ty p es: НА С, H A JB . 
P ortlandia acunae B orhidi l.c. 35. H o lo ty p e : A lain  7381 in НА С; C uba; P ro v . O rie n te ; Sierra 
de N ipe: on  lim estone cliffs of F lo rida  B lan ca , A lto Songo in a lt. ap p ro x . 450 m .a .s .l. Collected 
b y  A l a i n , A cuna  and  L ópez F i g u e i r a s . Iso ty p es: НАС.
Isidorea rheedioides B orhidi l.c. 37. H o lo ty p e : A lain  7097 in  НАС; C uba; P ro v . O rien te ; in 
lim estone  l it to ra l  th ick e ts  betw een  C a jobabo  and  Jau co . C ollected b y  Ala in  a n d  L ópez  
F i g u e i r a s , D ecem ber 31, 1959.
Schm idtottia  corymbosa B orhidi l.c. 37. H o lo ty p e: L eón  23224 НАС; C uba; P ro v . O rien te ; 
M ina F ra n k ly n  in pine w oodlands n e a r to  Moa. Collected by  L eón  an d  Cl e m e n t e  J u ly  20, 
1947. Iso ty p e : Cle m e n t e  5543 НАС.
Schm idtottia  stricta  B orhid i l.c. 38. H o lo ty p e : 27797 НАС; C uba; P ro v . O rien te ; in  se rp en tin e  
th ic k e ts  o f a v a lley  in th e  M ount Cerro de M iraflores near to Y ag u an eq u e , M oa. C ollected by  
M. M oncada  an d  A. B o r h id i , S ep tem b er 11, 1974. Iso ty p e : B P.
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Fig. 20. H o lo ty p c  sp ec im en  of Gesneria acunae  B o rh id i (A la in  7541)

Coccocypselum  pseudotontanea  G riseb . va r. glaberrima B o rh id i e t M uniz in A b s tra c ta  B ot. U niv. 
Sei. E ö tv ö s  B udapest 5: 40. 1977. H olo type: L F  2270 Н А С ; C uba; P rov . O rien te ; Sierra 
M a e s tra ;  in  m ontane ra in  fo re s ts  o f  La M aestrica, A lto de V alenzuela  in a lt. 1300— 1500 m .a.s.l. 
C ollec ted  by  López F i g u e ir a s  A u g u s t 10, 1955. Iso ty p es: Н А С , H A JB .
Coccocypselum oblongatum  U rb . =  Coccocypselum X o b lo n g a tu m  (U rb .) B orh id i e t M uniz [C. 
pseudotontanea  var. glaberrim a  X C. lanceolatum  (R uiz  e t P a v o n ) Pers.]
A n tirh e a  m inutifolia  B o rh id i e t  C ap o te  in  A b strac ta  B ot. U n iv . Sei. E ö tv ö s , B u d ap es t, 5: 40. 
1977. H o lo ty p e: 27803 Н А С ; C u b a ; P rov . O riente; in  a r id  se rp en tin e  m icrophyllous th ic k e t of 
C erro  G alano near to H o lgu in . C ollected  by  B o r h i d i , Ca po te  e t  Ov i e d o , S ep tem ber 25, 1975. 
I so ty p e s : НАС, BP.
A n tirh e a  n ipensis  B orh id i e t  M u n iz  l.c. 4L  H olo type: 27798 Н А С ; C uba; P rov . O rien te ; Sierra 
d e  N ip e ; in  pine w oodland  o f P in a lito , South  of P in a res  de M ayari. Collected by  J . R eyes  
X L IV /3 1 . M arch, 1975. Iso ty p e :  B P .
M a ch a o n ia  urbinoi B o rh id i e t  M uiïiz  l.c. 42. H o lo ty p e: 277. Н А С ; C uba; P ro v . O riente ; in 
se rp e n tin e  th ick e ts of th e  p e a k  o f  Cerro Galano, n ear to  H olgu in . Collected b y  J .  U r b in o , 
A u g u s t  14, 1975. Iso ty p es: H A C (SV ); BP.
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Casasia clusiifo lia  (Ja cq .)  U rb . va r. hirsuta  B orh id i l.c. 43. H o lo type: 27768 Н А С ; C uba: 
P ro v . O rien te ; in  litto ra l lim estone  w oodland betw een  G ib ara  an d  Caletones. C ollected by 
Bo r i i i d i , Ca po te  and  O v ie d o , S ep tem b er 26, 1975. Iso ty p e s: НАС: BP.
R ichard ia  L. in Cuba.
An excellen t taxonom ic  rev ision  p u b lished  by W . H . L e w i s  and  R . L. O l iv e r  (B ritto n ia  
26. 271 -  301. 1974) m ade  necessary  th e  following changes:
R ichardia  brasilensis Gôm ez R ich ard ia  scabra  L.
D iodia  arenicola  B r itt ,  e t W ils. R ichard ia  a ren ico la  (B r i t t ,  e t W ils.) Lewis e t O liver 
D iodia ciliata  B ritt, e t W ils. R ichard ia  ciliata  (B ritt , e t  W ils.) Lewis e t O liver 
D iodia pectid ifo lia  U rb . S ym bolae  A n tillanae  9 : 540. 1928. R ichardia pcclid ifo lia  (U rb .) 
B orhidi comb. n. (R ichardia m uricata ssp. pectidifolia  Lew is e t O liver)

Campanulaceae

Siphocam pylus glaber M cV augh is a sep ara te  species. W im m e r  d oub ted  S. glaber could  have  
blue corolla (a fte r  Sh a f e r ) being  th e  only occurrence of th is  fe a tu re  in th e  genus S ip h o ca m p y­
lus  a n d  included  S. glaber to  S. subglaber U rb. as its  v a r ie ty . This decision was a ccep ted  by  
A lain  H. I j o g i e r  in th e  F lo ra  de Cuba 5: 169. 1964 as well. B orhid i  and  Mu n iz  a n d  th e ir  
c o llab o ra to rs  collected S. glaber several tim es in th e  N ipe M o u n ta in s and  observed , th is  species 
has a lw ays corolla of b lue  tu b e  an d  red  lobes, fea tu res  n ev er observed in  S. subglaber U rb . 
h av ing  corollas o f red  tu b e  an d  yellow lobes. S. glaber is a n  endem ic species to  th e  N ipe and  
C ristal R anges, while S. subglaber is endem ic to th e  M oa-T oa-B aracoa R ange.
Lobelia cacum inis  B ritt ,  e t W ils, in  Bull. T orr. B ot. C lub 50: 50. 1923 Lobelia oxyphylla 
U rb . ssp. cacum in is (B ritt ,  e t W ils.) B orhid i s ta tu s  novus. [Syn.: L. oxyphylla  v a r . cacum inis  
(B r i tt ,  e t W ils.) E . W im m er in P flan zereich  1Y. 276/b (107): 621. 1953.J
Lobelia oxyphylla  U rb . sensu M. V iet, e t sensu A lain  p .p . Lobelia shaferi U rb . w ith  3 v a rie ­
ties: va r. shaferi, v a r . obtusata (U rb .) E . W im m . and  v a r. n ipensis  (U rb.) E . W im m .

Compositae

M elanthera  deltoidea M ichx. M elan thera  aspera  (Ja cq .)  L. C. Rich.
A m brosia panicu la ta  M ichx. A m brosia peruv iana  W illd.
X a n th iu m  chineuse au c t. an till. X an th iu m  occidentale B értő l.
E m ilia  sagittata  (V ahl) DC. E m ilia  jav an ica  (B urin , f.) R obins.
Pluchea purpurascens  (Sw.) DC. = P luchea  odorata  (L .) Cass.
T r ix is  radiális  K u n tze  =  Trixis in u la  C rantz
Lactuca intybacea Nacq. L au n aea  in tybaeea (Ja cq .)  B eauv .

Acta  B o tan ica  A ca d em ia e  Scien tiarum  H u ngaricae  25 , 1979





NOTAS SOBRE TÁXONES CRITICOS O NEE VOS 
DE LA FLORA DE CUBA

Рог

A. Bo R I I I  DI

INSTITUTO DE BOTÁNICA DE LA ACADEMIA DE CIENCIAS DE HUNGRÍA, VÁCRÁTÓT

y
O. M u n i z

INSTITUTO DE BOTÁNICA DE LA ACADEMIA DE CIENCIAS DE CUBA, LA HABANA 

(R eceived  A pril 20, 1978)

T he a u th o rs  t ry  to resolve som e tax o n o m ic  prob lem s of the  C uban  F lo ra  p ropos­
ing som e co rrec tions, new  co m b in a tio n s a n d  describ ing  10 species, 3 v a r ie tie s  a n d  1 
h y b rid , all new  to  science. T h ey  d iscuss th e  p rob lem  of M agnolia leonis T u ja n , ex  Bisse 
and  M . cacum inicola  Bisse (M agnoliaceae), th e  d iffe ren tia tio n  of C issam pelos P areira  L. 
an d  C. reticularis sp. n. (M enisperm aceae), th e  p rob lem  of d is tin c tio n  of Peru longipes 
B r itt ,  e t W ils, from  P. pa llid ifo lia  B r i t t ,  e t  W ils, an d  th a t  of Pera ovalifo lia  U rb . from  
P . orientensis sp . n. (Euphorbiaceae). T he p a p e r  deals w ith  the d ifferences be tw een  
Purdiaea n ip cn s is  M. Y ict. and  P. m aëstrensis  sp. n. (Cyrillaccae) and  p re se n ts  a new  
a n a ly tic a l k ey  fo r 8 C uban species o f th e  genus L in ó d éra  (Oleaceae). F u r th e r  new  ta x a  
are : Pera p o ly lep is  ssp. moaënsis (Euphorbiaceae), X ylo p ia  Acunae ( A nnonaceae), Ilex  
baracoënsis a n d  /. hypaneura  va r. n u d ica lyx  ( Aquifoliaceae), O urateaX  A cu n a e  (Ochna- 
ceae), L in ó d é ra  A cunae , L. M oncadae , L . bumelioides ssp. obovalis, a n d  Forestiera  
E k m a n ii (Oleaceae), finally  L a n tanopsis tornentosa (Compositae).

Fain .:  M agnoliaceae

M agnolia leonis T u ja n its k a y a  ex Bisse nom . nud.

E ste  nom bre  específico fue pub licad o  p o r J .  B isse  (Feddés R epert. 85: 587. 1974. die. 
20) y  m encionado p o r H oward  (T axon 1976: 419.) en su articu lo  in fo rm ativ o  so b re  los re- 
su ltad o s  recien tes de las investigaciones sobre  la flo ra  de C uba, с о т о  u n  n o m b re  dudoso. 
E n  rea lid ad  M agnolia  leonis es u n  nom bre  desn u d o  (nom en nudum ), que no ha sido pub licad o  
v a lid a m e n te  p o r n in g u n  au to r. P o r o tra  p a r te  “ T u ja n itsk a y a ”  es p ro b ab lem en te  u n  erro r 
tip o g rá fico  en lu g ar del apellido correcto  del a u to r ,  que es: I m ciian itsk ay a , in o n o g rafis ta  
sov ie tica  de las m agnoliâceas cubanas. E l ta x o n  cu estionado  fue leg itiin am en te  d e sc rito  con 
p rio rid a d , с о т о  M agnolia  cubensis U rb . ssp. A cunae  Im ch a n itsk ay a  (B o tan . M a te r. H e rb ar. 
In s t .  K o m aro v  35: 144. 1974. ju l. 15.), lo que n o so tro s consideram os с о т о  u n  rá n g ó  tax o n ô - 
m ico adecu ad o  p a ra  las poblaciones de M agnolia  ex is ten tes  en la Sierra de E sc a m b ra y  (P ro v . 
L as V illas). E n  consecuencia de esto M agnolia  cubensis U rb . se divide en dos subespécies 
v ica ria n te s  de los cuales la ssp. cubensis v ive  en la Sierra M aestra (P rov . O rien te ) y  la ssp. 
A cu n a e  en la Sierra de E scam b ray .

M agnolia cacum inicola  Bisse

E ste  tax o n  fue descrito  po r p rim era  vez с о т о  M agnolia cubensis U rb . v a r . baracoënsis 
Im c h a n itsk a y a  (l.c. p. 146.) a base de los e jcm p la res  co lectados рог B isse  en la  S ierra  de  Im ias 
(P ro v . O rien te); sin  em bargo  parece m as co rrec to  considerarlo  с о т о  espécie d is t in ta  de la 
M . cubensis U rb . P o r  e s ta  razón  el nom bre  específico M . cacuminicola  Bisse debe co n sid era rse  
válido .

A cta  Botanica A cadem iae Scien tiarum  11 ungaricae, Tom us 25 (1 -2 ), p p . 39 — 52 (19 7 9 )
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Farn.: M enispermaceae 

Cissanipelos reticulata B orhidi sp. n.

P la n ta  vo lub ilis; cau lis  ju v en ilis  sparse e t ten u iss im e  ferrug ineo-p ilosus, po strem o  glaber. 
Fo lia  1 — 1,5 cm  longe p e tio la ta ,  petio lis vo lub ilibus, fe rru g in eo -h irsu tis , su ffu lta , a basi 1 —8 
m m  re m o te  p e lta ta , la te  ve l oblongo-cord iform ia , vel o b lo n g o -o v a ta , an tice  a tte n u a ta  e t o b tu sa  
e t m u c ro n u la ta  vel r o tu n d a to - t ru n c a ta  e t e m a rg in a ta , b a s i tru n c a ta  vel p ro fu n d e  c o rd a ta , 
2 — 6 cm  longa  e t 2 — 3,5 cm  la ta ,  su p ra  lucida e ssen tia lite r  g lab ra , in  sicco n igra, p a lm a tin e rv ia  
e t densissim e p ro m in en te r  re tic u la ta ,  su b tu s cinerea, o p a ca  ve l n itid u la , densissim e e t p ro m i­
n e n te r  re ticu la to -v e n o sa , in  n e rv is  p u b eru la , in te r  n e rv ö s g lab ra , ch artacea  vel subcoriacea . 
In flo rescen tiae  usque ad  2 cm  longae, cy m o so -u m b ella tae , b ra c tea e  lin eari-lanceo la tae , cca 
1 m m  longae , fe rru g in eo -p u b eru lae . Sepala fem inea 2 — 4, p ilo sa , o v a ta  usque ad  1 m m  longa, 
carp e llu m  1, s ty lus d isc ifo rm e, lev ite r  2-lobatum .

H o lo ty p u s :  25600 Н А С ; Cuba, P rov . O r ien te  (P rov .  G u an tán am o ) .  E n t r e  
Maisi e t  Los Llanos, B a ra c o a .  Leg.: J .  H o l m a n , 5. J u n .  1965.

Spécim , exam .: H a c ie n d a  C upeyal, G u a n tán a m o . L eg .: M. Barro  Sept. 1962; 25116
НАС!

O bs.:  A ltera  species cu b a n a  C. Faréira  L. v a ld e  variábilis, caulibus albo 
vel lu teo  pu b escen t ib u s  vel tom entosis , foliis 2— 10 cm  longe petio la tis ,  orbi- 
cu la r i-co rda tis  vel ren ifo rm ib u s ,  supra  p u b e ru l is  vel g labrescentibus, su b tu s  
pu b escen t ib u s  vel to m e n to s is  e t  opacis, nervis  le v i te r  conspicuis non re t icu la to -  
p ro m in en t ib u s ,  in f lo rescen ti is  usque ad 15 cm  longis, bracteis  o rb icu la r ibus ,  
6— 18 m m  longis om n in o  differt.

Fam.: A nnonaceae

X ylopia Acunae Borhidi e t D el-R isco  sp. n.

F r u te x  vel ab o r p a rv a .  R a m i h o rn o tin i-an g u la ti, s t r ia t i  adpresse  albido- vel ferrug ineo- 
strig u lo s i se tosi, v e te rio res  g lab rescen tes postrem o g lab ri, te re te s , b runnei, lo n g itu d in a lite r  e t 
sparse  tra n sv e rsa lite r  f is su ra ti,  len ticellis o rb icu larib u s m in u tis , sa tis  dense obsiti. S tip u lae  e 
basi la te  tr ia n g u la ri a b ru p te  a cu m in a tae  e t su b u la ta e  u sq u e  ad  1 m m  longae. Folia  2 — 5 m m  
longe p e tio la ta , petio lis m in u te  p u b eru lis , supra  can a lic u la tis  p ra e d ita , ellip tica, oblongo-ellip- 
tic a  ve l o b lo n g o -o b o v ata , b a s i c u n e a ta  apice ro tu n d a ta  vel o b tu sa , em arg in a ta , 2 — 5 cm  longa  
e t 1 — 2,2 cm la ta , nervo m ed io  su p ra  leviter im presso , ap icem  versu s in  sulco p rom inulo , su b tu s  
bene p ro m in e n ti, u tr in q u e  sp a rse  puberu lo  ve g lab re scen ti, la te ra lib u s u tro q u e  la te re  4 — 6, 
su p ra  ten u iss im e  p ro m in u lis  vel obsoletis, su b tu s m an ifes tiu s  p rom inulis, an te  m arg in em  ar- 
cu a to -co n ju n c tis  e t a n a s to m o sa n tib u s , lam ina u tr in q u e  o p a ca  g lab ra , u tr in q u e  p ro m in en ti- 
p u n c ta ta ,  m arg ine  lev ite r c re n u la ta , p lana , ch artacea . F lo res  in  axillis fo liorum  1 — 2, fascicu- 
la ti. B ra c te a e  tr ia n g u la r i-o v a ta e , cca 1 m m  longae, a c u ta e , dorso carinatae  e t  p u b eru lae . 
P ed icelli 1 — 2 m m  longi p u b e ru li. A la b as tra  ta n tu m  v isa , ob lo n g o -o v ata , basi lev ite r d i la ta ta , 
2 — 2,5 m m  longa, ex tu s m in u tiss im e  p u beru la  vel g lab re scen tia . C etera ignota .
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H olo typus:  27266 Н А С; C uba; P rov . Las Villas, S ierra  de E scam b ray .  
Pico Potrerillo. Leg.: E .  D e l -R isco 21. Nov. 1972.

F am .:  Caesalpiniaceae

Cassia Acunae  Horb id i A cta  B ot. Acad. Sei. H u n g .  22: 298 (1976); fig. 1

A rb u sto  de h o jas  co m p u estas , con peciolos de 4 — 5 m m  de largo ; foliolos 14 — 20 pares, 
4 — 7 cm de largo, lanceo lados, ra q u is  15 — 25 m m  de largo. In flo rescencia  corim boso-pan icu lada , 
m u ltif lo ra ; sepalos ex te rio re s  4 — 5 m m , in te rio res desiguales, su b o rb icu la res  a ovales, 6 — 8 m m  
de largo, pelosos en el m arg e n ; pé ta lo s e stip itad o s en 2 — 3 m m  de largo, el lim bo su b o rb icu la r 
de 9 — 11 m m  de largo y  8 — 10 m m  de ancho.

H olotipo: НАС 22698 ! Cuba; P rov . P in a r  del R io ; La C a ja lb an a ,  ju n to  
al a rroyo  La P a lm a .  Col.: J .  A c u n a , 27. ju n io ,  1961. Iso tipos :  НАС, BP.

Fig. 1. H o lo tip o  de Cassia Acunae  B orhid i (22698 НАС)
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E spéc ie  obv iam en te  a f in  al C. G undlachii U rb . desc r i ta  с о т о  endém ica 
de la s  S ierras  de N ipe y  C ris ta l  (prov. Oriente), la que  difiere p o r  ten e r  hojas 
de  pecio los  2— 3 cm de la rgo , ra q u is  6 —15 cm  de largo, foliolos 5 —10 pares, 
m e n o re s  y  flores mas g randes .

F a m . :  Euphorbiaceae

P era  longipes  B r i t t ,  e t Wils. 

(Syn.: F era  p a llid ifo lia  B r i t t ,  e t Wils.)

A rb o r p a rv a , dioica, u sq u e  a d  6 — 8 m  a lta . R am i h o rn o tin i p le ru m q u e  p ru inosi, albi- 
c a n te s ,  v e te rio re s  n igrican tes, om n es g lab ri. Folia  a lte rn a , 2 — 10 m m  longe p e tio la ta , o b o v a ta , 
v e l o b lo n g o -o b o v a ta  usque ad  o b lo n g o -lan ceo la ta , an tice  r o tu n d a ta  vel t ru n c a ta  e t e m arg in a ta , 
b a s i lo n g e  a tte n u a ta  e t c u n ea ta , n e rv o  m edio u tr in q u e  p ro m in en ti, sicu t la te ra lib u s  u tro q u e  
la te re  4 — 8, su p ra  obsoletis, su b tu s  m an ifes te  p rom inu lis, lam in a  su p ra  pa llide  v irid is vel in 
sicco n ig rican s , juvenilis su b tu s  a lb o -p ru in o sa  vel p a llide  g laucescens, ado lescens pallide 
g lau cescen s  vel postrem o pa llide  v ir id is  ra r i te r  n ig ricans, u tr in q u e  e lep id o ta , g lab ra , subcoria- 
cea. In v o lu c ra  m ascula 5 — 30 m m  longe  p ed u n cu la ta , fa sc icu la ta  in  axillis; p e d u n cu lu s  glaber. 
P r o p h y l la  2 sem iorb icu la ta  vel la te  o v a ta , valde in aeq u a lia , u n u m  m áju s 1 m m  longum  et 
1,5 — 2 m m  la tu m , a lte ru in  3 — 4-p lo  m inus, fe rru g in eo -lep id o ta ; in v o lu c ru m  ip su m  in  s ta tu  
a p e r to  o v a tu m  vel e llip ticum  8 — 12 m m  longum , g lab ru m  vel d issite  lep id o tu in . F lores m ascnli 
3, c a ly x  stam in ib u s i  a eq u ilongus, 3 — 5 lo b atu s, lobi ir reg u la r ite r  la c in ia to -d e n ta ti ;  stam in a  
4 — 9, f i la m e n ta  crassa, in ae q u a lia , b a s i vel usque ad  d im id iu m  co n n a ta , b rev issim e p u b e ru la , 
a n th e ra e  q u a d ra tae . Flores fem in ei in  eodern recep tacu lo  su b h e rm ap h ro d ito  e x tu s  a d je c ti 3 — 4, 
p lu s -m in u s  ru d im en tarii, o v aria  den se  lep id o ta , ova lia , s tig m a tib u s  subsessilibus o rb icu la tis  
ru d im e n ta r i is .  In flo rescen tia  fem in ea  1,5 — 2,5 cm longe p e d u n cu la ta , p ed uncu lo  g labro , 2 — 4- 
f lo ra :  f lo re s  subsessiles, dense fe rru g in eo -lep id o ti, ped icelli fru c tife ri u sq u e  ad  5 m m  longi. 
C a p su lae  b re v ite r  obovatae  g lab rae  v e l parce  lep id o tae , 11 — 13 m m  longae.

O bs.:  Las dos especies d esc r i ta s  por B r i t t o n  y W il s o n  es tan  basados a 
dos e jem pla res  masculos de d is t in ta  fase on togén ica  de la m ism a  espécie. 
P .  long ipes  y  P. p a llid ifo lia  no  t ienen  caractères  v e g e ta t iv os d is t in to s ,  el largo 
del p ed u n cu lo ,  la fo rm a y  t a m a i io  del involucro  dependen  p r im e ra m e n te  del 
e s ta d o  de su evolúción. A d e m á s  los involucros m asculos y  subherm afró d i to s  
(q u e  t i e n e n  flores m asculas  y  fem en inas  incom ple tas  en el m ism o involucro) se 
d i f ie re n  en form a y  ta m a n o .  P o r  esta  razón  la P . p a llid ifo lia  no puede ser 
c o n s id e ra d a  с о т о  espécie d i s t i n t a  y  v á l id a y  h a y  que  sup r im ir la ,  с о т о  poste r io r­
m e n te  descrita .

Specim ina  e x am in a ta : S h a f e r  4416, O riente : N avas, Cam po B uena  V ista  iso tipo  de 
P era longipes  en SV!, — Sh a f e r  4183, O rien te : Rio Y am an ig ü ey , Cam po T oa (iso tipo  de Pera 
p a llid ifo lia  en  НАС!).
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F e ra  orientensis B orh id i sj>. n.

(P . ovalifolia  sensu L e ó n  et A l a i n , n o n  U r b a n ) Fig. 2

A rb o r p a rv a  usq u e  ad  4— 5 m a lla . R am i h o rn o tin i den se  lep ido ti, fe rrug inei, in te rn o d iis  
0,5 — 1 cm longis. Fo lia  a lte rn a , 3 — 7 m m  longe p e tio la ta , e llip tica  vel ob longo-ellip tica , basi 
a tte n u a ta  e t in p e tio lu m  p ro tra c ta ,  ro tu n d a ta  vel o b tu sa , le v ite r  em arg in a ta , 3 — 6 cm  longa  e t 
1,5 — 3 cm  la ta , nervo  m edio su p ra  p rom inulo , la te ra lib u s  u tro q u e  latere  5 8, u tr in q u e a p ro -
m inulis, su p ra  te n u ite r  an as to m o sa n tib u s , su b tu s consp icue re ticu la tis , supra  in  sicco n ig rican - 
t ia , ju v en ilia  e tia m  p erfec te  g lab ra , ad u lta  lucida , su b tu s  b ru n n e sce n tia , n itid a , d issite  lep id o ta , 
m arg ine te n u ite r  re cu rv a , c h a r ta c e a  vel subcoriacea. In flo rescen tiae  m asculae ax illa re s  1 —3, 
peduncu lis 5 — 7 m m  longis, 1 m m  crassis dense lep ido tis su ffu lta . Invo lucra  so lita ria , p ro p h y lla  
2, sem io rb icu laria , a lte ra  3-plo b rev io ra , dense lep id o ta . F lores m asculi 2, c a ly x  b re v ite r  
tu rb in a tu s  5 -lobatus, ir reg u la r ite r  lacero -d en ta tu s, s ta m in a  5 — 6, filam en ta  b re v ia , crassa, 
in aeq u alia , basi co n n a ta , su perne  libera. F lores fem inei in in flo rescen tia  corym bosa 2 — 5-flora,

Fig. 2. H o lo tip o  de Fera orientensis B o rh id i (A la in  8039 НАС)
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5 — 7 m m  longe  pedu n cu la ta  ax illa re s  vei latera les . P ed ice lli u sq u e  ad 1 m m , fru c tife r i 3 — 4 m m  
lo n g i, s ic u t ovarium  dense lep id o ti. C apsula globosa, 6 —8 m m  longa, valvis 8 - 1 0  m m  longis, 
s a tis  d e n se  lep id o ta , en docarp ium  0,5 m m  crassum . S em in a  o b o v a to -o rb icu la ta , 4 m m  longa et 
la ta ,  in fe rn e  2 m m  la ta .

H o lo ty p u s :  A l a in  8039 НАС ! Cuba; P ro v .  O rien te , Sierra de N ipe , Cayo 
L a  P l a n c h a ,  bosque h u m e d o ,  in  alt. app rox .  700 m.s.m. Leg.: A c u n a , A l a in  
e t  R a m o s , 21. Apr. 1960. I s o ty p u s  SY! F lo r.  m asc . P a ra ty p u s :  A l a i n  8037 
Н А С  ! Ib id e m ,  flor. fern. Leg .:  A c u n a , A l a i n  e t  R am os  21. Apr. 1960.

S pécim , exam .: Sierra del C rista l: Pico del C ris ta l UO  88. Leg.: L ópez F ig u e ir a s , 25. 
A ug . 1959. f ru c t. — Sierra de C ris ta l: E n tre  Corea y  Los M ulos, L F . 211, Leg.: L ó pe z  F ig u e i­
ra s  27. A ug . 1959. — Cayo V erd e, A la in  e t  L ó pez  F ig u e ir a s  4524. 26. Dec. 1955. — Rio 
L eb isa , a l t .  600 m. UO. 169. L ó pe z  F ig u e ir a s , 26. A ug. 1959. — Falda  Sur del P ico  C ristal, 
Al a in  e t  L ó pez  F ig u eira s  4773; 28. Dec. 1955. — Ib id e m  4700; 4797. — S ierra  de Iberia , 
C u m b re ; T aco  B ay; UO 2238; L ó pe z  F ig u e ir a s  25. J u l .  1960.

O b s . :  P. ovalifoliae U rb .  (e prov . C am agiiey :  Galbis) affinis , q uae  a 
specie  n o s t r a  foliis m a jo r ib u s  pergam aceis , ju v en i l ib u s  supra  lep ido tis ,  7— 10 
m m  lo n g e  petiolatis, nervis  la te ra l ib u s  u t ro q u e  la te re  8— 10, s u b tu s  obsoletis 
et n o n  re t icu la t is ,  peduncu lis  f'ructiferis 1,3— 2,5 m m  longis, pedicellis 2 mm 
long is  capsu lis  m ajoribus, n o n  lepidotis  d i f fe r t .E  desciip tione  u rb a n ia n a  E k m a n  
e C u p e y  (Oriente) hue rededit .

Pera polylepis U rb. ssp. m oaënsis Borliidi ssp. n.

A  ty p o  d iffert: foliis 6 —12 cm  longis e t 2,5 — 5 cm  la tis ,  nervis la te ra lib u s u tro q u e  latere  
9 — 12, s u p ra  ten u ite r  im pressis , lam in is  fo lio rum  sq u a m u lis  non im b ricatis , su b tu s  dissite 
le p id o tis .

H o lo ty p u s :  Cl e m e n t e  3885 НАС; C uba;  P ro v .  Oriente: C harrascos ,  Rio 
Y a g r u m a je s ,  Moa. Leg.: Cl e m e n t e  et A l a i n  18. Ju l .  1944.

S pécim , exam .: A serrio de M oa, Cle m e n t e  5005, 17. A pr. 1946. НАС — Ib id em , Cl e ­
m e n t e  e t  Crisóg o ne  4955, 15. A p r. 1946 НАС — T aco B ay , Sm ith  602, 8. Mai. 1952. НАС -  
C am in o  d e  C enteno, C ananova, Cl e m e n t e , Ala in  e t  Crisó g o n e  6892, Ju l. 1947.Н А С  — P lay a  
L a V a c a , M oa; Cl e m e n t e , N e s t o r  e t  Crisóg o ne  6142, Aug. 1948. Ib idem , M. V ic t o r in , 
Cl e m e n t e  e t  Alain  21832, A pr. 1943. — A ero p u erto  de M oa, Leó n , M. V ic t o r in  e t  Sra 
B u c h e r , 20701, 27. M art. 1942. — Y am anig iiey , T aco B ay , L ópez F ig u eira s  UO  760. 12. Apr. 
1960. — C harrascos de La E rm ita ,  Y u n q u e  de B a raco a , A cuna  e t Ala in  7587, 15. J a n .  1960. 
— S ie r ra  de  N ipe: Rio G rande, P re s to n  Sm ith  532. 29. A pr. 1952. — Cerro de M iraflo res, Ca­

n a n o v a , M. V icto rin  e t Al a in  21461; A pr. 1953. — E s te  de P lay a  de Moa, Cl e m e n t e  5005.— 
Ib id e m  A l a in  991, Ju l. 1949. — C harrasca l de la  C u ab a , B aracoa UO 891 L ó pez  F ig u e ir a s , 
14. A p r. 1960.
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F á m .:  Cyrillaceae

Purdiaea maëstrensis B orh id i e t Catasus sp. n. (Fig. 3)

A rb o r p a rv a ; ram i ho rn o tin i te re te s , g lab ri, v e terio res a lb ican tes , c ic a tr ic ib u s  fo liorum  
dense o b tec ti. Folia  a lte rn a  sessilia, o b lan c eo la ta , an tice  a tte n u a ta , apice ipso o b tu s a ,  m ucro- 
n a ta  vel e m a rg in a ta , basi longe a c u m in a ta , 4,5 — 8 cm longa e t 1,4 2,8 cm  la ta ,  u tr in q u e

Fig. 3. H o lo tip o  de Purdiaea m aestrensis B o rh id i e t C atasus (L ópez F ig u e ir a s  2304, НАС)

g lab ra , nervo  m edio supra  im presso, su b tu s  p ro m in en ti, re ticu la tio n e  v en aru m  u tr in q u e  ten u ite r  
p ro m in u la , lam in a  supra  in sicco b ru n n e a , su b tu s  pallid io ra , m argine in te g ra , c h artacea . 
Inf’lo rescen tia  e longata  cum pedunculo  6 12 cm  longa, rhach ibus glabris. B ra c tea e  ov a tae ,
3 6 m m  longae. Sepala ex te rn a  in a n th e s i 12 15 m m  longa, tr ia n g u la ri-o v a ta , ap ice  acu ta
e t m u c ro n u la ta , secunda et te r tia  non m u lto  m in o ra  (8 9 m m  longa), in f ru c tu  non  c rescen tia ,
p e ta la  basi co n n a ta  subaequalia , p rim a  10 m m , a lte ra  8 9 m m  longa, apice a c u ta  e t  ap icu la ta ,
m arg ine  m in u te  c ilia ta ; s tam ina  10, ad  hasim  corollae a d n a ta , an th e rae  oh longae, 3 m m  longae, 
apice a cu tae  e t ap icu la tae , filam en tis (2 m m ) longiores. Stylo sepalis m inore.
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H olo ty p u s :  L F  2304 Н А С ; Cuba, P rov .  O r ie n te ;  Sierra M aestra ;  Rio de 
la  B a y a m e sa ,  in a lt .  a p p ro x .  1600 m.s.m. 11. A ug. 1955, L ó p e z  F i g u e i r a s . 
I s o ty p u s  НАС.

Obs. I.: E k m a n  14738. Sierra M aestra, A rro y o  Corojo; cerca de N ag u a .
5. A ug . 1922. hue p e r t in e t .

I
- » » •’ Г1. . t l ' l l  M.H

I

F ig . 4. Iso tipo  de P u rd ia ea  n ip en s is  M. Viet. (L eó n  e t  Ма ш е -V icto rin  19837 НАС)

Obs. I I . :  P. n ip en sis  M. Vict. e t  León (Fig. 4) affinis , quae  a specie n o s t ra  
foliis 2 ,5— 4,5 cm longis e t  1— 1,5 cm latis ,  ap ice  ro tu n d a t is ,  inflorescentiis 
4— 5 cm longis, rh a c h ib u s  pubescen tibus ,  sepalis ap ice  ro tu n d a t is  vel obtusis , 
m in u t is ,  sepalis secundis , et te r t i is  peta la  s u p e ra n t ib u s  certe  specifice differt.

E l  e jem plar  f ru c t i fe ro  colectado por E k m a n  (14738) fue clasificado pre- 
l im in a r iam en te  y  con c ie r ta  d u d a  с о т о  P. n ip en sis . Los e jemplares floriferos 
co lec tados  por L ó p e z  F i g u e i r a s  no dejan a lg u n a  d u d a  sobre lo que las pobla-
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ciones crecientes en la  Sierra  M aestra  t ienen  ca rac tè re s  b a s ta n te  co n s ta n te s  
d is tin tos , no solo en el t a m a n o  de las hojas sino en la  inflorescencia ta m b ié n .  
Es m u y  no tab le  que  en tre  to d as  las espécies o r ien ta le s  de este género P urdiaea  
m aestrensis es la  ùn ica , q u e  no crece sobre ro c a s  se rpentinas .

F am .:  Âquifoliaceae  

Ilex baracoënsis B orh id i  sp. n.

F ru te x ;  ra m i v e te rio res  albo-cinerei, lev ite r a n g u la ti  e t  long itu d in a lite r su lca ti, g labri. 
Folia  2 — 4 m m  longe p e tio la ta , petio lis anguste  a la tis , g lab ris  suffu lta , la te  o b o v a ta , suborb i- 
c u la ta  vel su b o b c o rd a ta , ap ice ro tu n d a ta  vel t r u n c a ta ,  le v ite r  em arg ina ta  vel ex cisa , basi 
cu n ea ta  e t in p e tio lu m  p ro tra c ta ,  2 ,5 —4,5 cm longa e t  1 ,8 —4 cm la ta , an g u ste  d e c u rre n tia , 
nervo m edio  su p ra  in ferne  p rom inu lo , apicem  versus le v ite r  im presso , sub tus in ferne p ro m in u lo , 
apicem  versus obso le to , la te ra lib u s  u tro q u e  la te re  4 — 6, ob so le te  prom inulis vel in co n sp icu is, 
su b tu s  obso le tis vel p le ru m q u e  nullis, lam ina su p ra  n itid iss im a , sub tus pa llida  o p aca , u tr in q u e  
g lab ra , m arg ine  te n u ite r  re cu rv a , coriacea. In flo rescen tiae  ax illares, 1—4 per nod o s, u m b ella - 
ta e , 3 — 4-florne. P ed u n cu li 2 — 5 m m  longi, flores 4 -m eri, 1 — 2 m m  longe p ed ice lla ti, g labri. 
F ru c tu s  non visus.

H o lo ty p u s :  UO. 726. Cuba; P rov . O r ie n te ,  B ah ia  de Taco , C am ino  de 
Y am anig iiey , Moa; en charrascos. Leg.: M. L ó p e z  F i g u e ir a s  12. A pr.  1960. 
НАС Iso ty p u s :  НАС

Obs.: Ilex  hypaneurae  О. C. Schm id t  aff in is , quae  a specie n o s t r a  foliis 
oblongo-elipticis obova tis  vel oblongo-obovatis  e t  inflorescentiis puberu lo -p ilo -  
sis clare differt.

Ilex h y p an eu ra  О. C. Schm idt var .  nud ica lyx  Borhidi v a r .  n.

A ty p o  d iffe rt: inflo rescen tiis  m asculinis fa sc ic u la tis , g labrescen tibus, calyce g lab ro .

H o lo ty p u s :  UO. 757. Cuba; P rov . O r ie n te  (P rov .  Holguin). E n  charras-  
cales del cam ino  Y am anig iiey , B ah ia  de Taco , M oa, Leg.: M. L ó p e z  F i g u e i r a s  
12. Apr. 1960. SY. Iso ty p u s :  SV !

F am .:  O chnaceae

O ura tea  X  Acunae B orh id i  h y b r .  nova 
( ilicifolia  X elliptica)

F ru te x  usque  ad  2 m  a ltu s . R am i te re te s  te n u i te r  tran sv ers im  s tr ia ti. F o lia  2 —4 m m  
longe p e tio la ta , o v a ta  vel e llip tica , basi o b tu sa , r o tu n d a ta  vel su b c o rd a to - tru n c a ta , apice 
ro tu n d a ta  vel a t te n u a ta  e t  p u n g e n te r  acu ta , 2 ,5 —9 cm  lo n g a  e t  2 — 3,5 cm la ta ,  n e rv o  m edio 
u tr in q u e  p ro m in en ti, la te ra lib u s  num erosis apicem  v e rsu s  a rcu a tis  dense re ticu la to -c o n ju n c tis
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u t r in q u e  prom inu lis, m arg ine  u n d u la ta  vel d en tib u s sa tis  re m o tis  0,5 — 1 m m  longis, irreg u la ri-  
te r  se rru la to -d e n tic u la ta , rig ide  e t  crasse coriacea. In flo resc e n tia  p an icu la ta , 3 — 5 cm  longa, 
p le ru m q u e  lax a , pauciflo ra , g la b ra . A lab astra  o v a ta , 4 — 5 m m  longa, recep tacu lu m  ev o lu tu m  
n o n  v isu m .

H o lo ty p u s :  A c u n a  16007 НАС Cuba; P ro v .  P in a r  del Rio, C a r re te ra  de 
L u is  L azo .

Spécim , exam .: P ro v . P in a r  del R io, Canada del P in a r , Cerro de Cabras, leg. A l a in  1845. 
19. M ai. 1951. R em ates de G u a n e , Sabanas; L eó n  e t  M. Y ic to b in  18723, J a n .  1939.

Fain .: Oleaceae 

Linociera

Clave analitica p a ra  las espécies cubanas :
1 a A n te ra s  lineales, casi t a n  largas с о т о  los p é t a l o s .............. L L .  l igus tr ina

b  A li te ras  oblongas a e l ip t icas  de nienos de la m i ta d  del largo de los péta los
.................................................................................................................................  2

2 a H o ja s  cartâceas con g ru p o s  de pelos en las axilas de los nerv ios  en el
e n v é s ...................................................................................................................................  3

b  H o ja s  coriâceas о subco r iáceas  sin grupos  de pelos en las ax ilas  de los 
n e rv io s  en el envés ..................................................................................................... 4

3 a H o ja s  de 6— 15 cm de  largo, cáliz algo ciliado, lóbulos co nnados  h a s ta
c e rca  de la m itad ,  p é ta lo s  de 10—22 m m  de largo . . . .  2. L. dom ingensis  

b  H o ja s  de 4 —8 cm de la rg o ,  cáliz peloso, lóbulos  libres casi b a s ta  la base, 
p é ta lo s  de 6—8 m m  de la rgo  ............................................................. 3. L. B akeri

4 a H o ja s  m ayorm en te  a g u d a s  о m u cro n ad o -ag u d as  en el àpice, r a m a s  de las
inflorescencias pelosas ................................................................................................ 5

b  H o ja s  redondeadas  о e s tre c h a d as  en un  àp ice  ob tuso  m a y o rm e n te  em ar-  
g in ad o ,  ram as ciel las inflorescencias lam p in a s  о pelosas ........................  6

5 a H o ja s  de 4— 7 cm, ne rv io s  la terales invisibles о m u y  poco hund idos ,  n o re t i -
cu lad o s  arriba, p a n o ja  c o r ta  glom erada, pedicelos hasta  1 m m , péta los
p ia n o s  de 6—8 m m  de l a r g o ......................................................  4. L. ax illif lora

b H o ja s  de 5— 11,5 cm, m u cronado-agudos ,  nerv ios  laterales h u n d id o s ,  f ina- 
m e n te  reticulados en el liaz; pedicelos de 2— 5 m m  de largo, pé ta lo s  
p legados ,  de 4— 6 m m  d e  largo ..................................................5. L. M oncadae

6 a Inflorescencia  pelosa, ló b u lu s  de cáliz libres casi has ta  la base ; h o ja s  no
re t icu lado-venosas  en a m b a s  caras ...................................................................... 7

b Inflorescencia  m a y o r m e n te  g labrcscente; lóbulos  del cáliz con n ad o s  l ias ta  
la  m i ta d ;  hojas re t icu lad o -v en o sas  en a m b a s  caras  . . .  6. L. bunielioides 
a a  H ojas  lanceoladas a  oblongo elipticas, e s trechadas  en am bos e x t re m o s  

...........................................................................................................  ssp. bunielioides
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ЬЬ H ojas  obovadas ,  red o n d ead as  en el àpice la rgam en te  a te n u a d a s  en
la base .................................................................................................  ssp. obovalis

a H ojas  ob longo-obovadas,  6— 9 cm de largo y  de 1,5— 2,5 cm de  ancho , 
redondeadas  en el áp ice , el m argen  revo lu to .  In florescencias te rm in a le s

Fl AN I \ s  i ) t  СЫ1А.

Fig. 5. H o lo tipo  de L in ó d éra  A cunae  B orh id i e t  M uniz (R oig  1506 Н А С )

R am as  de las m ism as  glabras , pé talos de 5— 5,5 m m  de l a r g o ......................
................... ..................................................................................................  7. L. cubensis

b H ojas  elipticas, de 5— 9 cm de largo, 2 ,0—4,5 cm de ancho, e s t r e c h a d a s  ^  
igualm ente  en am b o s  ex trem es ,  el m argen  p lano . In florescencias axilares,
ram as  de las m ism as pubéru las ,  pétalos de 7— 10 m m  de largo  .................
........................................................................................................................ 8. L. Acunae
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Linociera A cunae Borhidi e t  M uniz  sp. n. (Fig. 5)

F ru te x  vel a rbo r h u m ilis . R am u li horno tin i p u b e ru li , ve te rio res  a lb ido-cinerei, lenticellis 
su b o rb ic u la rib u s  sparsissim e d isp o sitis  suffulti. Fo lia  8 — 15 m m  longe p e tio la ta , e llip tica, 
a n tic e  brevissim e lev iter a c u m in a ta ,  apice ipso o b tu sa , e m a rg in a ta  vel brevissim e m u cro n a ta , 
b a s i  b re v ite r  a tte n u a ta  vel o b tu s iu sc u la  ra rite r  r o tu n d a ta  e t  in  petio lum  p ro tra c ta ,  5 — 9 cm 
lo n g a  e t  2 — 4,5 cm la ta , n e rv o  m ed io  supra  im presso , su b tu s  p ro m in en ti, la te ra lib u s  u tro q u e  
la te re  5 — 7, supra lev iter im p re ss is  e t obsolete re ticu la tis , su b tu s  m anifeste  p ro m in en tib u s , an te  
m a rg in e m  conjunctis et lax e  re tic u la tis ,  lam ina u tr in q u e  o p a ca , su b tu s  obsolete p u n c ta ta ,  m ar- 
g ine  in te g ra , ^  p lana, u tr in q u e  g lab ra , subcoriacea.

In flo rescen tiae  ax illa re s  e t  term inales 2 — 3,5 cm  lo n g ae , dense flavo- vel ferrugineo- 
p u b e sc en te s . Pedunculi 5 — 10 m m  longi, pedicelli 1 — 2 m m  longi. C alyx usque ad  b asim  lobatus, 
lo b i 4, trian g u lares , ^  1 m m  lo n g i, apice obtusi u tr in q u e  dense  pubescen tes; p e ta la  7 —10 m m  
lo n g a , a p p la n a ta , m edio ^  0,5 m m  la ta ;  stam ina 2, cca 1 m m  longa an th e rae  o v a ta e  vel ellip- 
t ic a e ,  f ilam en ta  an th e ris  a eq u ilo n g is , stylus su b n u llu s , ap ice  tr ia n g u la ri-ca p ita tu s , lev iter 
b ilo b a tu s ,  ovaiio  glabro b rev io r.

H olo typus:  R o ig  1506 ! Cuba, Prov. C am ag tiey :  “ savann is”  serpentinosis  
ad  P u e r to  Principe. Leg .:  J a n .  1917. P. F. B o r r a s . Н А С !

Linociera M oncadae Borhidi e t M uniz  sp. n. (Fig. 6)

F ru te x  vel a rbo r p a rv a  u sq u e  ad 4 — 5 m  a lta . R a m u li h o rn o tin i b re v ite r  flavo- vel 
fe rru g in eo -p ilo si, v e terio res a lb id o -cin e rei lenticellis ob longo-ellip ticis sa tis dense  ob tec ti. 
F o lia  7 — 12 m m  longe p e tio la ta ,  ob lanceo la to -e llip tica , lev issim e asym m etrica , apice acu ta  vel 
o b tu s iu sc u la  e t rigide m u c ro n a ta , b a s i an g u sta ta  e t in  p e tio lu m  p ro tra c ta , 5,5 —11,5 cm longa 
e t 1,8 — 4 cm la ta , nervo m edio  su p ra  auguste e t p ro fu n d e  im p resso , sub tus p ro m in en ti, la te ra li­
b u s  u t r o q u e  latere  8 —12, su p ra  au g u s te  im pressis, su b tu s  le v ite r  sed m anifeste p rom inu lis an te  
m a rg in e m  a rcu a to -co n ju u ctis , su p ra  obsolete im presso  a reo la to -re ticu la tis , su b tu s  obsolete 
r e t i c u l a t i s  e t p u n c tu la tis , u t r in q u e  n itid u la  et g lab e rrim a , m arg in e  ten u ite r  re cu rv a , rigide 
c o r ia c e a . In florescentiae ax illa re s  vel laterales, p a n ic u la ta e , 5- 11-florae. 1,2 — 2 cm  longae. 
P a n ic u la  e flavo- vel fe rru g in eo -p u b escen te s , pedicelli 2 — 5 m m  longi, 1 —1,5 m m  longe b racteo - 
la t i ,  c a ly x  solum m odo b asi c o rm a tu s , lobi 4, auguste  tr ia n g u la re s , ob tusi, ex tu s  p u bescen tes , 
i n tu s  in  n e rv o  m edio p ilosi, c e te ru m  glabri. P e ta la  in v o lu ta , 4 — 6 m m  longa: s tam in a  2, fila- 
m e n ta  b rev issim a, 0,5 m m  lo n g a , a n th e rae  ellipticae f i la m e n tis  duplo  longiores, s ty lu s  ovario 
g la b ro  o v a to  subaequilongus, a p ice  cap ita tu s , p rofunde b ilo b a tu s .

H olo ty p u s :  27341 НАС! Cuba. Prov. O r ien te ,  S ierra  de Moa; in  f ru tice tis  
sem p erv iren t ib u s  solo se rpen tin ico- la ter i t ico  ad  M ina  Melba alt. cca. 350— 400 
m .s .m . ;  Leg.: M il a g r o s  M o n c a d a  31. Mai. 1972. Iso typ i:  НАС, B P .

Linociera bum elioides G riscb. ssp. obovalis B o rh id i  et Muniz ssp. n.

A  ty p o  d iffert: foliis o b o v a tis , apice ro tu n d a tis  e t  p le ru m q u e  e m a îg in a tis  basi longe 
c u n e a tis .

H olo typus :  24571 Н А С  ! Zona de P u e r to  P a d re .  Leg.: M. Cu r b e l o  1932. 
I s o ty p u s :  НАС !
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Fig. 6. H o lo tip o  de L in ó d éra  M oncadae  B o rh id i e t M uniz (27341 НА С)

Specim ina e x a m in a ta :  P u e rto  P ad re , leg.: M. Curbelo 303. Nov. 22. 1930, 27. Mai 
1931. 27090 НАС. G ran  P iedra, Sierra M aestra, leg.: F itoqu im icos alem anes.

Forestiera E kn ian ii  Borhidi sp. n.

F ru te x  dense ram o su s; ram u li h o rn o tin i te re te s  b rev issim e puberu li, v e te rio re s  g lab ri, 
b ru n n e o -p u rp u re ile v iss im es tr ia ti. Folia  o p p o sita  vel fa sc icu la ta . usque ad 1 m m  longe p e tio la ta , 
o v a ta , la te  e llip tica  vel sub o rb icu la ta , an tice  a t te n u a te  e t o b tu sa  vel ro tu n d a ta , su b  m edio 
la tissim a  basi ro tu n d a  e t in petio lum  d e cu rre n tia , 4 9 m m  longa e t 3 6 m m  la ta ,  u tr in q u e
opaca  e t  pallide v ir id ia , su b tu s p ro m in e n te r  p u n c ta ta ,  m arg in e  in teg ra  e t te n u ite r  re v o lu ta . 
In flo rescen tiae  ax illares, u m b ella tae , p le ru m q u e  1 -2-florae 1 — 3 m m  longe p e d u n c u la ta e , 
b ra c tea e  o rb icu lares, pe rsis ten tes , pedicelli 0,5 — 2 m m  longi, p lerum que g labri. F ru c tu s  e llip ti- 
cus, 5 - 6  m m  longus e t  3 — 4 m m  la tu s , su p e rn e  lev ite r  in c ra ssa tu s  e t ro tu n d a tu s , b a s i b re v ite r  
a tte n u a tu s  e t ob liquus.
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H olo typus :  E k m a n  18726 (Roig 3116); C uba ,  P rov . P inar  del Rio, Cima 
de la  Sierra de G u a n e ;  G u an e .  Leg.: E .  L. E k m a n , 14. Mart. 1924.

Lantanopsis tomentosa B orh id i  e t  M oncada sp. n.

Suffru tex  usq u e  ad  1 — 1,5 m  altus. R am i h o rn o tin i adpresse  albo-pilosi, n o n  vel levissim e 
h isp id u li, ve terio res b ru n n e i, lo n g itu d in a lite r s tr ia t i ,  g lab rescen tes. Folia o p p o sita  1 — 2 m m  
longe p e tio la ta , o b lo n g o -e llip tica , ob longo-lanceolata v e l lineari-lanceo la ta , an tice  a t te n u a ta  e t 
a c u ta ,  basi longe c u n e a ta , 2 — 7 cm  longa et 0,5 — 2 cm  la ta ,  b a s i trin e rv ia , nerv is su p ra  densis- 
sim e re ticu la tis  e t  p ro fu n d e  im pressis, a reo la to -b u lla ta , su b tu s  reticulo p ro m in en ti su ffu lta  
lam in a  supra  n itid a , a re o la to -b u lla ta , sparse e t a d p re sse  p ilosula, su b tu s in n e rv is adpresse  
p ilo sa , in te r  nervös to m e n to  te n u i albo vel p o stre m o  c in e rascen ti o b tec ta , m arg ine  lev ite r 
s e r ru la ta  vel su b in teg ra , p le ru m q u e  plana, c h a rtac e a . In flo rescen tiae  term in ales , cap itu lifo r- 
m ite r  cym osae, b ra c te is  o v a tis  vel oblongo-ellip ticis, m em b ran aceis e t p le ru m q u e  g labris. 
C a p itu la  sessilia, b ra c teo lis  1 —2, la te  ovatis vel s u b ro tu n d a tis ,  dorso levissim e c a rin a tis , apice 
m u c ro n a tis  g lab rescen tib u s vel n itid isque  glabris su ffu lta , b ra c tea e  involucrales 4, in aeq u alib u s 
2 — 2,5 m m  longae g lab ra e , ex te rio re s  2, late  o v a ta e , ap ice  ap icu la tae  m inores, in te rio res  subor- 
b icu la re s  apice p le ru m q u e  ro tu n d a ta e  vel f im b ria ta e , e x te rio rib u s  latiores. Flos b isexualis 1. 
coro lla  1 m m  longa, ex  in v o lu c ro  lev iter ex serta , 4 - lo b a ta , lob i corollae tubo  3-plo brev iores, 
s ta m in a  4, corolla aeq u ilo n g a , an th e rae  subglobosae, m in u ta e , flores steriles 2, filiform es; 
o v a riu m  dense g lan d u lo su m , la te ra lite r  com pressum , 2 mm longum : achaen ium  o b o v a tu m , 
2 mm longum , len tifo rm e , co nvexum , m arg in a tu m , g lan d u lis  deciduis ob situ m , dem u m  nig- 
re sce n s  g labrum . P a p p i nu lli.

H olo typus :  27197 Н А С ! Oriente: (P ro v .  Santiago de C uba), S ierra 
M aes tra ;  Alto de la  F ra n c ia ,  Uvero. Leg.: M i l a g r o s  M o n c a d a  8. F eb r .  1971.

Specim ina e x a m in a ta :  C uba; Sierra M aestra ; M argenes de Rio P e ladero , A lto de la 
V alenzuela ; Leg.: M. L o pe z  F ig u e ir a s  2190, 8. A pr. 1955. — E b en d a  L ópez F ig u e ir a s  2323. 
12. A ug. 1955.

Obs.: L . h isp id u la e  Wr. ex Griseb. a ff in is ,  quae  a specie n o s t ra  ram is  
strigilloso-hispidis, foliis su p ra  dense strig il loso-h irsu tis ,  non areo la to -re ti-  
cu la t is ,  sub tus  in  n e rv is  h irsutis  in te r  n e rv ö s  glabris et f lavo-g landulosis , 
b rac te is  in flo rescen tiae  e t  cap itu lo rum  l in e a r ib u s  e t  strigosis, f loribus minori- 
bus a b u n d e  differt. A l te r a  species L. H o ffm a n ii  P a x  (ex Santo Dom ingo) foliis 
ova tis ,  1,5—2,5 cm  longis , basi ro tu n d a t is ,  f lo r ib u s  majoribus, ovario  a tq u e  
achaen io  vertice  piloso c lare  d istincta  est.
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CYTOCHEMICAL INVESTIGATIONS 
OF THE SHOOT APEX OF APPLE TREES I

D N A , D N A- AND R N A -, A N D  H IS T O N E  C O N TEN T O F M E  R I STEM  A TI C C E L L  N U C L E I 
IN  T E R M IN A L  B U D S O F  S P U R S  W IT H  A N D  W IT H O U T  F R U IT S

By

T . B u b á n 1 and C. U. H e s e m a n n 2
* RESEARCH STATION OF RESEARCH INSTITUTE FOR FRUIT AND ORNAMENTAL PLANT GROWING,

ÚJ FEHÉRTÓ, HUNGARY
* DEPARTMENT OF GENETICS, UNIVERSITY OF HOHENHEIM, STUTTGART BRD

For using  chem icals re g u la tin g  flower hud fo rm a tio n , i t  is necessary  to  know  
th e  conditions w ith in  th e  ap ical m eristem  durin g  th e  tra n s it io n  from  th e  v e g e ta tiv e  
stage to th e  re p ro d u c tiv e  one.

T erm inal buds w ere h a rv este d  from  spurs hearin g  f ru it  and  from  ones w ith o u t 
fru it. U sing lo n g itu d in a l sec tions th e  DN A, DN A  +  R N A  an d , nuc leohistone  c o n te n t 
in  various regions o f th e  a p ex  w ere m easured  cy to p h o to m etric a lly . T he presence  of the 
f ru it induced a lower level o f nucleic acids an d  a h ig h er nucleohistone  c o n te n t. These 
conditions proved  to  in h ib itin g  for flow er in itia tio n . T he absence of th e  f ru i t  re su lted  
in  to ta lly  reversed  effects, p ro v id in g  favourab le  p re -co n d itio n s for flow ering. I t  seem s 
to  he w orth  while to stress  th e  fa c t, th a t  apices o f these  b u d s  (i.e. buds on  sp u rs  w ith o u t 
fru its ) are p rac tica lly  in d u ced  for tran s itio n  to  th e  re p ro d u c tiv e  s ta te . T h is in d u c tio n  
p ro b ab ly  is re la te d  to  th e  lack  of endogenous g row th  su b s tan ces (m ain ly  g ibbere llin s) 
o rig in a tin g  from  seed le ts o f grow ing young fru it.

Introduction

M any paper have been p u b lish ed  recen tly  on tre a tm e n ts  b y  sy n th e tic  g ro w th  re g u la to rs  
to p ro m o te  (or to in h ib it)  flow er bud fo rm atio n  in  app le  trees . H ow ever, to  use chem icals 
re g u la tin g  flow er b u d  fo rm atio n , i t  is necessary  to estab lish  th e  co nd itions w ith in  th e  apical 
m eristem  during  the  tran s itio n  from  th e  v eg eta tiv e  stage to th e  rep ro d u c tiv e  one. A ccord ing  
to  ou r p re lim in a ry  h isto log ical a n d  h is tochem ical in v estig a tio n s in  th e  apices of te rm in a l buds 
on sp u rs of apple trees (B u bán  1970), th ere  is an  increase in m ito tic  a c tiv ity  before  changes 
in shape  of th e  apex. F o r th is  reaso n , an  a tte m p t was m ade to  follow  changes in nucle ic  acids 
and  nucleohistones in v a rio u s m eris tem  tissues of th e  apices. We had  to  know , how ever, 
w h e th er o u r d a ta  are really  in a n y  connection  w ith  d ev e lo p m en ta l processes to w a rd s  th e  
re p ro d u c tiv e  s ta te .

The on ly  ap p ro ach  to  th is  p ro b lem  is to use te rm in a l b u d s  o f spurs b ea rin g  f r u i t  and  
ones w ith o u t fru it, re spec tive ly . T he presence of f ru it m eans a s tro n g  in h ib itio n  for f ru i t  bud  
fo rm atio n , on th e  o th e r h an d , co n d itio n s in  spure w ith o u t f ru it  m ay  be tak en  for in d u c tiv e  
ones fo r flow ering ( F e u c h t  an d  A r a n c i b i a  1969).

Material and Method

B uds for cy to p h o to m etric a l in v es tig a tio n s  were h a rv es te d  on  20th of Ju n e  a n d  7 th  of 
Ju ly , re sp ec tive ly , th a t  is a b o u t th e  tim e  o f tran s itio n  to  th e  re p ro d u c tiv e  s ta te . E a c h  hud 
was loca ted  e ith e r on sp u r w ith  f ru i t  ( A F) o r w ith o u t fru it ( =  AO, see Fig. 1, too). E th a n o l : 
fo rm alin  : picric acid 6 : 1 : 1.3 w as used  for fixation . T he 10 to  12 m ic ro n -th ick  sections 
p re p are d  a fte r  em bedding  in p a ra p la s t  were in vestiga ted . T he m eth o d s used for m easu rin g
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F ig . 1. S p u rs  (ty p ical f ru itin g  s h o r t  shoots of apple tre e s )  p ro v id in g  te rm in a l b u d s  for cyto
chem ical in v es tig a tio n s

D N A  c o n te n t of cell nucle i h a v e  b e en  given earlier (H e s e m a n n  an d  B u b á n  1973). The S c h iff  
r e a g e n t  w as p rep ared  acco rd in g  to  th e  s ta n d a rd  te c h n iq u e  of Gra um a nn  (1953), b u t  w ith  
t r ic h lo ro  acetic  acid (B lo ch  a n d  G odman  1955). A ccord ing  to  P e a r s e  (1961, in : A rnold  
1968) a n d  M itch ell  (1968) lo n g itu d in a l sections fo r D N A  +  R N A  e stim a tio n  w ere s ta in ed  by  
g a llo cy an in e-ch ro m ea lu m  (G CA ), h is to n e  c o n ten t w as in v es tig a te d  as em p lo y ed  by  A lfer t  
a n d  Ge s c h w in d  (1953). In  o rd e r  to  m easure  D N A  c o n te n t  a f te r  s ta in in g  w ith  GCA, a p re tre a t­
m e n t  b y  ribonucléase w as m ad e  (0.2 m g/m l dest. w a te r , a t  40 °C, 3 hours). As a p o ssib ility  of 
e s t im a tin g  D N A  and  R N A  c o n te n t  in  th e  sam e n u cle i, severa l sec tions w ere s ta in ed  w ith  
co riphosphin-O -F eulgen  a n d  GCA described  by K ie f f e r  e t al. (1969). M easu rem en ts  (w ith  
Z e is s  U M S P -I u n iv ersal m ic ro sp e c tra lp h o to m e te r)  w ere c a rried  o u t a t  550, 570 an d  630 nm  
in  se c tio n s  sta ined  w ith  S c h if f  re ag e n t, GCA a n d  F a s t  G reen FC F , re sp ec tiv e ly . D a ta  of 
m e a su re m e n ts  have  been  ex p ressed  as AU (a rb itra ry  u n it) .

R esults and D iscussion

B efore discussing th e  re su lts  of m easu rem en ts, a co m m en t is req u ired  on th e  m a tte r  o f  
a p e x  te rm ino logy . The d iffe re n t zones are specified on  th e  basis o f th e ir  h isto lo g ical characters 
(fo r e x am p le : cell size, d irec tio n  o f cell division, a c t iv ity  in  d iffe ren tia tio n  processes leading to 
re p ro d u c tiv e  s ta te , etc .). In  te rm s  of tunica-corpus co n cep t o f ap ical o rg an iza tio n , th e  zone 
co rre sp o n d in g  to the tun ica  sh o u ld  he d iv ided in to  tw o  reg ions w hich have  been  called Z4 and 
Z 2, e a c h  of th em  has tw o lay e rs  o f  m eris tem  cells, (see fig u res A —B, resp .).

As underly ing  p a r t  (co rp u s  o r cen tra l m eristem ) is s itu a te d  ax ia lly  (Z 3) a n d  i t  passes 
b e lo w  in to  th e  p ith -rib  m eris te m  (Z 4). I t  is w o rth  m en tio n in g  th a t  th is  o rg a n iz a tio n  undergoes 
a  ch an g e  during  flow er b u d  d iffe re n tia tio n . N am ely , follow ing an  increase  in  m ito tic  a c tiv ity  
a ll  o v e r  th e  apex , b u t  before th e  m orpho log ical change in  sh ap e  of its  form , th e  c en tra l m eristem  
c a n  b e  seen  im m ed ia te ly  su rro u n d in g  to  th e  su b d e rm ato g en  (th e  second cell la y e r  w ith in  the  
Zj). D e ta ils  o f th is  h isto log ical d iffe re n tia tio n  are g iv en  elsew here (B u b á n  1970, B u bá n  and  
S im o n  1978).

The results o f  investiga tions  are p resen ted  in  Figures  2 to  6, an d  in Table  1. 
T e s t  o f  significance is s u m m a r iz e d  in Table  2 a n d  Tab le  3.
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Fig. A  — B . S tru c tu re  o f th e  apex  in  v eg e ta tiv e  stage (a) a n d , follow ing th e  h isto log ical d iffe r­
e n tia tio n , in  re p ro d u c tiv e  stage (b) . Z, - d e rm a to g en  an d  sub d erm ato g en , Z 2 =  a d v e n tiv e

tu n ic a  lay e r, Z3 =  c en tra l m eristem , Z 4 =  p i th  m eristem

I t  is c lear  from  Fig. 2 t h a t  nuc lear  D N A  c o n te n t  es t im a ted  is s ign if ican tly  
d iv e rg en t  in Z 3, Z 4 and  Z., to  Z,. T here  is no considerab le  difference b e tw een  
d a ta  in Z 4 and  Z.„ however, th is  is n o t  surpris ing . N am ely , th e  la te ra l  p a r t  of 
th e  f i r s t  lay e r  and  th e  same p a r t  o f  th e  second cell layer  (i.e. th e  p lace o f  lea f  
p r im o rd ia  in i t ia t ion )  show an enhanced  m ito t ic  ac t iv i ty  b o th  in v e g e ta t iv e  
a n d  re p ro d u c t iv e  apices. T he u n ifo rm ity  in n u c lea r  D N A  con ten t  d e m o n s t r a te d  
in  AO apices of  Fig. 2 should  be ta k e n  as a d ev e lo p m en ta l  stage p re p a r in g  th e  
n e x t  s tep ,  i.e.: cells en te r ing  mitosis all over th e  apex.

F igure  3 shows essentia lly  th e  sam e —  t h a t  is more nuclear  nucle ic  acid 
in  sam ples  from  spurs  w ith o u t  fru i t  (sam ple  AO). N evertheless , th is  s t a t e m e n t

AF AO

Fig. 2. N u c lea r D N A  co n te n t in  th e  apices o f te rm in a l b u d s  of spurs b earin g  ap p le  (A F ) and
w ith o u t app le  (AO)

s ta in in g : F cu lgen  p rocedure , v a lu es in a rb itra ry  u n its ; s ig n ifican t w ith in  th e  sam e m eris tem  
zone, b e tw een  “ A F ”  an d  “ A O ”  buds a t  1%  =  x x x , 2 %  =  x x , 5%  =  x , — — in sig n ifican t

A cta  B olanica  A ca d em ia e  Sc ien tia ru m  H ungaricae 2 5 , 1979



A
d

a
 

B
otanica 

A
cadem

iae 
Scientiarum

 
H

ungaricae 
25, 

1979

Table I ел05

Nucleic acid and histone level o f  cell nuclei in apices o f  buds fro m  spurs w ith fru i t  ( A F )  and without fru i t  (A O )

Samples Zones within the apex
Type of bud 

sample Staining Estimation of nuclei con­
tent for

Number of nuclei 
estimated, Average x in AU

Standard
deviation,

s
Treshold value

I. Zone 1 A F Std .-Feulgen DNA 50 14.35 4.65 0.10
Zone 2 4 58 10.83 3.17
Zone 2 29 11.49 2.57
Zone 3 7 10.59 1.42
Zone 4 22 10.94 2.78

II. Zone 1 AO Std.-Feulgen DNA 32 15.42 4.27 0.10
Zone 2—4 65 14.53 4.51
Zone 2 24 13.53 4.66
Zone 3 19 15.49 3.74
Zone 4 22 14.78 4.92

i n . Zone 1 AO GCA DN A  +  RNA 9 10.24 4.51 0.25
Zone 2—4 37 9.09 6.24
Zone 2 15 10.31 6.92
Zone 3 7 3.94 1.94
Zone 4 15 10.26 5.85

IV. Zone 1 A F GCA DNA +  R N A 20 6.14 4.24 0.25
Zone 2—4 38 1.48 2.38
Zone 2 12 1.13 2.83
Zone 3 11 0.73 1.54
Zone 4 15 2.32 2.39

V. Zone 1 AO GCA DNA +  R N A 20 10.80 5.70 0.16
Zone 2 —4 47 9.24 4.10
Zone 2 18 9.55 4.11
Zone 3 10 7.65 3.65
Zone 4 19 9.79 4.31

VI. Zone 1 AO firs t DNA 25 9.95 3.46 0.16
Zone 2 4 RN ase 20 6.70 3.20
Zone 2 and  th an 11 7.50 3.42
Zone 3 GCA 3 4.58 3.14
Zone 4 6 5.79 3.40
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V II. Zone 1 A F GCA +  C - O - DNA +  RNA 21 2.06 1.15
Zone 2 — 4 Feulgen 38 1.56 1.24
Zone 2 16 2.06 1.31
Zone 3 8 1.46 0.93
Zone 4 14 1.04 1.14

V III . Zone 1 AO GCA +  C 0 - DNA +  R N A 36 3.60 2.48
Zone 2—4 Feulgen 47 2.03 1.55
Zone 2 19 1.45 1.38
Zone 3 9 1.71 1.51
Zone 4 19 2.76 1.50

IX . Zone 1 AF F ast H istone 9 0.96 0.59
Zone 2 — 4 Green FC F 37 1.54 0.91
Zone 2 15 1.44 0.85
Zone 3 12 1.12 0.68
Zone 4 10 2.18 0.94

X . Zone 1 AO F ast H istone 17 0.31 0.21
Zone 2 4 Green FC F 36 0.62 0.65
Zone 2 14 0.40 0.28
Zone 3 10 0.29 0.18
Zone 4 12 1.16 0.85

R em arks: 1. Zones w ithin the apex see in figures.
2. Std .-Feulgen =  S tandard -F eu lgen , GCA =  G allocyanine-chrom ealum , C—O-Feulgen =  C oriphosphin—O-Feulgen. сл
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AF AO

F ig . 3. N u c le a r  DNA and R N A  c o n te n t  in  th e  apices of te rm in a l b u d s of spurs b e a r in g  apple 
(A F ) a n d  w ith o u t apple (AO) — s ta in in g : G allocyanine ch ro m ealu m , va lues in  a rb itra ry  

un its ; for te s tin g  sign ifican ce  see F ig  1, T ab le  2 and  3 resp.

T R

F ig . 4. T o ta l  nucleic acid (T) an d  D N A  c o n te n t a fte r  R N ase  t re a tm e n t  (R ) in  th e  nuclei of 
AO b u d s  — sta in ing : G allocyanine ch ro m e a lu m , values in  a rb itra ry  u n its ; for te s tin g  sign ifi­

cance see F ig . 1, T able  2 and  3 resp.

AF AO

F ig . 5. N u c le a r  DNA and R N A  c o n te n t  in  th e  apices o f te rm in a l buds of sp u rs b ea rin g  app le  
(A F ) a n d  w ith o u t apple (AO) — s ta in in g : G allocyanine ch ro m ealu m  an d  C oriphosphin-O - 
F e u lg e n , v a lu e s  in  a rb itra ry  u n its ;  fo r  te s tin g  significance see Fig. 1, T ab le  2 a n d  3 resp.

A c ta  B o ta n ic a  Academ iae Sc ien tia ru m  H u n g a r ic a e  2 5 . 1979



CYTOCHEMICAL INVESTIGATIONS ON A P P L E  TREES, I 59

Table 2

Statistical testing o f  the significance between averages listed in  Table 1

Samples II. IV. V. VI. VII. X.

I. Zone 1 —

Zone 2 4 X X X

Zone 2 —

Zone 3 X X X

Zone 4 X X X

I I I .  Zone 1 X

Zone 2—4 X X X

Zone 2 X X X

Zone 3 X X X

Zone 4 X X X

V I. Zone 1 —

Zone 2 4 X X

Zone 2 —

Zone 3 —

Zone 4 —

V III .  Zone 1 + X X

Zone 2—4 + —

Zone 2 + —
Zone 3 + —

Zone 4 + X X X

IX . Zone 1 X X X

Zone 2—4 X X X

Zone 2 X X X

Zone 3 X X X

Zone 4 X X

R em arks: 1. S ign ifican t a t  5%  =  X ; a t  2%  =  x x ; a t l %  =  x x x ; n o  te s t  fo r significance =  
=  insign ifican t

2. E x p la n a tio n  o f o th e r abbrev iations is g iv en  in Table 1.

is valifl for Zj and  Z 2, as well, p ro b a b ly  o w ing  to  the  higher R N A  c o n te n t  in 
nuclei o f  cells in AO samples. W ith in  t h e  t o t a l  nucleic acid c o n te n t  revealed 
b y  s ta in ing  w ith  GCA, i t  is the  D N A  w h ich  has  a considerable p r o p o r t io n  of 
values reco rded  (Fig. 4). T he  t ren d  of d a ta  in  Fig. 5 is com parab le  to  th e  results 
p resen ted  above, how ever,  these d a ta  a re  less convincing.
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Table 3

Statistical testing o f  the significance between various zones w ithin the apex

Samples Zones Zones Zones Zones Zones Zones
1/2 113 1/4 2/3 2/4 3/4

I.

и .

h i .

X X X X X X X — — —

__ X X X — X — X X

IV.
y

X X X X X X X X X — X X X X

V I. — X X X X — — —

V II. — — X X — X —
V III . X X X X — — X X X —

IX . — — X X X — X X X X

X . — X X X — X X X X X X

R e m a rk : E xp lan atio n  of th e  ab brev ia tions is given in  T ab le  1.

T h e se  f indings a b o u t  nucleic  acid level o f  cell nuclei correspond to  th e  
re su l ts  pu b l ish ed  form erly  ( Z e e v a a r t  1962, G i f f o r d  1963 and p a p e r s  in 
B e r n i e r  1970). F u r th e rm o re ,  i t  is w orth  m e n t io n in g  th e  results r e p o r te d  b y  
S c h m i d t  (1977). D a ta  of  his p a p e r  suggest t h a t  there is a relationship between 
in te n s ity  o f  floiver p rim o rd ia  in itia tion  and rate o f  R N A  synthesis in  buds o f  
apple cu ltivars.

A n o th e r  n u tr i t io n a l  a sp e c t  of the  flower b u d  fo rm ation .  Histo logical a n d  
c y to c h e m ic a l  inves t iga t ions  in  apices of m a n y  species show th a t  th e  m i to t ic  
an d  m e ta b o l ic  ac t iv i ty  in t h e  cen tra l  zone of  t h e  apex  is greatly  e n h a n c e d  
before  i t s  m orphological changes  ( =  flower p r im o rd ia  formation) can  be  o b ­
served . T h is  ac t iva t ion  is a re a l  requisite  for in i t i a t in g  flower p r im o rd ia  d e ­
v e lo p m e n t ,  q u ite  genera lly  (see papers  in B e r n i e r  1970), in apple t ree  as well 
( B u b á n  1970, B u b á n  an d  S i m o n  1978). The c h a n g e  in  ac tiv ity  of th e  c e n t ra l  
m e r i s te m  is know n  to be con tro lled  by h o rm o n a l  fac to rs  as well as nuc le ic  
acid m e tab o l ism s .  R ecen tly  Sa c h s  (1977) has su g g es ted  th a t  “ . . . according to 
the n u tr ie n t diversion hypo thesis , induction causes activation  o f the central zo n e , 
a requisite  fo r  flo ra l in itia tio n  a n d  early developm ent, through greater a va ila b ility  
o f n u tr itio n a l factors (assim ila tes). ”  F u r th e rm o re  “ T hus ,  control o f flo w er in g  by 
chem ical or environm ental fa c to rs  m ay be an ind irec t result o f in fluences on 
assim ila te  su p p ly  distribution a n d  not upon specific  morphogenetic in fluences in  
the shoot ap ica l m eristem .’’'1

I t  is a ssum ed  th a t  nucle ic  acid replication  as well as m itotic  a c t iv i ty  are  
re g u la te d  b y  nucleohistones. F o r  inves t iga t ing  t h e m ,  sections were p r e p a r e d  
from th e  sam e apices p ro v id in g  sections for nucle ic  ac id  staining. A ccord ing  to
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th e  d a ta  of  Fig. 6, nuc leohis tone  c o n te n t  is s ign if ican tly  lower in AO bu d s  
th an  it  is in A F  apices. T h is  fac t  suggests t h a t  —  in a surprising w ay  —  th e re  
is no pa ra l le l ism  in DNA a n d  nucleohis tone  level in these cells, a n d /o r  these  
divergences o f  nucleic acid: h is tone  ra t io  shou ld  b e  an im p o r ta n t  f a c to r  in  th is  
d eve lopm en ta l  stage of f low er hud fo rm a tio n .  Nevertheless, in v e s t ig a t in g  
nuc leohis tones in th is  re spec t  p rov ided  r a th e r  inconclusive results  ( G i f f o r d  

1963, K n o x  a n d  E v a n s  1966).

AF AO

Fig. 6. N u c leoh istone  c o n ten t in th e  apices of te rm in a l b u d s of spurs bearing  a p p le  (A F ) and
w ith o u t app le  (AO)

sta in ing : F a s t  G reen FC F , v a lu es in a rb itra ry  u n its ; fo r te s tin g  significance see F ig . 1, T ab le  2
an d  3 resp.

I t  sh o u ld  be m entioned  t h a t  our cy tochem ica l in v es tig a tio n s  were carried  o u t  in apices 
w ith  h isto log ical o rgan ization  ty p ic a l for th e  v e g e ta tiv e  s tag e , th a t  is, before a c t iv a t io n  of th e  
cen tra l m eris tem . In  spite o f th e  v eg e ta tiv e  s tru c tu re  ex is tin g , th e  physiological flo ra l in d u c ­
tion  m u st be com ple ted  as i t  is exp ressed  by a lte re d  cy tochem ica l ch arac te ris tics  (com pare  
AO and  A F  b u d s, resp.). D u rin g  th e  n e x t d ev e lo p m en ta l stage (histological d iffe re n tia tio n  
w ith in  th e  ap ex ) th e re  are again  o th e r con d itio n s w ith  re sp ec t to  nucleic acid level in va rio u s 
m eristem  zones (B ubán  and  S im on  1978).

D a ta  p re sen ted  above are  p re lim in ary  resu lts , m ore  de ta iled  in v estig a tio n s a re  going 
on, cu rre n tly . N evertheless, o u r in v es tig a tio n s  c o n d u c ted  so fa r are able to m ake c lear th a t  a 
really  h ig h er nucleic acids level an d  a m uch  lower nu c leo h isto n e  co n ten t exist in th e  ap ices of 
te rm in a l b u d s on spurs w ith o u t fru it. On th e  o th e r h a n d , d a ta  concerning nucleic acid  and 
nucleohistone c o n te n t show a considerab le  u n ifo rm ity  w ith in  these apices. I t  seem s w orth  
stressing  th e  fa c t th a t  apices o f these  buds are p ra c tic a lly  induced  for tran s itio n  to  th e  rep ro ­
ductive  s ta te . T h is in d u ctio n  shou ld  be re la ted  to  th e  lack  of endogenous g ro w th  su b s tan ces  
(m ain ly  g ibbere llin s) o rig in a tin g  from  seedlets of y o u n g  fru its  (B ubán  and Sági  1976).

F rom  d a ta  i t  can be concluded  th a t  th e  s itu a tio n  d em o n s tra ted  by  q u a n ti ta t iv e  cyto- 
p h o to m e try  has proved  to  be an  essen tia l p reco n d itio n  fo r flow er bud  d iffe ren tia tio n .
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The m acro - a n d  m icroelem en t c o n te n t o f Festuca vaginata  in d iv id u a ls  an d  of 
th e ir  soil co llected  from  th ree  sw ards in  w hich Festuca vaginata  are d o m in a n t (Festuce- 
tum  vaginatae) w as s tu d ied  to  d e te rm in e  w here th e  niche w id th  is th e  g re a te s t in the  
soil, in the ab o v e-g ro u n d  p lan t p a r t  a n d  in th e  case o f p lan t/so il. T he e lem en ts  exam ined  
were as follows: K , Ca, P , Mg, N a, A l, Fe , Mn an d  Zn. F o r th e  ev a lu a tio n , th e  fo rm ulae  Bj 
an d  *Bj (d iv ided  by th e  category n u m b er)  and  th e  D2 analysis w ere app lied . On the  basis 
of plant/soil ra tio  som e estim ation  w as o b ta in ed  w ith  regard  to  th e  degree of efficiency 
w ith  which th e  p la n t  u tilizes the  n u tr ie n ts  av a ilab le  for it .  O f th e  th re e  p o pu lations, 
one was o b ta in e d  from  the  c h a ra c te ris tic  sand  du n e  soil of th e  reg ion  betw een  the  
D anube and th e  T isza  (F ü löpháza), th e  o th e r from  an  area  ly ing  n e a r to th e  C entral 
p a r t  of H u n g a rian  M iddle-R ange (N eszm ély), a n d  th e  th ird  from  an  a rea  o f tra n s ito ry  
ch arac te r (V á c rá tó t) . The niche w id th  of th e  p o p u la tio n  a t  V á c rá tó t, ca lcu la ted  on the  
basis of p lan t/so il, is th e  g reatest on  five  niche axes. T he niche w id th s o f th e  popu lation  
o b ta ined  from  F ü lö p h áza  narrow  dow n ow ing p ro b a b ly  to  spec ia lization . The niche 
w id ths of the  p o p u la tio n  from  N eszinély  — supposed ly  as a re su lt o f co m p e titio n  am ong 
accom panying  p la n ts  — are n a rro w er th a n  th a t  from  V ácrá tó t. T he n u tr ie n t  u tiliza tio n  
of th e  three p o p u la tio n s , on the  basis  o f the  re su lt from  D2 analyses, is d ifferen t. The 
p lan t a c tiv ity  a n d  se lec tiv ity  h av e  a decided in fluence  u p o n  th e  n u tr ie n t  u tiliza tio n .

Introduction

C urren tly  it is co n sid ered  th a t  a d a p ta t io n  and  a d a p tiv e  s tra teg ies  (cf. St e r n  and  R oche  
1974) app lied  by races a n d  ecotypes of id en tica l species grow ing in d iffe ren t h a b ita ts ,  is tak in g  
p lace in th e  course o f n a tu ra l  selection, m o reover th e  c h ara c te rs  differ by  y ield  or o th er 
c rite ria , and  som etim es ev en  of w ith resp ec t to  b ack g ro u n d , as well as th e  s ta te  o f physiological 
a d a p ta t io n  (An to n o v ics , L ovett  and B r a d s h a w  1966; G oodman  1969; e tc .). I t  also seems 
p ro b ab le  th a t  differences w ill be seen in th e  niche co n fig u ra tio n  of eco types o r o idy  of p opu la­
tio n s  o rig ina ting  from  d iffe re n t h a b ita ts ; h a rd ly  any  in v es tig a tio n s  o f th is  k in d  hav e  how ever, 
been  carried  ou t so fa r. U p  to  th e  p resen t d a y , th e  concep t o f niche has on ly  to  a sligh t e x te n t 
ta k e n  ro o t in p lan t eco log ical works (cf. W h it t a k e r  an d  L e v i n  1975; th e  reg en era tio n  niche 
co n cep t o f Grubb  1977; F e k e t e  e t al. 1976; P r é c s é n y i  e t al. 1977a, 1977b).

* Tece studies № . 11
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M aterial and Method

O w ing  to  th e  re la tiv e  s im p lic ity  o f carry in g  o u t e x am in a tio n s  is sa n d y  m eadow s, we 
chose a  s im ila r h a b ita t  as before ( F e k e t e  e t al. 1976: P r é c s é n y i  e t al. 1977a, 1977b). Our 
o b je c t  w as Festuca vaginata  w hich  in  d o m in a n t in  th a t  soil. W e w ere concerned  w ith  w h a t th e  
e n v iro n m e n ta l  facto rs were to  be  co n sid ered , w ith  re sp ec t to  Festuca  w hen  d escrib ing  the  
n ich e . O b v iously , owing to  th e  s im p le  physiognom ica l s tru c tu re  o f th e  m eadow , no aerial 
eco lo g ica l fac to rs  can be m en tio n ed . In  choosing th e  soil ecological fac to rs , th e  n u tr ie n t  co n te n t, 
seem ed  to  be  th e  m ost reasonab le .

In  th e  spring  of 1977, we v is ite d  3 Festuca vaginata  h a b ita ts  in  H u n g a ry . T h ey  w ere: 
F ü lö p h á z a  (F ), in  th e  region b e tw e e n  th e  D anube  an d  th e  T isza , to w a rd  th e  w est o f th e  tow n  
o f K e c sk e m é t, in  th e  san d y  a rea  o f th e  K isk u n ság ; N eszm ély  (N ) a t  th e  n o rth e rn  fo o t o f the  
H u n g a r ia n  M iddle-R ange in  T ra n s d a n u b ia  (Gerecse); and  V á c rá tó t (V) also a sa n d y  a rea  of 
th e  D a n u b e —Tisza region, b u t  110 k m  to  th e  n o rth  o f F ü lö p h á za  (F ig. 1). Sam pling  tim es: 
13. 4 V á c rá tó t;  5. 4 F ü lö p h áza ; 15. 4 N eszm ély. Sam ples w ere ta k e n  a t  all th re e  sites from  
10 F e s tu c a  v a g in a ta  tu f ts  each . T h e  ab o v e-g ro u n d  p a r ts  o f th e  p lan ts  w ere care fu lly  cleaned 
(w ith  c o tto n  wool) of sand ; sam ples w ere ta k e n  only from  th e  abov e-g ro u n d  p a r ts . T he slightly  
h u m ic  sa n d y  soil was rem oved  fro m  th e  rh isosphere  o f each  of th e  tu f ts ;  sam ples w ere tak en  
also  fro m  th e  sand  w hich w as c le an e d  o f th e  coarser o rgan ic  m a t te r  deposits . T h u s, tak en  
to g e th e r ,  we ob ta in ed  3 x 1 0  p la n t  (specim ens) and  3 x 1 0  soil sam ples re la te d  to  th e  form er.

T h e  accom panying  p lan ts  o ccu rin g  in  all th e  th ree  h a b ita ts  o f Festuca vaginata  d o m in an t 
in  s a n d y  m eadow  associations ( F estucetum  vaginatae) were as follow s: Andropogon ischaem um. 
C ynodon  dactylon , Euphorbia segu ieriana , Onosma arenaria , Syren ia  сапа , F u m a n a  procumbens. 
P lantago  ind ica , Crépis rhoeadifolia , E rigeron canadense. The species occuring  in  th e  m eadow  of 
F ü lö p h á z a  an d  of V ácrá tó t : K och ia  la n iflo ra , Tribulus terrestris, Holoschoenus vu lgaris , P oly­
g o n u m  p a tu lu m , Centaurea arenaria , A lk a n n a  tinctoria , Achillea  ochroleuca, M edicago m in im a ; 
th e  spec ies occuring  a t  F ü lö p h áza  a n d  a t  N eszm ély as well: T eucrium  cham aedrys, Scabiosa 
ochroleuca , S tip a  capillata , G ypsophila  arenaria . D ianthus pontederae , A sparagus o ffic inalis. 
Spec ies o ccuring  only a t  F ü lö p h á z a : H elian them um  n u m m u la r iu m , T h ym u s m arschallianus , 
S ilen e  p a rv iflo ra , Astragalus v a riu s , D ia n th u s serotinus, e tc . Species occuring  on ly  a t  V á crá tó t: 
E q u ise tu m  ram osissim um , C orisperm um  n itid u m , e tc .; only a t  N eszm ély: D ianthus arenarius , 
Seseli a n n u u m , Cytisus austriacus , e tc .

A c ta  B o ta n ica  Academ iae S c ien tia ru m  H u n g a rica e  25, 1979
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Table 1

Macro- and trace element content in p lan ts fro m  population  growing at Fülöpháza

К Cu P Mg Nu A1 Fe Mn Zn

g/kg mg/kg

1 10.5 2.4 1.3 0.6 0.036 98 231 43 24
2 10.5 3.8 1.4 0.9 0.036 94 328 60 31
3 13.5 3.3 2.2 0.6 0.028 56 211 63 25
4 13.5 3.4 1.9 0.7 0.032 49 196 51 29
5 10.0 3.3 1.6 0.7 0.044 66 198 71 26
6 10.0 2.7 1.2 0.6 0.036 43 162 59 17.6
7 13.0 2.8 1.5 0.5 0.058 67 201 51 32
8 7.0 3.2 1.1 0.6 0.032 40 195 51 28
9 8.5 2.8 1.4 0.5 0.024 8 159 40 16.4

10 11.5 3.1 1.7 0.6 0.024 85 225 46 33

Table 2

Macro- and trace element content in p lan ts fro m  population growing at Neszmély

К Ca P Mg Na AI Fe Mn Zn

g/kg mg/kg

1 7.5 5.0 0.9 0.8 0.052 680 895 35 45
2 4.0 4.3 0.6 0.6 0.044 190 910 24 43
3 5.0 3.5 0.7 0.5 0.036 500 940 26 38
4 4.0 3.9 0.6 0.5 0.048 850 875 30 46
5 3.8 4.0 0.6 0.6 0.048 553 783 23 39
6 4.5 6.1 0.6 0.9 0.056 680 890 35 35
7 5.0 5.7 0.7 1.0 0.060 1090 1250 43 39
8 4.7 5.9 0.7 0.8 0.052 846 1010 33 41
9 7.0 6.7 0.9 1.2 0.052 765 945 37 39

10 9.4 4.9 0.9 0.7 0.054 743 1000 30 33

T he m ethods of th e  chem ical analyses: Soil so lu tions w ere p rep ared  w ith  0.1 n o rm al 
h y d ro ch lo ric  acid; ra tio  o f th e  solving ag en t: 1 : 1 0 ; tim e allow ed for solving: 14 16 hours.
T he p la n t m ate ria l was d ried , th a n  destroyed  in  a  m ix tu re  o f n itr ic  acid  an d  p e rch lo ric  acid. 
T he q u a n ti ty  of K, Ca, Mg, N a, Fe, Mn, and  Z n co n ta in ed  in  th e  residue  was m easu red  w ith  a 
P e r k i n  — E lm er  290 В ty p e  a to m a b so rp tio n  sp e c tro p h o to m e te r. T he phosp h o ru s c o n te n t was 
d e te rm in ed  w ith  m o lib d a te , an d  th e  a lu m in iu m  c o n te n t w ith  e riochrom e cyan ide  using  th e  
co lo rim etric  m ethod  (T ö lg y e si  1969).

The basic d a ta  are g iven  in Table 1 — 3 a n d  4 — 6 .
In  th e  ev a lu a tio n , we ap p lied  th e  B; n iche w id th s (1/2-pl) ca lcu la ted  a f te r  L e v in s  

(1968). or m ore ex ac tly  th e  *B j-values (a fte r d iv is ion  by th e  ca teg o ry  n u m b er), an d  D2 s ta tis t ic s  
w ere also applied .
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Table 3

Macro- and trace element content in p lan ts fro m  population  growing at Vácrátót

К Ca P Mg Na A1 Fe Ma Zn

g/kg mg kg

1 15.0 2.2 2.7 0.6 0.028 35 131 29 19
2 16.5 2.7 3.3 0.9 0.028 157 232 50 25

3 14.0 1.7 3.4 0.6 0.028 8 203 44 22
4 13.0 3.3 2.9 0.5 0.028 160 350 90 27
5 11.5 3.1 2.5 0.6 0.040 147 342 72 28
6 20.5 2.6 4.5 0.8 0.032 38 230 45 32

7 13.5 2.4 2.6 0.5 0.036 29 134 61 26

8 16.0 2.8 2.5 0.6 0.024 31 198 69 25

9 15.0 1.9 2.6 0.5 0.020 11 190 60 24

10 12.0 2.2 2.5 0.7 0.036 43 161 47 24

Table 4

M acro- and trace element content in  soils o f  population o f  Festuca vaginata growing at Fülöpháza

I
К Ca p Mg Na A! Fe Mn Zn

mg/kg

1 50 14 500 13.9 520 12.0 65 60.6 52 3.0

2 50 14 400 12.7 500 11.6 70 47.8 50 3.2

3 54 14.300 14.6 560 11.6 63 46.5 56 2.8

4 50 13 800 13.2 600 12.4 68 46.5 57 4.0

5 48 15 000 12.2 600 12.0 81 45.0 55 3.2

6 60 14 800 8.8 540 11.6 71 35.3 53 2.0

7 90 13 700 12.6 540 12.4 83 52.2 48 4.0

8 42 13 200 13.2 460 10.4 75 49.3 47 2.4

9 54 13 000 10.5 420 11.6 102 52.2 50 2.4
10 44 13 000 11.9 480 12.4 61 45.0 52 3.8

T he m easured  5 m ac ro e le m e n ts  an d  4 m icro e lem en ts  to g e th e r can  be  considered  as a 
9 -d im en sio n a l niche space. I t  sh o u ld  be p o in ted  o u t t h a t  n o t on ly  th e  c o n ce n tra tio n  va lues 
o f  th e  fac to rs  in the  soil a t  th e  tim e  of ap p earan ce  of th e  p la n t, should  be considered  b u t  also 
th e  q u a n ti ty  of e lem ents a c c u m u la te d  by  th e  p lan t. I t  follow s th a t  we co m pare  th e  concen­
t r a t i o n  va lues found in  th e  p la n t  w ith  th a t  occu ring  in  th e  soil. B y m eans of th is , th e  niche 
a c q u ire s  a functional sense, since we o b ta in  a c e rta in  e s tim a tio n  of how  th e  p la n t  econom izes 
w ith  th e  n u tr ie n t e lem en t a v a ilab le  for it. A lthough  th e  a u th o rs  are aw are  o f th e  fa c t  th a t  from  
th e i r  d a ta  (few cases, a n d  a n  u n k n o w n  in itia l e lem en t co n ce n tra tio n  in  th e  soil) on ly  v e ry  
c a u tio u s  estim a tio n  can  b e  m ad e  in  re la tio n  to  th e  n u tr ie n t  u tiliz a tio n , th e y  suggest t h a t  
th e  p la n t/so il ra tio  expressing  th e  u tiliz a tio n , or th e  effic iency , can  be considered  as a niche axis.
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Table 5

Macro- and trace element content in  soils o f  population  o f  Festuca vaginata growing at N eszm ély

К Ca P Mg Na A1 Fe Mn Zn

mg/kg

1 86 13 900 29.6 1020 20.0 243 25.3 63 8.0

2 53 12 000 23.3 940 17.6 204 26.7 54 4.6

3 53 11 700 24.8 860 21.2 216 21.1 49 5.0
4 62 13 400 21.8 930 15.6 188 16.9 54 4.2

5 59 11 900 25.8 1060 17.6 274 18.3 57 6.0

6 75 9 700 21.6 1120 16.4 216 21.1 60 5.2
4 75 9 000 31.6 1100 17.2 275 22.5 59 5.8
8 66 12 500 27.6 1100 18.4 199 39.5 63 5.2

9 66 13 100 24.1 1060 16.4 196 19.7 60 4.4

JO 80 11 200 28.0 880 14.0 196 31.0 49 5.4

Table 6

Macro- and trace element content in soils o f  population  o f  Festuca vaginata growing at Vácrátót

К Ca P Mg Na Л1 Fe Mil Zn

mg/kg

1 51 1500 56.8 150 27.2 235 9.8 33 3.2

2 35 1000 69.5 172 11.6 272 11.3 29 2.4

3 40 1 100 46.8 166 14.0 201 7.0 28 2.2

5 39 1500 53.7 186 10.8 238 14.1 29 3.0

5 36 1300 54.4 192 8.8 248 18.3 29 3.0

6 75 1000 49.3 190 10.0 265 14.1 27 3.0

5 42 1300 58.1 212 10.8 250 12.7 27 2.4

8 35 1000 54.4 178 9.6 235 16.9 27 2.6

9 44 1400 53.5 186 10.0 228 14.1 24 2.0

10 59 1200 65.0 198 10.8 217 21.1 26 2.6

Results a n d  Discussion

N u tr ien t su p p ly , n u trien t content, ion-antagonism

As regards th e  calcium  supp ly  o f th e  soil, th e  sam ple  of V á crá tó t is w eak er w ith  one 
o rd er o f m ag n itu d e  th a n  th a t  of the o th e r  tw o ; the  calcium  co n te n t o f th e  p lan ts  a t  V á c rá tó t 
is also th e  lowest ( th e  sam e has been ex p erien ced  in acidic sand  w ith  Festuca vaginata; K á r p á t i  

I., K á r p á t i  V. an d  T ö l g y e s i  1970), w hile a t  th e  sam e tim e th e  p lan t/so il ra tio  is h ig h er w ith  a 
h a lf  o rder of m ag n itu d e  w hich ind ica tes t h a t  calcium  u tiliza tio n  is m ore in ten siv e  here  th a n  it
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Table 7

M e a n s  o f  concentrations a n d  standard  deviation o f macro- and trace elements in  Festuca vaginata

Fülöpháza Neszmély Vácrátót

X s X s X S

к 10.80 2.1370 5.49 1.8556 14.70 2.6059

Ca 3.08 .4077 5.00 1.0729 2.49 .5087

P 1.53 .3335 .72 .1315 2.95 .6364

M g .63 .1158 .76 .2269 .63 .1338

Na .035 .0001 .05 .0067 .03 .0063

Л1 60.60 27.5608 719.70 58.1777 65.90 62.3029

Fe 210.60 47.3033 949.80 39.1526 217.10 76.3142

M n 53.50 9.6405 31.60 6.2570 56.70 17.4103

Zu 26.10 5.8583 39.80 4.1037 25.20 3.4900

Table 8

M eans o f concentrations and  standard deviation o f  macro- and trace elements in  soil

Fülöpháza Nesz mély Vácrátót

X * X « * S

К 54.20 13.5794 67.50 11.2472 45.60 12.8254

Ca 13 970.00 118.1948 11 840.00 1556.4918 1230.00 200.2776

P 12.36 3.5157 25.82 3.3317 56.15 6.7845

Mg 522.00 22.8473 1 007.00 96.6149 183.00 17.4419

Na 11.80 3.4351 17.44 2.0833 12.36 5.3981

A1 73.90 12.2332 220.70 32.2664 238.90 21.2104

Fe 48.04 6.4939 24.21 6.8169 13.94 4.1219

Mn 52.00 3.3332 56.80 5.1595 27.90 2.3770

Zn 3.08 0.7000 5.38 1.0863 2.64 .4000

is th e  o th e r  two sam ples. A s a g a in s t th is, the  p h o sp h o ru s  c o n te n t of th e  p lan ts  a t  V á c rá tó t is 
th e  h ig h es t. The p h o sp h o ru s c o n te n t  of the  m ostly  ca lca reo u s soil of F ü lö p h áza  is th e  low est, 
w h ile  a t  th e  same tim e th e re  th e  p lan t/so il ra tio  is th e  h ig h es t, w hich m ay  in d ica te  an  in tensive  
p h o sp h o ru s  accum ula tion  (T ab les  7 — 9).

Considering th e  p o ta s s iu m  c o n ten t, the  th ree  sam p les show  2 — 3-fold d ev ia tio n s ; thu s, 
e s se n tia l  differences m ay  o c cu r n o t on ly  w ith in  sub-species (cf. Sh e a  e t al. 1968), b u t  also am ong 
p o p u la tio n s . The К /Ca ra tio  is th e  h ighest in the p la n t  fro m  V á c rá tó t, t h a t  is w here calcium  is 
less d o m in a n t in the  soil. T h e  p o p u la tio n  of N eszm ély, is n o t  able, in th e  course of tak in g  up 
io n s , to  com pensate th e  h ig h  calcium  co n ten t o f th e  soil b y  p o tassiu m ; th e  К /Ca ra tio  is 
m e re ly  a ro u n d  1 here. T he p o p u la tio n  of Fü löpháza  h a s  m ore calcium  ion  an d  less po tassium  
a v a ila b le  th a n  has th e  N eszm ély  p o p u la tio n ; in sp ite  o f th is , th e  an tag o n ism  of th e  tw o ions 
is  m o re  favourable  th a n  in  th e  case o f the  Neszm ély p o p u la tio n .
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Table 9

M eans and standard deviation o f  ratios o f  macro- and trace elements. P lant/so il

Fülöpháza Neszmély Vácrótót

X 8 X 8 X »

к 204.400 45.1595 80.400 19.7269 336.10 79.5982

Ca .219 .0316 .433 .1257 2.07 .5338

P 124.420 22.4929 27.960 4.4697 53.67 16.0078

Щ 1.210 .2311 .747 .1803 3.48 .8514

Na 2.690 .8029 2.936 .6094 2.69 .9644

Л1 .868 .4401 3.310 .8898 .26 .2445

Fe 4.425 1.0110 41.220 9.3429 16.61 6.6856

Mn 1.025 .1676 .555 .0927 1.97 .6550

Zn 8.543 1.3670 7.63 1.6594 9.70 1.6023

Table 10

M eans o f  ion-ratios in  three Festuca vaginata populations

F N V

K/Ca 3.55 1.12 6.14

Ca/Mg 4.95 6.87 4.09

Fe/M n 3.94 30.06 3.83

The calcium /m agnesium  ratio  does n o t  show  m uch  difference. The va lues o f m agnesium  
an d  sodium  in the  th re e  sam ples are n e a rly  id en tica l.

The very h igh  v a lu es of a lum in ium  a n d  iron  c o n te n ts  in  th e  p o p u la tio n  fro m  N eszm ély  
are  n o t to  be in te rp re te d  as th e  influence o f th e  h a b ita t  b u t  as th e  ch arac te ris tic s  o f  th e  p o p u la ­
tio n . T he high iron  c o n te n t in our case is n o t  acco m p an ied  by  low phosphorus a n d  calc ium  v a l­
ues. On th e  o th er h a n d , th e  iron an tag o n ism  is recognizab le  also w ith  sam ples fro m  N eszm ély  
(T able  10).

The regularity o f  the nu trien t u tilization

I t  is a fu n d a m e n ta l question  w h e th e r i t  is th e  p la n t o r th e  soil th a t ,  in  a d d itio n  to  several 
o th e r  facto rs reg u la tes th e  n u trie n t u t il iz a tio n  ra tio  (p lan t/so il). H ow ever sim ple  th e  qu estio n  
is, i t  is d ifficu lt to an sw er i t  exactly . Since, o n  th e  basis o f availab le  d a ta , i t  c an n o t be a p p ro a c h ­
ed  in an y  o th er w ay , we exam ine w ith w h a t  va lues th e  efficiency values are  m ore co n sis ten t: 
w ith  th e  value of th e  m en tioned  e lem en t (n u tr ie n t)  show n from  the  p la n t as th e  v a lu e  w hich 
expresses th e  “ a c t iv ity ”  an d  “ se lec tiv ity ”  o f  th e  p la n t in  th is  d im ension — o r w ith  th e  values 
m easu rab le  in the  soil — w hich on the  o th e r  h a n d  is a  m ore passive fac to r a n d  w h ich  in d ica te s  
a t  th e  m ost the p o ss ib ility  o f u p tak e  only .
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Table 11

P lant/so il—plant (1 )  and  p la n t/so il— soil (2 ) relationships. Table o f  coefficients o f  correlation (г )

Fülöpháza Neszmély Vácrátót

1 2 1 2 1 2

к .555 — .515 .860** .203 .241 — .700*

Ca .924*** — .328 .839** — .701* .738* — .624

p .742* — .241 .745* — .211 .925*** — .648*
M g .820** — .314 .965*** .466 .923*** — .541

N a .984*** .094 .864** -.8 7 5 * * * .778** — .706*

A1 .976*** — .750* — .832** — .428 .996*** .459
Fe .840** -  .350 .225 — .834** .587 — .578

M n .930*** .054 .889*** .123 .357 — .465

Z n .353 .271 .510 — .783** .501 .726*

* significant a t  5 %  
** significant a t  1%  

*** significant a t  0 .1%

T he resu lt is v e ry  in s tru c t iv e ;  can read  dec id ed ly  fro m  th e  Table 11 th e  o u ts tan d in g  
in flu en ce  of th e  p lan t. T h ere  is a p ositive  and  in m an y  cases s ig n ifican t re la tio n sh ip  b e tw een  th e  
p la n t  (ion co n ten t) a n d  th e  th e  n u tr ie n t  efficiency. As a g a in s t th is , th e  corre lations be tw een  
effic iency  and  th e  n u tr ie n t  v a lu es o f  th e  soil in m ost cases a re  n eg a tiv e ; a t  least, th e  sign ifican t 
co rre la tio n s  are all n eg a tiv e . T h is fa c t  in itse lf shows how  u n sa tis fa c to ry  i t  is if  on ly  th e  e n v iro n ­
m e n t  is exam ined  an d  i ts  v a lu es o n ly  are considered , o r h o w  essen tia l i t  is to  m easu re  also th e  
p la n t ’s response. F ro m  th e  T ab le  we can realize t h a t  th e  differences in  th e  p o p u la tio n s  arise 
p r im a r ily  in th e  case o f th e  m ic ro -n u trie n t supplies, w hile  in  th e  case o f the  m a c ro -n u tr ie n t 
e lem en ts  (w ith  th e  ex cep tio n a l po tassiu m ) there  is g re a t ag reem en t am ong th e  th ree  sam ples.

Niche width

T able  12 p resen ts  th e  *B j-values b y  calcu la ting  in  th re e  d iffe ren t ways. I t  is m ore  t r a d i­
t io n a l  to  calculate i t  on  th e  b asis o f  th e  n u tr ie n t c o n c e n tra tio n  in  th e  soil, while i t  is a m ore 
m o d e rn  w ay  to  o b ta in  th e  re p re se n ta tio n  of th e  n iche w id th s  b y  th e  p lan t/so il v a lues. I t  can  
be  seen  th a t  th e  ab so lu te  v a lu es a re  en tire ly  d ifferen t, a n d  also th e  orders by  e lem en ts, in th e  
th re e  m odes of calcu la tion . F o r  ex am p le , on th e  basis o f  th e  p la n t ,  th e  sam ples of V á c rá tó t s ta n d  
o n ly  once a t  th e  f irs t  p lace  o f  th e  *Bj ra n k —in th e  case o f  M n —b u t  since on th e  basis o f th e  
soil th e  w id th  is ra th e r  n a rro w ed  d ow n , if  our ca lcu la tio n  is b a sed  on  p lan t/so il ra tio , th e  sam ­
p les can  be placed f i r s t  e v en  on  5 axes. A ccordingly, i t  c a n n o t be  considered a  sp ec ia lis t in 
a n y  o f  th e  axes. The soil re p re se n ta tio n  of th e  sam ples o f N eszm ély  varies w ith in  w ide lim its ; 
i t  is  o f  th e  g rea tes t w id th  w ith  7 ion s; th a t  th is in  th is  w a y  is u n rea lis tic  is in d ica ted  even  by 
th e  p lan t/so il values; i t  seem s t h a t  F estu ca  becom es th e  sp ec ia lis t o f m agnesium  a n d  m an g a ­
nese. T he p o p u la tio n  fro m  F ü lö p h á z a  is a specialist one in  re sp ec t o f th e  calcium  an d  iro n -co n ­
te n t ,  a n d  as against th e  o th e r  tw o  p o p u la tio n s i t  is n o t  g en era l in  an y  of th e  axes.
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Table 12

Niche breadth (* B  J-va lues calculated on the basis o f  data o f  p la n t , soil, and plan t/so il

Plant Soil Plant/Soil

F N
number 

V of cate- 
1 gories

F N V
number 
of cate­
gories

F N V
number 
of cate­
gories

к .3704 .3268 .3704 9 .2688 .5208 .2976 12 .3030 .1337 .4545 и

Ca .2525 .5682 .3496 11 .1701 .2747 .0714 14 .0714 .1879 .4464 14

P .2645 .1111 .2057 9 .0938 .1832 .2747 13 .3571 .1231 .1786 15

.3676 .7812 .4464 8 .1923 .2273 .0610 20 .1333 .1149 .4762 15

N a .6250 .4464 .4807 8 .2000 .2941 .2381 10 .3030 .3333 .4166 15

A1 .0909 .5050 .1683 11 .1317 .3030 .3247 11 .2976 .4166 .1437 12

Fe .1984 .3472 .2193 12 .1984 .3472 .2451 12 .0714 .5102 .3571 14

Mn .4166 .2717 .5682 8 .2976 .3247 .1323 14

CC
O

n
fH

.1231 .5102 14

Zn .4762 .4202 .3086 7 .3205 .3205 .2137 13 .3247 .3968 .3571 14

D 2-analysis

By m eans of th e  D 2-analysis i t  can  be e s tab lish ed  su itab ly  how  the  p o in t c lo u d s of 
d is tr ib u tio n  in five d im ensions (m acroelem en ts) a n d  in  four d im ensions (trace  e lem en ts) cover 
each o th e r, or how  th ey  d iverge from  one a n o th e r  (cf. Sh u g a r t  an d  P a tte n  1972; F e k e t e  
e t al. 1976, PRÉcsÉN Y iet al. 1977a). T he re su lts  o f l)2-analyses a re  show n in T ables 13, 14 a n d  15.

Table 13

D 2-analysis result. D -values, Festuca vaginata

Macroelements Trace elements

Fülöpháza Neszmély Fülöpháza Neszmély

Neszm ély

V á crá tó t

2.3153***

1.2558** 1.9491***

4.5003***

0.1241NS 18.468***

NS =  n o t s ig n ifican t; m arks see in T able  11.

Table 14

D 2-analysis result. D-values. Soil

Macroelements Trace elements

Fülöpháza Neszmély Fülöpháza Neszmély

N eszm ély 2.5771*** 2.3469***

V ácrá tó t 8.3384*** 5.9867*** 6.1098*** 2.7877***

m arks see in  T ab le  11.
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Table 15

D'!-analysis result. D -values. Plantlsoil

Macroelements Trace elements

Fiilöpháza Neszmély Fiilöpháza Neszmély

Neszm ély

V ácrá tó t

2.7694***

2.2654*** 2.0260***

3.1318***

1.4135** 2.2643***

M arks see in  T  able 11.

T ab le  14 p resen ts th e  co m p le te  sep ara tio n  of F estuca vaginala  soils b y  sam ple  pa irs . T he 
tw o  sam ples of th e  D u n a —Tisza region (th e  v a lu es m easu red  in th e  p lan t)  on th e  o th e r h an d  
do n o t sep ara te  as re g a rd s  th e  trace  elem ents. In  th e  p lan t/so il values th e  sep a ra tio n  is a lread y  
co m p le te  in th e  case o f a ll th ree  sam ple pa irs , in  b o th  th e  m acro- and trac e  e lem ents.

Sum m ary

Samples were  collec ted  from F estuca vaginata  popu la t ions  growing in 
d if fe ren t  conditions b o th  geographically  —  th e y  were ob ta ined  from  3 areas —  
a n d  to  a certa in  e x t e n t  cenologically. T h e  h a b i t a t  of F iilüpháza  is the  m o s t  
e x t re m e  (the sw ard  is th e  most open); th e  h a b i t a t  of N eszm ély , w ith  its 
g re a te s t  closeness, h a s  an inclination to w a rd s  th e  s teppe-m eadow s in th e  
M idd le-R ange; th e  h a b i t a t  in Y á c rá tó t  occupies  a m edium  place.

T en  tu f ts  w ere  collected from each o f  th e  h a b i ta ts ,  to g e th e r  w ith  soil; 
t h e y  were d e te rm in ed  for 9 elements.

As regards th e  m acroe lem ents  in  th e  sam ples ,  po tass ium  and  phosphorus  
show  th e  m ost e ssen t ia l  deviation . T h e  v e ry  h igh  value  of a lu m in iu m  an d  iron 
in th e  p lan ts  from  N eszm ély  can p ro b a b ly  be  expla ined  as a ch a rac te r is t ic  of 
t h e  popu la t ion . T h is  p o p u la t io n  is re m a rk a b le  w ith  its high Fe/M n ra tio  and  its 
low  К /Ca ratio .

F o r  the  c h a ra c te r iz a t io n  of th e  n iche (niche w id th , niche sepa ra t ion )  is 
reaso n ab le  if we t a k e  th e  plant/soil n u t r i e n t  ra t io s  into considera t ion ;  such 
axes can  ind ica te  t h e  u t i l iza t ion  (efficiency).

T he  niche w id th s  o f  th e  p opu la t ion  o r ig in a t in g  from F iilöpháza , which  is 
o f  an  ex trem e pos i t io n ,  pushed  fo rw ard  to w a rd s  th e  edafical sand  desert  m a y  
— owing to  spec ia liza tion  —  decrease.

T he  niche w id th s  of  th e  popu la t ion  of  N eszm ély , which p ro tru d es  tow ards  
th e  M iddle-Range t e n d  to  decrease too  —  p r o b a b ly  owing to  the  growing c o m ­
p e t i t io n  of the  a c c o m p a n y in g  plants . T he  n ich e  w id ths  of the  p o p u la t io n  from  
V á c rá tó t ,  which is o f  a t ra n s i to ry  pos i t ion , are  th e  grea tes t  even on 5 axes.

On th e  basis o f  t h e  values b y  r a n k  o rd e r  o f  th e  niche w id ths ,  in th e  case 
o f  p la n ts  and soils, o f  th e  th ree  p o p u la t io n  t h a t  of Neszm ély  showed the
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g rea te s t  w id th , th e n  com e th e  popu la t ions  of V á c rá tó t  and  of F ü lö p h áza .  
In  the  case of p lan t/so il ,  th e  sam ple  from V á c rá tó t  s ta n d s  a t  th e  f irs t  place, 
and  it  is followed b y  sam ples  from Neszmély and  th e n  from  Fü löpháza .

As regards th e  n u t r i e n t  u ti l iza tion , we succeeded  in de tec t ing  the  d if­
ferences in the  3 sam ples  —  by  m eans of D 2 analysis .

In  our case, i t  is n o t  th e  soil which is responsib le  for th e  values of 
n u t r ie n t  u ti l ization , since th e  values m easured  in th e  soil are a t  m ost only 
ind ica to rs  of the  possib ilities  of u p tak e .  The p la n t ,  b y  its a c t iv i ty  and  selec­
t iv i ty ,  decidedly in fluences th e  efficiency.
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SCANNING ELECTRON MICROSCOPY 
OF SOME SELECTED RECENT 
AMENTIFLORAE POLLENS I

By

M . K e d v e s

DEPARTMENT OF BOTANY, JÓZSEF ATTILA UNIVERSITY, SZEGED, HUNGARY 

(R eceived  Ju n e  25, 1978)

A new  series of pap ers , on  th e  scann ing  e lec tro n  m icroscopy of som e A m en ti-  
flo ra e  ta x a  is begun. In  th is  p a p e r (in  th e  f ir s t  p a r t  o f th is  series) w ith  th e  follow ing 
genera  a re  d e a lt: Corylus, C a rp in u s , O strya , C asuarina.

In troduc tion

C oncerning th e  lig h t m icroscopy o f th e  recen t A rnentiflorae  pollens we h av e  a n u m b er 
of p u b lica tio n s. T he m ost im p o rta n t d a ta  w as su m m arized  b y  T i ia n ik a im o n i  (1973, 1976). 
D uring  o u r Т Е М  an d  SEM  in v estig a tio n s on  N orm apolles t a x a  (St a n l e y  an d  K e d v e s  1975) 
we needed to  m ak e  som e SEM  o b se rv a tio n s on recen t Cary a species (K e d v e s  a n d  St a n l e y  
1976). In  c o n tra s t  w ith  th e  fac t, t h a t  we have  m uch  in fo rm a tio n  ab o u t th e  re c e n t fossil 
Arnentiflorae  t a x a ,  th e re  are few SEM  d a ta , so i t  is im p o r ta n t  to  c o n tin u te  SEM  in v es tig a tio n s  
in  th is  field  o f Pa lyno logy .

Material and Method

The in v es tig a tio n  m ate ria l w as co llected  in th e  H e rb ariu m  of th e  M useum  o f N a tu ra l 
H isto ry , B u d a p e s t fo r w hich I express m y  sincere th a n k s  to Dr. J .  Sz u j k ó -L acza , h ead  of 
the  B o tan ica l D e p a rtm en t. For th e  p re p a ra tio n  of th e  a ir d ried  pollen m ate ria l, th e  L e f f i n g - 
w e l l ’s m e th o d  w as tak e n  for a basis (1970, in L e f f i n g w e l l , L arson  and  Va l e n c i a ). A fter 
th e  covering  (w ith  go ld-pallad ium ) th e  s tu b s  were o rien ted  in  45° as usually . T he SEM  p ic tu res  
were tak e n  in  th e  EM  L ab o ra to ry  of th e  H u n g a rian  A cadem y of Sciences (D ep t, o f Zoology, 
E L T E  U n iv e rs ity , B udapest). T h an k s , for A ssocia ted  P rofessor J .  K ovács, A ssocia ted  P ro ­
fessor M. J á r a i- K omlódi  (D ep t, of S y s te m a tic  B o tan y , a n d  Phy toeco logy  of th e  E L T E  
U n iv ersity , B u d a p es t) . F o r adhesive m ate ria l, M eth y l-e th y l-k e to n e  co n ta in  po ly v in y lch lo rid e  
was used. T his ad hesive  m ate ria l was o b ta in e d  from  D r. H . L e f f i n g w e l l  (A naheim , C alifornia, 
USA) m an y  th a n k s  for his generous help.

T he d ia m e te r  d a ta  o f th e  pollens a re  based  on 150 200 m easu rem en ts o f po llen , the
SEM  ch a ra c te rs  a re  o f 2 or 3 specim ens.

Results

In  th is  p a p e r  we publish  the  SEM  resu lts  o f th e  follow ing genera: 1. Corylus, 2. C a rp in u s , 
3. Ostrya , 4. C asuarina.
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1. General characters o f  the pollen grains o f  the above m entioned genera:

1.1. L ig h t m icroscop ica lly  these pollens are tr ia p e r tu ra te ,  ap ertu res  som etim es p ro m i­
n e n t,  a m b  in  p o lar v iew  t r ia n g u la r  or sem icircular. B ased  on  th e  classical lig h t m icroscopical 
re su lts ,  all pollens o f th e se  gen era  have  pores (no a tr iu m , no vestibu lum ).

1.2. The m o st im p o r ta n t  ТЕМ  d a ta  are as follow s:
T he in fra tec tu m  is g ra n u la r , like m an y  U p p e r C re taceous and  Low er T e rtia ry  N orm a- 

polles. T h is seems to  be  one o f th e  ch arac te rs  o f th e  re c e n t A m entiflorae  ta x a . T ec tu m  w ith  
sp ines: Corylus, C arp inus, O strya , Casuarina. C hannels in  th e  te c tu m : Corylus, C arpinus, 
Ostrya.
L am ella r  endexine in th e  po re  w all region: Corylus, C arp inus.

O th e r k ind  of e n d ex in e : Casuarina.
P ores, by  th e  Т Е М  d a ta :  Corylus.

Table 1

Species Coni basis No. coni 
per ft1 Stries Diameter, ц Prominent

germ.

Corylus

C. americana 0.2 3 + 1 8 -2 6 +

C. avellana 0 .2 5 -0 .3 2 - 3 ± 26—34 ±

C. colurna 0.2 2 - 3 — 1 8 -2 6 —

C. heterophylla 0.2 3 - 4 — 16—18 —

C. m axim a

СЧÖ©

6 - 18 24 —
C. mirabilis 0.25 4 - 5 — 22 26 —

C. rostrata 0.2—0.25 3 - 4 - 24 30 —

C. yunnanensis 0.3 2 - 3 — 28 -  35 —

O strya

0 . carpinifolia 0.2 3 - 4 ± 20 28 +
0 . virginica 0.25 3 25 30 +

C arpinus

C. americana 0.25 1 - 2 3 0 -3 5
C. betulus 0.2 2 - 3 + 3 8 -4 6 ~b
C. caroliniana 0.2 3 ± 3 8 -4 6 +

C. cordata 0.2 3 38—45 +
C. duinensis 0.2 3 ± 28—35 +
C. orientalis 0.2 2 - 3 ± 34—40 +

C asuarina

C. equisetifolia 0.4 2 + 28—37 ±

C. glauca 0.2 3 - 4 + 25—30 +
C. stricta 0.3 2 - 3 — 27- 38 —
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O th er k inds of ap ertu re  (a tr iu m ) based  on th e  Т Е М  d a ta :  C arpinus , O slrya , C asuarina.
1.3. T he subm ieroscopical scu lp tu re  h av e  tw o ty pes:
1.3.1. Coni
On Eocene fossil N orm apolles St a n l e y  an d  K e d v e s  (1975) in v es tig a te d  th is  ty p e  of 

subm ieroscopical scu lp ture .
1.3.2. S tries
The m o st im p o rta n t palyno log ica l c h a ra c te rs  of the  in v estig a ted  species a re  su m m arized  

in th e  T ab le  1.
U n d er th e  Scanning  effect we o bserved  m an y  deform ed pollen grains. W e concluded , 

th a t  th ese  are connected  w ith  the  o n to g en e tica l stage of th e  pollen grains.
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Plate I

1. C orylus americana  W alt. X 2000
2. C orylus americana  W alt. X 10000
3. C orylus avellana L. X 2000
4. C orylus avellana L. X 10000

5. Corylus colurna  L. X 2000
6 . Corylus colurna  L. X 10000
7. Corylus heterophylla  F ischer X 2000
8. Corylus heterophylla  F ischer X 10000
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Plaie II

1. Corylus m a xim a  Mill. X 2000
2. Corylus m a xim a  Mill. X 10000
3. Corylus m irabilis  Sennen X 2000
4. Corylus m irabilis  Sennen X 10000

5. Corylus rostrata  A iton X 2000
6 . Corylus rostrata  A iton  X 10000
7. Corylus yu n n a n en s is  A. Camus X 2000
8 . Corylus yu n n a n en s is  A. Camus X 10000
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Plate  I I I

1. O strya  carpin ifo lia  Scop. X 2000
2. O strya  carpinifolia  Scop. X 10000
3. O strya virginica  W illd. X 2000
4. O strya  virginica  W illd. X 10000

5. C a rp in u s americana  L. X 2000
6 . C a rp in u s  americana  L. X 10000
7. C a rp in u s  betulus L. X 2000
8 . C a rp in u s  betulus L. X 10000

ЯН
И
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Plaie IV

1. C a rp in u s caroliniana  W alt. X 2000
2. C a rp in u s caroliniana  W alt. X 10000
3. C arp inus cordata B lum e X 2000

6

4. C arpinus cordata B lum e X 10000
5. C arpinus d u in en sis  Scop. X 2000
6 . C arpinus d u in en sis  Scop. X 10000
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1. C a rp in u s  orientalis Mill. X 2000
2. C a rp in u s  orientalis Mill. X 10000
3. C a su a rin a  equisetifolia L . X 2000
4. C a suarina  equisetifolia L. X 10000

5. C asuarina  glauca  Sieb. X 2000
6 . C asuarina  glauca  Sieb. X 10000
7. C asuarina stricta  (D ry an d ) A it. X 2000
8 . C asuarina stricta  (D ry an d ) A it. X 10000
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STUDY OF THE FLOWERING AND GENER ATI VITY 
OF ADONIS YERNALIS L. POPULATIONS

By

A . M a t h e

RESEARCH INSTITUTE FOR MEDICINAL PLANTS, BUDAKALÁSZ

T he s tu d y  of flow ering  an d  g e n e ra tiv ity  of A don is vernalis L. p la n t  in d iv id u a ls  
h a s  led to  th e  follow ing conclusions: T he Indexes-Y  and  -G (expressing  th e  flow ering  
a n d  g en era tiv ity  of p la n t  in d iv id u a ls )  are also su itab le  for the  fe a tu rin g  o f p o p u la tio n s. 
U sing  th em , i t  can be d e te rm in ed  w hen  th e  m a jo rity  of p lan ts are in  th e  ph en o p h ase  
of full-flow ering. T his is th e  p h en o p h ase  of m ass flow ering of th e  p o p u la tio n . The 
rig h tw ard s  s lan ting  cu rve  of th e  d is tr ib u tio n  of In d ex -G  frequencies does n o t  f i t  to th a t  
o f th e  n o rm al frequency  d is tr ib u tio n . G -index va lues of p lan t in d iv id u a ls  w ith in  one 
p o p u la tio n  have also a r ig h tw ard s  s la n tin g  curve  of frequency  d is tr ib u tio n . T he analyses 
o f  th e  phenophase of flow ering  as a fu n c tio n  of g en era tiv ity  resu lted  in  th e  conclusion  
t h a t  w ith in  a p o p u la tio n  the  flow ering  process o f h ighly  generative  p la n ts  is p ro trac te d .

Introduction

In  an earlie r pap er ( M Á T H É  1977), we re p o rte d  on the  e lab o ra tio n  o f th e  In d e x  o f  
Flowering  (V) an d  Index o f  G enerativity  (G) for th e  ecological s tu d y  of A d o n is  vernalis  L.

T he Index o f Flowering (V) is c a lcu la ted  for th e  num erica l expression  of th e  phenophase  
of flow ering  of th e  species. F o r th is  p u rpose , we m ade use of th e  flow ering c h a ra c te r is tic  of 
th e  p la n ts , according to w hich, b u d s, flow ers and fru its  (in th e  phenophase o f f ru it-s e tt in g )  
can  he found  on the  sam e p lan t, a t  a given tim e. In  th e  phenophase of full flo w erin g , the  
n u m b er o f buds and  fru its  is eq u al an d  th e  freq u en cy  of flowrers is highest.

T he Index  o f  Generativity  (G) has i ts  th eo re tica l fo u n d a tio n  in th e  p la n t  c o m m u n ity  
liv ing  u n d e r favourab le  ecological con d itio n s. I t  is know n  th a t  these p la n t co m m u n itie s  are 
to  be ch arac te rised  by epharm ose  a n d  th e  h ighest rep ro d u c tiv ity  of th e ir  species. T herefo re , 
i t  m ay  well be surm ised th a t  th e  n u m erica l expression  of th e  g en era tiv ity  o f th e ir  p la n t  in ­
d iv id u a ls  a t  a given tim e, could  give g ro u n d  for th e  com parison  of d iffe ren t p o p u la tio n s  or 
h a b ita ts .  T h is p resu m p tio n  is verified  by P o s i ik u r l a t  (1971), according to  w h o m  th e  g en era ­
t iv i ty  o f A donis vernalis L. p o p u la tio n s in th e  E u ro p ean  te rr i to ry  of th e  S o v ie t U n ion  and 
S iberia  is d ifferen t.

In ou r p ap er using th e  tw o In d ex es we aim ed a t  th e  fu r th e r  s tu d y  of A d o n is  vernalis  L. 
p o p u la tio n s.

Material and Method

T he m orphological analyses o f A d o n is  vernalis L. popu lations were c a rried  o u t in 
1976 -7 7 . In  th e  course o f these in v es tig a tio n s  th e  n u m b er of generative  o rg an s (b u d , flower, 
f ru it)  an d  th a t  of the  shoots w ith o u t g en era tiv e  fo rm ula  (v egeta tive  shoots) was reco rd ed . The 
p la n t in d iv id u a ls  to be m easured  were se lec ted  a t  ran d o m .

To ch aracterise  th e  flow ering  and  g e n e ra tiv ity  o f th e  p lan ts , we used  th e  Indexes-V  
and  -G. T h ey  are calcu la ted  as follow s:

Index- V  -
b +  V +  t

6* A cta  B otanica A cadem iae Scientiarum  H u n g a rica e  2 5 , 1979
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Index-G  = ------- ------- 7----------- ;----- -------
num ber oj vegetative snoots

b n u m b e r  of buds; v — n u m b e r  o f  flowers; t =  n u m b e r o f f ru its  (in fru it-se ttin g ). 
F u r th e r  details on  th e  In d e x e s  are given by Má th é  (1977).

R esults and Evaluation

In  th e  course of ou r in v e s tig a tio n s  we were m a in ly  co n cern ed  w ith  the  flow ering  ch arac ­
te r is t ic  o f A donis vernalis L . p o p u la tio n s . For th is p u rp o se  w e stu d ied  th e  course of flow ering  
o f  a  p o p u la tio n  p lan ted  in to  o u r  experim en ta l field  a t  B u d a k a lász . In  th e  d iag ram  (F ig . 1) 
th e  p e rce n ta g e  d is tr ib u tio n  o f p la n t  ind iv iduals (w ith in  th e  sam p le ) are illu stra ted  on th e  basis 
o f  th e ir  In d e x -У values. As seen , o n  23. M arch, a lm ost tw o - th ird  o f th e  p lan ts were in  th e  phe- 
n o p h a se  o f budding and  o n ly  o n e - th ird  a t  the  beginning of m ass-flow ering . On 29. M arch, m ass 
f lo w e rin g  had  a lready s ta r te d  w ith  83 .3%  of the  p la n ts  in  th e  in te rv a l У =  —0.50 — —0.10 
a n d  re a c h e d  its  m axim um  p ro b a b ly  betw een  5. and 12. A p ril. As on 12. April 50%  of th e  sam ple 
w as b e tw een  V = 0.10 — 0.50, th is  surm ise seems to  be r ig h t.

To s tu d y  the c h a ra c te ris tic s  o f  Index-G , on th e  basis  o f  o u r in v estig a tio n s in  1976, we 
h a v e  d ra w n  the  curve of f re q u e n c y  d istrib u tio n  for In d e x -G  o f A d o n is  vernalis L. p la n t  in d i­
v id u a ls  from  different n a tiv e  H u n g a r ia n  populations. As seen  in  Fig. 1 th is is a rig h tw ard s 
s la n tin g  d istribu tion . I t  is c h a ra c te r is tic  for th is e m p irica l d is tr ib u tio n  th a t  61 .96%  of its 
v a lu e s  a re  located  w ith in  th e  in te rv a l  G = 0.15 — 0.50. T h e  m a jo r i ty  of p lan ts  have  a genera- 
t iv i t y  less or equal to  0.50.

U sing  the  Index-G  w e a n a ly se d  the  g en era tiv ity  o f tw o  p o p u la tio n s  p lan ted  in  th e  spring  
o f  1971 and  au tu m n  1974. I t  co u ld  be observed th a t  th e  p o p u la tio n  p lan ted  in 1971 w as m ore 
g e n e ra tiv e . This is e lu c id a ted  b y  th e  fa c t th a t am ong th e  p la n ts  o f th e  p o p u la tio n  p la n te d  in 
1974 th e  percentage of p la n ts  less  generative  th a n  G 1.0 is 29 .7% , while am ong  those  of 
th e  1974 p lan tin g  i t  is o n ly  1 6 .6 % . So, the  p la n t age (also t h a t  o f the  p lan ta tio n ) seem s to 
h a v e  a n  effect on the  p la n t g e n e ra tiv i ty .

In  Table 1 the  p e rce n ta g e  d is tr ib u tio n  of In d e x -У a n d  In d ex -G  values are i llu s tra te d , as 
m e a su re d  in a p o p u latio n  in  th e  v ic in ity  of Öskü. I t  c an  b e  seen th a t  65.2%  of th e  p lan ts  
h a v e  a  g en era tiv ity  less th a n  G =  1.0. This is p a r tly  v e rif ied  b y  ou r observations on th e  fre ­
q u e n c y  d is trib u tio n  of th e  In d e x -G  v a lu es (see Fig. 2). T he h ig h er values o f Index-G  go w ith  a

db

Fig. 1. F re q u e n cy  d is tr ib u tio n  of In d ex -G  v a lu e s  in H u n g ary  (1976)
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Table I

Flowering and G enerativity spectrum o f  an A donis vernalis L . population  based on the percentage 
distribution  o f  p lan t individuals ( Oskii, 14. A p r il 1977)

Phenophases according to the values of Index-V

Degree of gener­
ativity (G)

Sum of the 
phenophasesBudding

Mass flowering
Fruit setting

Beginning Flowering End

-  1 .0 -----0.51 0.5 0.1 0 0.1 0.5 0.51 1.0

___ ___ — — — 0 .0 -0 .2 5 ___

4.7 2.3 14.0 7.0 9.3 0.26 -0.50 37.3

2.3 10.5 4.7 10.5 — 0.51— 1.00 27.9

— 4.7 1.1 4.7 — 1.01 2.00 10.6

2.3 3.5 5.8 3.5 — 2 .0 1 -4 .0 0 15.1

1.1 1.1 5.8 — 1.1 4.01 9.1

10.4 22.1 31.4 25.7 10.4 100.0

n 86

decreasing  te n d e n cy  in  th e  values of frequency  percen tages. R e m a rk ab ly , p lan ts  m ore g en era tiv e  
th a n  G = 2.0 hav e  a re la tiv e ly  high frequency  (24 .2% ). W h en  an alysing  the  values o f In d ex -V  
i t  seem s consp icuous t h a t  31 .4%  of th e  en tire  p o p u la tio n  is in full-flowering. Since 3 6 .1 %  of 
I he p lan ts  are a lre ad y  beyond  flow ering  and  only 32 .5%  h as n o t reached th is p h en o p h ase , i t  
c an  he concluded t h a t  th e  p o p u la tio n  has a lready  o v e r-s tep p ed  the  phenophase of m ass-flow ­
ering.

By s tu d y in g  th e  In d e x -V  values as a fu n c tio n  o f g e n e ra tiv ity , we gained fu r th e r  d a ta  
on th e  flow ering d y n a m ic s  o f p lan ts  w ith  d ifferen t g e n e ra tiv ity . As seen, p lan ts  less g en era tiv e  
th a n  G - 0.51 are  m ain ly  beyond  flow ering (in fu ll-flow ering  14 .0% , a t  th e  end of flow ering  
7 .0% , in deflorescence 9 .3% ). As an  opposite  to  th is , p la n ts  o f th e  g en era tiv ity  be tw een  1.0 — 2.0 
are  also in fu ll-flow ering , those  of th e  in te rv a l 2.0 — 4.0 hav e  n o t  reached  th is p h en o p h ase , y e t. 
T h ere  is a s im ila rity  in  th e  case o f the  m ost g enera tive  p la n ts , to o . On th e  basis o f o u r o b se rv a ­
tio n s  i t  can be con clu d ed  th a t  p lan ts  of sm aller g e n e ra tiv ity  (G =  0.26 — 0.50) hav e  le f t  th e  
phenophase of flow ering  th e  m ost quickly.

W ith  th e  increase  o f g en e ra tiv ity  th e  p ro tra c tio n  of flow ering  can also be o b se rv ed . O ur 
d a ta ,  to  some e x te n t ,  c o n tra d ic t those  of P o sh k urlat  (1966), according to w hom , th e  m o st 
genera tive  p lan ts  b eg in  th e ir  g row th  a t  th e  earliest. R eferrin g  to  our d a ta , i t  seem s possib le 
th a t  a t  a given tim e  th e  flow ering  of these p lan ts  la s ts  longer. T herefore, i t  is possible t h a t  a t  
a g iven tim e, th e  flow ering  of p la n ts  w ith  sm aller g e n e ra tiv ity  is m ore advanced.

Three w eeks la te r , we analysed  an  o th er p o p u la tio n  s i tu a te d  in  th e  v ic in ity  o f B u d a k a ­
lász, on the  sam e princip les . The frequency  d is tr ib u tio n  cu rv e  o f Index-G  values m an ifes ted  
itse lf sim ilar to  t h a t  experienced  in  th e  p o p u la tio n  a t  Ö skü  (see F ig. 1). 44.3%  of th e  p la n t  
in d iv iduals o f th e  p o p u la tio n  can  be found  in  th e  in te rv a l be tw een  G 0.26 — 0.50. W hen  
considering th e  p rocess o f flow ering  as a function  of g e n e ra tiv ity  (T able 2) i t  can be estab lish ed  
th a t  68.2%  of th e  p o p u la tio n  is in th e  phenophase  of f ru i t- s e t t in g  and as a w hole 8 3 .0 %  is 
a lread y  beyond fu ll-flow ering . T he en tire  p o p u la tio n  is a lre ad y  in  th e  phenophase of f ru i t ­
se ttin g . As a c o n tra d ic tio n  to  th is , p lan ts  of th e  h ig h est g e n e ra tiv ity  (G =  2 .01—4.0) h a v e  no t 
reached  full-flow ering , ye t.
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c

C

A Budding
В Beginning of Mass Flowering 
C Mass Flowering 
D End of Mass Flowering 
E Deflorescence

F ig . 2. C hanging of p h en o p h ases accord ing  to  th e  In d ex -V  values (B u d ak a lász , 1976)

Table 2

F low ering and generativity spectrum  o f  an A donis vernalis L . population based on the percentage 
distribution o f  p la n t individuals (B u d a ka lá sz , 3. M ay 1977)

Phenophases according to the values of Index-V

Degree of gener­
ativity (G)

Sum of the 
phenophasesBudding

Mass-flowering
Fruit setting

Beginning Flowering End

- 1 . 0 — 0.51 0.5 0.1 0 0.1 0.5 0 .51-1 .0

— — 1.8 2.7 17.7 0.00—0.25 22.2

— 0.9 6.2 5.3 31.9 0.26—0.50 44.3

— 1.8 1.8 3.4 16.8 0.51— 1.00 23.8

— 1.8 — 3.4 0.9 1.01— 2.00 6.1

1.8 — 0.9 — 0.9 2.01—4.00 -3.6

1.8 4.5 10.7 14.8 68.2 100.0

n  =  113

A c ta  B o ta n ica  Academ iae S c ien tia ru m  H ungaricae 25 , 1979



F L O W E R IN G  AND G EN ERA TIV ITY  OF ADONIS VERNALIS L. 87

S u m m a ris in g  our observations i t  can be s ta te d  th a t  th e  In d e x -V  a n d  -G 
are su itab le  for th e  cha rac te r iza t io n  no t  only  of  p la n t  ind iv idua ls  b u t  also 
p o p u la t io n s  o f  A d o n is  vernalis L. T h e  cu rve  of frequency  d is t r ib u t io n  of 
In d ex -G  values of  p la n t  ind iv idua ls  from  d iffe ren t  n a t iv e  H u n g a r ia n  p o p u la ­
tions  differs from  t h a t  of th e  n o rm a l  f req u en cy  d is tr ibu tion . This r ig h tw a rd s  
s lan t in g  curve  can  be cha rac ter ised  b y  6 1 .96%  of its  values fa lling in to  th e  
in te rv a l  be tw een  G =  0.15— 0.50. W ith in  th e  popu la t ions  th e  d is t r ib u t io n  of 
p la n t  ind iv idua ls  is similar. The analyses  of  th e  flowering p h e n o p h a se  as a 
func tion  of  g en e ra t iv i ty  resulted  in the  conclusion t h a t  w ith in  a p o p u la t io n  th e  
process o f  f low ering of highly genera t ive  p la n ts  is p ro trac ted .
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DER ELEMENTGEHALT DER KRAL LIGEN VEGETATION 
DES QUERCETUM PETRAEAE-CERRIS-WALDES 

VON SÍKFŐKÚT*

Von

I . M É S Z Á R O S

LEHRSTUHL FÜR BOTANIK DER LAJOS-KOSSUTH-UNIVERSITÄT DEBRECEN

(E in g eg an g en : 1. O k tober 1978)

In  den  V eg eta tio n sp e rio d en  1974 u n d  1975 w urde de r N , P , K , Ca, Mg, Fe, Mn 
u n d  N a-G ehalt der k ra u tig e n  P flan zen  des S ík fo k ú ter Quercetum petraeae-cerris (N ord- 
U ngarn ) u n te rsu ch t. A n h a n d  de r m on atlich en  M essungen w urde  der E le m en tg eh a lt der 
P hy to m asse  u n d  dessen  V erte ilu n g  au f F ra k tio n e n  berech n et. Im  M itte l de r zwei­
jäh rig en  M essungen b e trä g t  de r m axim ale  E lem en tg eh a lt 17,07 k g /h a  u n d  dessen 
g rö ß ter Teil — m eh r als 5 0 %  — a k k u m u lie rt sich in den u n te rird isch en  P flan zen te ilen . 
Die Reihenfolge de r E le m en tak k u m u lie ru n g  in den P h y to in asse frak tio n en  is t  folgende:

oberird isch  lebend  K > N > P > C a >  Mg >  Fe >  M n >  N a

oberird isch  a b g es to rb en : N  >  К  >  Ca ^  Fe >  P >  Mg >  M n >  N a

u n te rird isch : N >  К  >  Ca >  Fe >  Mg >  P  ^  M n >  N a

Bei einem  V ergleich de r E lem en tv erte ilu n g  in den F ra k tio n e n  w u rd e  fe stg es te llt, 
daß  die B ed eu tu n g  de r o b erird isch en  lebenden P h y to m asse  fü r  die A k k u m u lie ru n g  der 
versch iedenen  E lem en te  in  de r R eihenfolge К , P , N , N a, Mg, Ca, M n, Fe ab n im m t, 
was im  G egensatz  zur u n te r ird isch e n  P hy to m asse  s te h t. Die jäh rlich e  E le m e n ta u f­
nahm e, die täg liche  N äh rs to ffzu n ah m e  bzw. der -V erlust de r F ra k tio n e n , sowie das 
A u s tau sch v erh ä ltn is  de r E lem en te  der k rau tig en  V eg eta tion  w u rd en  b e rec h n e t.

Einleitung

E ine A ufgabe der Ö k o sy stem fo rsch u n g  der W älder is t  die U n te rsu ch u n g  d e r K ra u t­
sch ich t als eines P rim ärp ro d u z en te n  des Ö kosystem s. Z ahlreiche V erfasser (N e s i i a t a j e w  e t  al. 
1966, R em eso w a  1971. R o d in  u n d  B a s il ew ic ii  1967) b e tonen , d aß  die K ra u ts c h ic h t  im 
biologischen K re is lau f de r E lem en te  eine besondere  Rolle sp ie lt, da  es sich h ierbe i um  die 
d y n am isch ste  E in h e it der W äld er h a n d e lt. Die Rolle der K ra u tsc h ic h t im  b io log ischen  K re is­
la u f  der E lem en te  w urde b e re its  in  zah lre ichen  b la ttab w erfe n d en  W a ld ty p e n  u n te rsu c h t 
( D u v ig n e a u d  1974. D u v ig n e a u d  e t  al. 1971, I gnat’ew a  1971, K o l e k  u n d  F u l a j t ä r  1970, 
O ving to n  1962. R em eso w a  1971, U l e h l o v á , K limo und  J akrlová  1975).

V orliegende A rb e it fa ß t E rgebn isse  von  U n tersu ch u n g en  des E le m en tg eh a lts  d e r K ra u t­
sch ich t eines Quercetum petraeae-cerris-W aldes einer H ü g e llan d sch aft in  der N äh e  v o n  Sikfo- 
k iit  zusam m en , die paralle l zu P h y to in asse n - und  P ro d u k tio n su n te rsu ch u n g e n  in d e n  V egeta­
tion sp erio d en  1974 u n d  1975 d u rc h g e fü h rt  w urden . Die H au p tz ie lse tzu n g en  k ö n n en  fo lgender­
m aß en  zusam m en g efaß t w erden:

V erfolgung des F le m en tg eh a lts  d e r k ra u tig en  P hy to m asse  (bzw . der M ineralom asse) und
der jah reszeitlich en  Ä nd eru n g  de r E lem en tm engen
sowie

* S ik fö k ü t-P ro jec t Nr. 41.
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— E rsc h ließ u n g  der q u a n t i ta t iv e n  V erhältn isse  de r in  de r P h y to m asse  a k k u m u lie rten  E le ­
m e n te  sowie der Rolle d e r  P h y to m asse n frak tio n en  fü r  die A k k u m u lie ru n g  v e rsch iedener 
E le m en te .

M ateria l  und M ethode

D ie U n tersuchungen  w u rd e n  in  S íkfokút (N o rd -U n g arn ) au f der Ö kosystein forschungs- 
M o d e llf lä ch e  des vom  L e h rs tu h l  fü r  B o tan ik  der L a jo s -K o ssu th -U n iv e rs itä t  D ebrecen geleite­
te n  »S íkfőkút-P ro jec t«  ( J a k u c s  1973) durchgeführt.

D ie  E lem en tgehalte  w u rd e n  in  der P hy to m asse  d e r fü n f  d o m in a n ten  k ra u tig e n  A rten  
des Quercetum  petraeae-cerris — P oa nemoralis, M elica  u n iflo ra , D actylis po lygam a , Carex 
m ic h e lii , Carex montana  — b e s t im m t.  Die P ro b e e n tn a h m e  e rfo lg te  in  be id en  U n te rsu ch u n g s­
ja h r e n  (1974, 1975) m o n a tlic h , w o b e i als Beginn de r V e g e ta tio n sp e rio d e  der M onat M ärz, als 
d e re n  E n d e  dagegen der N o v e m b e r  b e tra c h te t  w u rd e n  (P ro b e e n tn a h m e d a te n  s. T abelle  1). 
B ei P o a  nemoralis und  M elica  u n iflo ra  w urde die sog. M o n o lith m e th o d e , bei Carex m ontana , 
C arex m ichelii und D actylis p o lyg a m a  dagegen die sog. E in z e lp ro b e en tn ah m e  angew and t. 
D a b e i  a u f tre te n d e  Prob lem e u n d  b e i k ra u tig en  P flan zen  v e rw en d e te  P ro b een tn ah m em eth o d en  
w e rd e n  v o n  J akucs u n d  P a p p  (1974) ausführlich  d a rg e s te llt . D as m it H ilfe b e ider M ethoden 
g e sa m m e lte  P flan zen m a teria l w u rd e  in  oberird ische leb en d e , o b erird isch e  noch  steh en d e  aber 
b e re i ts  abgestorbene u n d  u n te r i rd is c h e  F rak tio n en  g e tre n n t. D ie T ren n u n g  v o n  ab g esto rbener 
u n d  m i t  d e r M utterpflanze n ic h t  m e h r  in  V erb indung  s te h e n d e r  k ra u tig e r  S tre u frak tio n  w ar im  
W a ld  n ic h t  zu lösen. E in e  U rs a c h e  d a fü r ist, daß  80 — 9 0 %  der o b e rird ischen  abgesto rbenen  
T eile  d es hau p tsäch lich  au s G rä se rn  b esteh en d en  U n te rw u ch ses  a b g e b a u t w erden  (nach  ih rem  
A b s te rb e n )  indem  sie noch  in  V e rb in d u n g  m it der P flan ze  b le iben . (So gelangen  diese in  die 
o b e r ird isc h e  noch stehende  a b e r  b e re i ts  abgestorbene F ra k tio n .)  D ie tro tz d e m  a u f  den B oden 
fa lle n d e n  abgestorbenen  S tre u te i le  v e rm ischen  sich d e ra r t ig  m it bo d en b ed eck en d em , dürrem  
L a u b  v o n  B äum en u n d  S trä u c h e rn ,  d aß  ihre T ren n u n g  m e th o d isc h  n ic h t zu  lösen  ist.

Z u r chem ischen A n a ly se  w u rd e n  die P flan zen p ro b en  p u lv e r is ie rt u n d  bei 85 °C ge tro ck ­
n e t.  D ie  B estim m ung des G e sa m t-N  u n d  G esam t-P -G eh a lts  erfo lg te  n ach  nassem  A ufschluß. 
D a s  e n ts ta n d e n e  A m m oniak  w u rd e  n ach  D estilla tion  in  2 % ig e r B o rsäu re  aufgefangen  u n d  m it 
0 ,01 n  H C l titr ie rt.

D er P -G ehalt w urde  k o lo rim e trisc h  nach de r M o ly b d än b lau -M eth o d e  m it A skorb in ­
sä u re  a ls  R ed u k tio n sm itte l b e s t im m t.  N ach  G lühen bei 500 °C u n d  ansch ließ en d em  A ufschluß 
m it  H C l : H N 0 3 : H 20  im  V e rh ä l tn is  1 : 1 : 8  erfo lg te die B estim m u n g  der E lem en te  K , C a, 
M g, F e , M n u n d  Na m it e inem  A to m a b so rp tio n ssp e k tro p h o to m e te r  des T y p s U N IC A M  S P  1900.

Ergebnisse

D ie zur chem ischen A n a ly se , die parallel zu  P h y to m assen m essu n g en  d u rc h g efü h rt 
w u rd e ,  ausgesuch ten  k ra u tig e n  P fla n z e n  sind an h an d  de r S tru k tu ra u fn a h m e n  ( P app  1978) 
d ie  f re q u e n te s te n  A rten  de r K ra u ts c h ic h t  des Quercetum petraeae-cerris, u n d  die Sum m e ih re r  
P h y to m a s s e n  (Tab. 1) ist w ä h re n d  der V egeta tionsperiode n u r  um  wenige P ro zen te  n iedriger 
a ls d ie  gesam te  k rau tige  P h y to m a s se . D eshalb is t es m öglich , den  E le m en tg eh a lt der P h y to ­
m asse  d e r  fü n f k rau tigen  A rte n  z u r  C harak terisie rung  de r K ra u tsc h ic h t des W aldes h e ra n z u ­
z ie h e n . D ie  jahreszeitliche V e rä n d e ru n g  der E le m en tk o n ze n tra tio n en  in  den versch iedenen  
F r a k t io n e n  der A rten w u rd e  b e re i ts  in einer f rü h e re n  V erö ffen tlich u n g  (M észáros  1977) 
v o rg e s te l l t ;  die B erechnung d e r in  d e r P hytom asse  a k k u m u lie r te n  E lem en tm en g en  erfolgte in  
K e n n tn is  d e r do rt m itg e te ilten  E rg eb n isse  sowie der P h y to m a sse  (T ab. 2 u n d  3).

D ie  jahreszeitliche V eränderung  der Phytomasse u n d  ihres Gesamtelementgehaltes

D ie  Phytom asse  u n d  d e re n  E lem en tg eh a lt bzw . die M ineralom asse  zeigen sehr ähnliche 
V e rä n d e ru n g e n  in den V e g e ta tio n sp e rio d en .
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Tabelle 1

Sum m e der P hytom assen (g /ha) von Poa nemoralis, M elica u n iflo ra , Dactylis polygam a , 
Carex m ichelii und  Carex montana (berechnet anhand der M essungen von M. P a p p )

Zeitpunkt der Probeent­
nahme

1974

Oberirdisch
Unterirdisch Gesamt

lebend abgestorben

13. I I I . 25 381,75 76 899,57 170 738,57 273 019,89

3. IV. 57 904,83 57 178,81 199 038,06 314 121,70

24. IV. 69 089,52 66  860,57 262 874,35 398 824,44

22. V. 96 649,30 66  291,09 218 130,06 381 070,45

26. VI. 138 485,42 56 819,93 261 354,34 456 659,69

31. V II. 143 674,80 47 516,52 238 542,84 429 734,16

6 . IX 166 664,42 85 816,93 239 635,60 492 116,95

2. X . 121 848,73 97 388,89 263 053,28 482 290,90

Zeitpunkt der Probeent­
nahme 

1975

Oberirdisch
Unterirdisch Gesamt

lebend abgestorben

13. I I I . 36 332,95 66  003,65 224 576,79 326 913,39

9. IV. 95 959,22 59 900,37 292 548,51 448 408,10

30. IV. 166 132,34 46 780,73 258 581,09 471 494,16

26. V. 173 703,10 70 720,85 306 348,71 550 772,66

18. VI. 218 694,75 67 416,36 295 441,37 581 552,48

11. V II. 179 738,38 43 658,33 320 853,83 544 250,54

12. V III . 167 135,71 55 777,89 314 945,75 537 859,35

17. IX . 167 728,32 70 430,65 238 337,33 476 496,30

22. X . 151 072,94 96 132,15 227 857,07 475 062,16

Im  F rü h ja h r  zu W ach stu in sb eg in n  s te ll t  die M ineralom asse, die 1974 8069 g /ha, 1975 
dagegen 11 052 g /ha  b e tru g , ebenso wie die P h y to m asse  (1974 273019 g /ha, 1975 326 913 g /ha) 
ledig lich  50 — 60%  des M ax im alw ertes dar, sp ä te r  e rh ö h en  sich beide u n d  erre ichen  im  Som m er 
den höchsten  W ert; bis zum  H e rb s t is t eine A bn ah m e festzu ste llen . Der m axim ale  E lem en tg e ­
h a lt  der P hy to m asse  w u rd e  in  beiden J a h re n  im J u n i  gem essen (1974 13 013 g /ha  u n d  1975 
21 121 g/ha). Im  Ja h re  1974 fielen die Z e itp u n k te  der M axim a von P h y to - u n d  M ineralom asse 
n ich t zusam m en; d as P h y to m asse n m a x im u m  w urde zwei M onate sp ä ter, im  S ep tem b er ge­
m essen. Im  M ittel der M essungen beider J a h re  b e tru g  de r m ax im ale  E lem en tg eh a lt der P h y to ­
m asse 17,07 k g /ha, de r E le m en tg eh a lt des P h y to m assen m ax im u m s dagegen 16,76 kg/ha.

W ie aus den T ab e llen  (T ab. 1. 2, 3) h e rv o rg eh t, b e steh en  zw ischen den F ra k tio n e n  be ­
d eu ten d e  U n te rsch iede. Die g rö ß te  A bw eichung in P h y to -  u n d  M ineralom asse is t fü r  die o b e rir­
dische lebende F ra k tio n  c h ara k te ris tisch ; die P h y to m asse  dieser F ra k tio n  m ac h t im zeitigen  
F rü h ja h r  lediglich 15 16% , ih re  M ineralom asse dagegen 20 30%  des m ax im alen  W ertes uas,
dem gegenüber weisen d ie u n terird isch en  P flan zen te ile , deren  P h y tom asse  n u r  30 -3 5 %  
b e trä g t, in der V eg e ta tio n sze it im E lem en tg eh a lt eine 35 - 4 0 %  ige F lu k tu a tio n  auf. Es m uß 
allerd ings bem erk t w erd en , d aß  das V erhältn is de r V erän d eru n g en  n ich t gleich is t, obw ohl 
die T endenzen  der P h y to m asse n - und E le m en tg eh a ltv e rän d e ru n g en  e in an d er sehr äh id ich  sind.
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A m  au ffä llig sten  ist diese E rsch e in u n g  bei der o b e rird ischen  lebenden  F rak tio n  in  der in ten siv en  
W ach stu m sp h ase , w enn die P h y to m asse n zu n a h m e  56 — 6 2% , die der M ineralom asse dagegen 
n u r  48 — 51%  au sm ach t. D as is t d a m it zu e rk lä ren , d aß  in  diesem  Z eitrau m  der G esam te lem en t­
g e b a lt  in  den oberird ischen  leb en d en  P flan zen te ilen  — h au p tsäch lich  w egen eines s ta rk en  
A b fa lls  de r N- u n d  K -K o n z e n tra tio n  (MÉSZÁROS 1977) — ab n im m t, was zw ar keine  Senkung 
d e r  M ineralom asse v e ru rsa c h t, w ohl aber die In te n s itä t  der Z unahm e v errin g ert.

Verteilung von Phytom asse und  ihrem  Elem entgehalt a u f  F raktionen

Die d u rch g efü h rten  P h y to m assen - u n d  E lem en tg eh a ltsb es tim m u n g en  b o ten  eine 
M öglicheit dafü r, A n tw o rt a u f  die F rage  zu e rh a lte n , ob ein U n tersch ied  in  de r V erte ilu n g  der 
P h y to m a sse  und  deren  E le m en tg eh a lt in  F ra k tio n e n  b e s teh t. D ie m ittle re  jäh rlich e  V erteilung  
d e r  F ra k tio n e n  w urde in  T abelle  4 zu sam m en g efaß t. Die fü r  zwei Ja h re  b e rech n ete  m ittle re  
p ro z e n tu a le  V erteilung  zeig t keine  große A bw eichung , es k a n n  ab er festg es te llt w erden , d aß  
d e r  A n te il der oberird ischen  leb en d en  P flan zen te ile  sow ohl an  P h y to m asse  als au ch  an  E le m en t­
g e h a lt  im  Ja h re  1975 h ö h e r w ar als 1974. D as is t m it  der w äh ren d  der V egeta tio n sp erio d e  ge­
fa llen e n  u n tersch ied lich en  N iedersch lagsm enge  zu  e rk lä ren , die 1974 471 m m , 1975 dagegen 
600 m m  b e tru g  (Nagy  1978).

A u f die o berird ischen  leb en d en  P flan zen te ile  e n tfä llt  in beiden J a h re n  ein höherer 
M ineralom assen - als P liy to m a sse n a n te il, w as im  G egensatz  zu den beiden an d eren  F ra k tio n e n  
s te h t .  Im  vom  D u rc h sc h n itt abw eichenden  P ro z e n ts a tz  is t dies doch fü r jeden  P ro b e e n tn a h m e ­
z e i tp u n k t  w ährend  der V eg eta tio n sp erio d en  gü ltig , d .h . die oberird ischen  leb en d en  Teile h aben  
e in e  g rö ß ere  B ed eu tu n g  fü r  die E le m e n ta k k u m u la tio n , als das a n h an d  der P h y to m assen v erte i-  
lu n g  zu  e rw arten  w äre.

D ie Bedeutung der P hytom assen f r  aktionén fü r  die A kku m u lie ru n g  
der untersuchten Elem ente

Die m ittle re  p ro zen tu a le  V erte ilung  de r G esam te lem en tm enge  au f F ra k tio n e n  u n te r ­
sc h e id e t sich in  hohem  M aße von  der m ittle re n  V erte ilu n g  der M ineralom asse (A bb. 1), lediglich 
die V e rte ilu n g  von N u n d  P  n ä h e r t  sich dieser am  besten . W egen der g rößeren  M asse der u n te r ­
ird is c h e n  Teile h ab en  diese fü r  die E le m en tak k u m u la tio n  eine größere B ed eu tu n g  als die a n ­
d e re n  beiden  F rak tio n en .

Die B edeu tung  der o b e rird ischen  leb en d en  P h y to m asse  fü r  die A k k u m u la tio n  v e rsch ie ­
d e n e r E lem en te  n im m t in  fo lgender R eihenfolge ab : K , P . N , N a, Mg, Ca, M n, Fe. D ie der 
u n te r ird isc h e n  P h y to m asse  is t  d ieser gerade en tg eg en g ese tz t. Die oberird ische lebende  P h y to ­
m asse  sp ie lt eine h e rv o rrag en d e  R olle fü r  die K -A k k u m u lieru n g , die sogar die N- u n d  P-A kku- 
m u la t io n  u m  ungefäh r das Z w eifache ü b e rs te ig t. Bei der u n terird isch en  P h y to m asse  m u ß  die 
h o h e  F e , M n und  C a-A kkum ulierung  erw ä h n t w erden , die w ahrschein lich  das E rg eb n is  schw a­
c h e r M obilis ierbarkeit is t. Ü b e r eine höhere  A k k u m u la tio n  v o n  K , N  u n d  P  d u rch  die o b erir­
d isch e  lebende P h y to m asse  b e r ic h te te n  a u ch  die K ra u tsc h ic h t an d ere r W aldgesellschaften  
u n te rsu ch e n d e  Forscher (D u v i g n e a u p  1974, D u v ig n e a u d  e t  al. 1971, I g na t’e w a  1971, 
R e m e s o w a  1971, R o d in  u n d  B a sil e w ic ii  1967).

D ie m ittle re  jäh rlich e  V erte ilu n g  w idersp iege lt die U n tersch iede  in  der E le m e n tv e rte i­
lu n g , d ie zu jedem  belieb igen  Z e itp u n k t der V egeta tio n sp erio d e  bestehen , w enn  au ch  die W erte  
a b  w eichen . Die u n te rird isch en  Teile spielen noch  im  F rü h ja h r  eine große Rolle in  de r K -A k k u ­
m u la tio n , zu diesem Z e itp u n k t b e finden  sich in  be id en  J a h re n  m eh r als 40%  des K -G eh a lts  in 
d en  u n te rird isch en  T eilen oder z .B . 90%  des F e  u n d  m eh r als 80%  Mn. Die g rö ß te  E le m e n t­
a k k u m u la tio n  der ob erird isch en  leb en d en  P h y to m asse  is t im  Som m er (M ai, Ju n i, Ju li)  zu

A d a  B otanica  A cadem iae S c ien lia ru m  H ungaricae 25 , 1979
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W L  1975
oberirdisch lebend

oberirdisch abgestorben

unterirdisch

Abb. 1. M ittle re  jäh rlich e  V erte ilu n g  (% ) d e r  E lem en te  in den F ra k tio n e n
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Tabelle 2

Elementmengen (g /ha ) in der Krautschicht nach Fraktionen und als Sum m e 1974

N P К Ca Mg Fe Mn Na Gesamt

13. März a 736,67 92,05 574,63 33,87 31,48 12,43 7,26 5,99 1 494,38
b 957,94 99,39 265,19 127,77 58,15 95,53 74,71 7,05 1 685,73
C 2 389,70 197,44 753,72 417,02 255,20 616,76 224,83 34,63 4 889,30

4 084,31 388,88 1 593,54 578,66 344,83 724,72 306,80 47,67 8 069,41

3. April a 1 396,32 146,53 1 189,53 69,09 80,50 14,65 9,00 9,59 2 915,21
b 1 286.13 82,98 300,75 116,70 50,70 37,64 36,31 6,28 1 917,49
C 3 329,07 223,90 980,88 473,94 284,79 555,16 238,37 46,28 6 132,39

6 011,52 453,41 2 471,16 659,81 415,99 607,45 283,68 62,15 10 965,09

24. April a 1 514,32 -143,06 1 392,49 79,61 89,74 13,18 10,73 10,27 3 253,40
b 1 021.55 95,02 388,87 129,61 66,58 38,51 56,97 5,29 1 802,40
C 3 975,87 356,71 1 080,60 691,55 387,43 836,62 488,57 55,02 7 872,37

6 511,74 594,79 2 861,96 900,77 543,75 888,31 556,27 70,58 12 928,17

22. Mai a 1 528,23 212,06 1 796,70 104,16 154,81 115,27 38,39 27,58 3 977,20
b 866,31 89,84 212,39 100,34 84,66 242,71 102,02 15,23 1 713,50
c 2 753,30 277,25 908,91 635,19 323,10 513,51 280,45 49,26 5 740,97

5 147,84 579,15 2 918,00 839,69 562,57 871,49 420,86 92,07 11 431,67

26. Ju n i a 1 778,44 258,97 2 423,32 187,29 123,84 36,98 27,85 27,26 4 863,95
l) 664,57 81,71 300,40 152,86 54,68 7 1,96 50,86 6,20 1 383,24
c 3 002,47 340,17 1 177,63 739,46 341,22 785,10 321,33 58,69 6 766,38

5 445,48 681,15 3 901,35 1 079,61 519,75 894,04 400,04 92,15 13 013,57

31. Ju li a 1 461,03 249,67 2 586,47 152,53 114,37 38,09 23,85 17,07 4 643,08
b 600,32 71,42 243,19 120,69 58,42 38,58 31,49 4,30 1 168,41
c 2 884,26 351,32 1 038,25 809,16 304,16 522,24 219,33 38,95 6 167,67

4 945,61 672,41 3 867,91 1 082,38 476,95 598,91 274,67 60,32 11 979,16
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6. Septem ber a 1 720,26 244,73 1 863,17 189,85 139,28 47,47 25,30 14,41 4 244,47
b 1 047,03 109,86 294,72 221,58 96,27 145,06 69,20 5,63 1 989,35
c 2 850,68 299,59 935,67 867,34 328,03 596,58 241,71 43,28 6 162,88

5 617,97 654,18 3 093,56 1 278,77 563,58 789,11 336,21 63,32 12 396,70

2. O ktober a 1 068,98 150,61 1 423,25 176,30 84,78 35,75 21,36 25,21 2 986,24
b 1 102,08 132,45 320,01 238,12 79,30 192,45 83,48 12,08 2159,97
c 2 396,18 267,69 981,83 931,06 359,68 645,63 302,50 50,66 5 935,23

4 567,24 550,75 2 725,09 1 345,48 523,76 873,96 407,34 87,95 11 081,44

a: oberirdische lebende Phy tom assen frak tion  
b: oberirdische abgestorbene P hytom assenfrak tion  
c: un terird ische Phytom assen frak tion
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Tabelle 3

Elementmengen (g/ha) in  der Krautschicht nach Fraktionen und als Sum m e - 1975

N P К Ca Mg Fe Mn Na Gesamt

13. März a 1 102,28 101,42 734.61 87,03 50,06 16,06 8,58 7,07 2 107,11
b 917,38 79,70 291,58 160.53 51,13 74,88 47,65 6,30 1 629,15
c 3 325,60 314,39 1 091,50 1 270,73 344,48 739,65 184,17 45,29 7 315,81

5 345,26 495,51 2 117,69 1 518,29 445,67 830,59 240,40 58,66 11 052,07

9. April a 2 180,78 255,39 1 483,44 180,01 140,62 37,70 19,27 9,20 4 306,41
b 669.79 65,89 216,31 168,60 56,05 84,45 54,68 6,23 1 322,00
C 4 223,85 313,53 1 225,02 1 543,86 411,35 698,33 368,65 67,10 8 851,69

7 074,42 634,81 2 924,77 1 892,47 608,02 820,48 442,60 82,53 14 480,10

30. April a 3 258,65 265,57 5 461,16 214,08 195,79 41,08 14,46 21.97 9 472,76
b 700,98 49,33 288,38 120,13 54,12 86,84 42,55 6,26 1 348,59
c 3 384,54 236,76 1 408,06 902,47 415,58 1 150,70 364,61 62,95 7 925,67

7 344,17 551,66 7 157,60 1 236,68 665,49 1 278,62 421,62 91,18 18 747,02

26. Mai a 2 598,78 295,87 4 096,73 237,67 191,70 96,61 32,46 22,12 7 571,88
b 823,17 60,38 387,04 123,77 95,04 256,47 86,97 9,01 1 841,85
c 3 472,06 332,87 1 583,29 910,44 413,72 1 120,62 458,60 60,59 8 352,19

6 894,01 689,06 6 067,06 1 271,88 700,46 1 473,70 578,03 91,72 17 765,92

18. Ju n i a 3 760,28 381,09 5 902,21 399,96 219,53 94,48 37,04 55,50 10 850,09
b 1 010,63 71,13 232,25 145,27 63,67 171,41 62,66 19,76 1 776,78
c 4 205,04 378,91 1 523,90 1 105,56 361,12 553,64 276,51 89,91 8 494,59

8 975,95 831,13 7 657,36 1 650,79 644,32 819,53 376,21 165,17 21 121,46

11. Ju li a 2 559,69 264,92 5 103,24 246,87 218,58 47,58 39,16 28,72 8 508,76
b 621,50 66.07 362,47 148,69 59,38 60,29 35,42 5,19 1 359,01
C 3 782,30 349,63 1 599,06 1 231,09 400,42 1 058,17 383,15 65,26 8 869,08

6 963,49 680,62 7 064,77 1 626,65 678,38 1 166,04 457,73 99,17 18 736,85
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- j  12. A ugust

17. Septem ber

22. O ktober

a 2 047,64 232,41 3 179,28
b 724,76 97,03 368,39
с 3 576,98 393,80 1 500,94

6 349,38 723,24 5 048,61

a 2 750,48 226,78 3 007,59
b 873,70 79,93 353,65
c 3 048,50 314,13 1 144,09

6 672,68 620,84 4 505,33

a 2 032,81 168,99 1 937,39
b 1 434,23 96,34 552,72
c 3 846,23 287,17 995,30

7 313,27 552,50 3 485,41

a: oberirdische lebende Phytom assen frak tion  
b : oberirdische abgestorbene Phytom assen frak tion  
c: un terird ische P hytom assenfrak tion

178,88 158,00 32,06 35,10 18,97 5 882,34
164,99 73,45 57,91 51,69 5,10 1 543,32

1 059,65 425,60 810,58 375,69 55,14 8 198,38
1 403,52 657,05 900,55 462,48 79,21 15 624,04

169,41 148,82 35,18 41,97 18,58 6 398,81
189,57 77,91 60,56 59,18 6,02 1 700,52
751,69 320,70 680,89 257,79 35,61 6 553,40

1 110,67 547,43 776,63 358,94 60,21 14 652,73

151,50 123,86 35,45 38,24 13,22 4 501,46
247,16 115,83 177,88 107,04 8,70 2 739,90
855,07 303,97 414,12 206,48 37,66 6 946,00

1 253,73 543,66 627,45 351,76 59,58 14 187,36
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Tabelle 4

M ittlere jährliche Verteilung  (% ) von Phyto- und M ineralom asse in den Fraktionen

Fraktion
1974 1975

Phytomasse
Mineralo­

masse Phytomasse
Mineralo­

masse

O berirdisch lebend 24,11 30.31 29,77 39,08

O berirdisch a b g es to rb en 17,78 15,40 14,49 10,89

U nterird isch 58,11 54,29 55,74 50,03

b e o b ac h te n , in  diesen M o n a ten  s in d  60 — 70%  des g esam ten  K , 30 — 40%  des gesam ten  N , 40 — 
4 5 %  des gesam ten  P , 17 — 20%  des gesam ten Ca, 30%  des gesam ten  Mg. 13%  des gesam ten  
F e , 10%  des gesam ten Mn u n d  30 — 40%  des gesam ten  N a in  de r oberird ischen lebenden  P h y to - 
m asse  an zu treffen .

W äh ren d  der V eg e ta tio n sp e rio d e  is t die N, P  u n d  C a-A kkum ula tion  der u n te rird isch en  
Teile am  gleichm äßigsten , w ä h ren d  die oberirdische leb en d e  P h y to m asse  in der A k k u m u la tio n  
v o n  M n, Fe u n d  Ca geringe F lu k tu a tio n  zeigt. D er p ro z en tu a le  A nteil der o berird ischen  a b ­
g esto rb en en  P hy to m asse  a n  der G esam te lem en tm enge  s te ig t am  E nde  der V egeta tionsperiode, 
d a n n  e rh ö h t  sich im  Falle  v o n  Ca, M n und  Fe, also schw er tran s lo z ie ren d er E lem en te  die B ed eu ­
tu n g  d ieser F ra k tio n  in  e inem  Solchen M aße, daß  sogar d ie de r oberird ischen leb en d en  P fla n ­
zen te ile  ü b e rtro ffen  w ird . So sind  18 — 19%  des G esam t-C a-G ehalts, 22 — 28%  des G esam t-F e- 
G eh a lts  u n d  20 — 30%  des G esam t-M n-G ehalts in den  ab g es to rb en en  oberird ischen  Teilen 
a n z u tre ffe n , w ährend  de r a u f  die oberird ischen  leb en d en  T eile  en tfa llende A nteil bei Ca 12 — 
15% , bei Fe 4 — 6%  u n d  bei M n 5 — 10%  ausm acht.

Im  G egensatz zu d en  d re i oben genann ten  E le m e n te n  is t bei den übrigen  E lem en ten  
au sseh ließ lich  s ta rk e  Z u n ah m e zu  beobachten , die a lle rd in g s den p ro zen tualen  A n te il der 
o b e rird isch en  lebenden  Teile n ic h t  erre ich t, was m it de r d u rc h  Physiologen b esch riebenen  
T ran s lo k a tio n se rsch e in u n g  in  Z u sam m en h an g  g e b rach t w e rd en  k an n  ( E p s t e i n  1972, M e n g e l  

1968, R a m a n i  und K a n n a n  1975).
N ic h t n u r die F ra k tio n s v e r tn i lu n g  der u n te r s u c h te n  E lem en te  is t u n tersch ied lich , 

so n d e rn  diese w erden v o n  den P h y to m asse n frak tio n en  in  abw eichender R eihenfolge u n d  
M enge a k k u m u lie rt. In  d en  d re i P h y to m asse n frak tio n en  g e s ta l te t  sich die A k k u m u la tio n s­
re ih en fo lg e  der E lem en te  fo lg en d erm aß en :

o b erid isch  lebend: K > N > P > C a >  Mg >  F e  >  M n >  Na

oberird isch  ab g es to rb en : N > K > C a ^ F e  > P >  M g >  Mn >  N a 

u n te rird isch : N  >  К  >  Ca >  F e  >  Mg >  P  $  Mn >  N a

Die k rau tig e  P h y to m asse  e n th ä l t  N u n d  К  in  der g rö ß te n  M enge (T abellen  2 u n d  3), 
de r G e h a lt an  den übrigen  M ak ro elem en ten  ist im  allgem einen  u m  eine G rößenordnung  kleiner. 
A m  w en ig sten  e n th ä lt  die k ra u tig e  Phy tom asse  N a; sein A n te il is t im  V ergleich zu  S tick s to ff 
u m  70 — 80 m al, m it К  verg lich en  40 — 50 m al niedriger. D er N a-G eh alt ist seihst im  V ergleich 
zu r M ikroelem entm enge n o ch  n ied rig ; im M ittel ein  Z eh n te l des Fe-G ehalts u n d  ein F ü n fte l 
bis S ech ste l des M n-G ehalts. D ie p ro zen tu a le  Z u sam m en setzu n g  der M ineralom asse, die zum  
Z e itp u n k t der k rau tig en  P h y to m asse n m a x im a  b e s tim m t w u rd e , g eh t nach F ra k tio n e n  u n d

A c ta  B o ta n ica  Academ iae S c ie n tia ru m  H ungaricae 25, 1979
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6. Septem ber 197Д
oberirdisch lebend oberirdisch abgestorben unterirdisch Gesamt

U7 UL.L7 g/ha 1989.35 g /h a 6162,88 y/ha  12396.70g/ha

oberirdisch lebend 

10850,09 g/ha

18 Juni 1975

oberirdisch abgestorben unterirdisch Gesamt

1776,78 g/ha 8Д94.59 g/ha 21121.Д6 g /ha

Abb. 2. E lem en tzu sam m en setzu n g  de r M ineralom asse (% ) zum  Z e itp u n k t de r P h y to m a sse n -
m ax im a

als Sum m e aus A bbildung 2 hervor. M ehr als 80%  des G esam te lem en tg eh alts  de r o b e rird isch en  
leb en d en  P h y to m asse  m achen К  u n d  N aus, der Fe- u n d  M n-G ehalt e rg ib t d ag eg en  n u r  2% . 
G egenüber der lebenden sink t die D o m inanz  der N- u n d  К -M engen in der a b g es to rb e n en  u n d  
u n te r ird isch e n  Phy tom asse  u n te r  7 0 % , der A nteil von Fe u n d  Mn e rh ö h t sich  a u f  fa s t  das 
Z eh n fach e , de r von Ca dagegen a u f  das D reifache. (Die bedeu ten d e  A bnahm e v o n  К  u n d  N in 
der u n te rird isch e n  P hy to m asse  k a n n  auch  m it m ethod ischen  P rob lem en Z u sam m en h än g en ; 
die A u sw aschung  der W urzeln m it W asser k a n n  näm lich  in  e rs te r Linie diese E le m e n te  b eein - 
llu ssen .)

D ie jährliche Produktion  und  E lem entaufnahm e der krautigen P fla n ze n

Die jah reszeitliche  U n te rsu ch u n g  von P h y to m asse  u n d  E lem en tgehalt e rm ö g lich te  eine 
S ch ä tzu n g  der P rim ärp ro d u k tio n  u n d  E le m en tau fh a h m e  der gesam ten  K ra u tsc h ic h t. D ie N P P  
der K ra u tsc h ic h t im  Quercetum petraeae-cerris w ird von P a pp  (1978) au sführlich  an g eg e b en , an  
d ieser Stelle soll lediglich b e m e rk t w erden , d aß  zur S ch ä tzu n g  der N P P -W erte  die a d d ie r te  
P h y to m asse  der fü n f A rten  in  der W eise verw en d e t w urde , d aß  bei der B e rech n u n g  d e r o b er­
ird isch en  P ro d u k tio n  dem  Z uw achs an  leb ender o b erird ischer Phy tom asse  w ä h ren d  d e r Vege­
ta tio n sp e rio d e  auch  das bis d a h in  gem essene W achstum  der oberird ischen  s te h e n d e n  a b g e s to r ­
b en en  F ra k tio n  zugerechnet w urde. Z ur S chätzung  der u n terird isch en  P ro d u k tio n  w u rd e n  die 
m ax im alen  u n d  m in im alen  u n te rird u sc h en  P h y to m assen u n te rsch ied e  v e rw en d e t. E s  w urde 
v e rsu ch t, die jäh rlich  au fgenom m enen  E lem en tm en g en  m it e iner der P ro d u k tio n sb e re c h n u n g  
äh n lichen  M ethode zu erfassen. T abelle  5 e n th ä lt  die ober- u n d  un terird isch en  P ro d u k tio n sw e rte  
sowie die jä h r lic h  aufgenom m enen E lem en tm en g en .

7* A cta  B olanica Academ itie Scien tiarum  H u n g a rica e  2 5 , 197 9
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Tabelle 5

Jahresproduktion u n d  E lem entaufnahm e in  der Kraulschichl

Produktion
N J P К

g/ha/

1974

O b erird isch 189 264,84 1369,96 178,96 2223,53

U n te rird isc h 92 314,71 1586,17 159,27 423,91

G e sa m t 281 579,55 2956,13 338,23 2647,44

1975

O b erird isch 206 301,91 2998,84 301,47 5338,33

U n te rird isc h 96 277,04 1175,35 157,04 603,76

G e sa m t 302 578,95 4174,19 458,51 5942,09

D ie jährliche N ährstoffzunahm e der oberirdischen Phytom asse betrug in 
b eiden  Jahren 75% des m axim alen  E lem entgehalts; im  Gegensatz dazu betrug 
die N ährstoffzunahm e der unterirdischen P h ytom asse  lediglich 44%  des M axi­
m u m s. Das zeigt, daß der Stoffwechsel der oberirdischen Phytom asse w esent­
lich  intensiver ist als der der unterirdischen, w as auch verständlich ist, geht 
d och  eine bedeutende W urzelphytom asse aus einer V egetationsperiode in die 
andere über. Der H a u p ta n te il der jährlich aufgenom m enen E lem entm enge  
w ird von К und N d argeste llt. Die jährliche Z unahm e der oberirdischen und 
unterirdischen P h ytom asse  unterscheidet sich besonders bei einem  Elem ent, 
b ei К  beträchtlich. D ie  jährliche K-Zunahm e der oberirdischen P hytom asse  
ü b ersteig t die unterird ische bedeutend, 1974 um  das Fünf- und 1975 um das 
N eunfache. Der jä h ilich e  Zuwachs an Ca, Fe und Mn (1974 auch der von N) 
is t  dagegen in der unterird ischen  Phytom asse größer.

Tägliche N ä h rs to ffzu n a h m e  bzw. -vertust der krautigen Phytom asse

D ie P hytom asse sow ie  im Falle der E lem en te  die tägliche G ew ichtszu­
n ah m e oder -alm ahm e zw ischen  den Probeentnahm en wurden in den Tab. 6 
u n d  7 zusam m engefaßt. D ie  Werte drücken eine gewisse »Produktionsge­
schwindigkeit« aus. D ie  Produktionsw erte der P hytom asse waren in beiden  
U ntersuchungsperioden im  Juni am höchsten  und parallel dazu verlief die 
N ährstoffixierung in  der krautigen Phytom asse. D iese bis zum Som m er anhal­
ten d e  intensive E lem entaufnahm e wurde aber in  beiden Jahren im Mai von 
N ährstoffverlust gestört, der 1974 — 53,43 g /h a /T ag  und 1975 — 37,72 g/ha/Tag  
b etru g. 1974 ist dieser V erlu st ein Ergebnis der A bnahm e des N ährstoffgehalts  
der unterirdischen P h y to m a sse , 1975 dagegen der oberirdischen lebenden P h y ­
to m a sse . 1974 war ein n egativer Produktionsw ert der P hytom asse auch mit 
N ährstoffverlust gepaart.

A c ta  B otanica Academ iae S c ie n tia r u m  Hungaricae 25, 1979
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(berechnet nach Daten der f ü n f  untersuchten A rten )

Ca ме Fe Mn Na Gesamt

Jahr

322,30 157,29 307,04 96,84 31,53 4 687,45

514,04 132,23 323,11 269,24 24,06 3 432,03

836,34 289,52 630,15 366,08 55,59 8 1 19,48

346,14 215,31 262,14 108,69 61,96 9 632,79

792,17 121,63 736,58 274,43 54,30 3 915,26

1138,31 336,94 998,72 383,03 116,26 13 548,05

Die sich auf das Jahr 1975 beziehenden W erte sind höher und w ider­
spiegeln auch im absoluten W ert stärkere Veränderungen als 1974. D ie höchste  
positive Phytom assenproduktion (4499,80 g/ha/Tag) wurde im  März 1975, die 
höchste N ährstoffixierung (203,20 g/ha/Tag) dagegen im gleichen Jahr, im  
April festgestellt. Es kann festgeste llt werden, daß eine N ährstoffixierung von  
100 g/ha/Tag nur im Frühjahr und zu Som m eranfang abläuft. E ine G ew ichts­
abnahm e anzeigende negative Produktionsw erte bzw. ein E lem entverlust der 
P hytom asse zeigen sich bereits ab Som m erende.

Tägliche Nährstoff Zunahme bzw. -Verlust der Phytomassen.fr aktionén

F ü r  beide Ja h re  zeigen der P ro d u k tio n sw e rt der F ra k tio n e n  sowie die d as M aß der im 
N ä h rs to ffh a u sh a lt  einsetzenden  V e rän d e ru n g en  a n d eu ten d e n  W erte  eine tie fg reifende  Ä nde­
ru n g  de r ob erird isch en  lebenden  u n d  u n te r ird isc h e n  Teile, im  G egensatz  zu d en  oberird ischen  
noch steh en d en  abgesto rbenen  P flan zen te ilen .

In der oberirdischen lebenden Phytom asse spielt sich die N äh rsto ffix ie­
rung bis Juni ab, was einen Z usam m enhang mit den positiven  Produktions­
werten zeigt. Die m axim ale N ährstoffzunahm e dieser Fraktion war im April 
1975 zu beobachten (246,02 g/ha/T ag), was die N ährstoffixierung desg leichen  
A bschnitts der V egetationsperiode 1974 15mal übertraft. Der zu Som m erende  
einsetzende E lem entverlust der Fraktion war ähnlich zur F ixierung auch 1975 
stärker als 1974. Im Jahre 1975 bew egte sich der N ährstoffverlust in dieser 
Fraktion zwischen — 54,21 und — 101,79 g/ha/Tag, 1974 dagegen nur zwischen  
— 6,32 und — 48,39 g/ha/Tag.

In der oberirdischen lebenden Phytom asse ist die F ixierung von К  und 
N am höchsten und lag 1975 über 50 g/ha/Tag, wogegen das M axim um  1974 
kaum  30 g/ha/Tag überschritt.

A d a  Botanica A cadem iae S c ien tia ru m  H ungaricae  25, 1979
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Produktionswerte der Phytomassenfr aktionén, tägliche N  ähr Stoff a u f  nähme bzw. -vertust — 1974

T ab e lle  6

Produktivität
g/ho/Tag

Gesamt

13. M ärz—3. April a +  1548,72 +  31,41 +  2,59 +  29,28 4" 1,68 +  2,34 +  0,11 0,08 + 0 ,1 7 _i_ 67,66
b — 939,08 +  15,63 - 0 ,7 8 +  1,69 — 0,53 - 0 ,3 5 -  2,76 — 1,83 0,04 -j- 11,03
c + 1347 ,59 +  44,73 +  1,26 +  10,82 + 2,71 +  1,41 -  2,93 + 0,64 + 0 ,5 6 + 59,20

+  1957,23 +  91,77 +  3,07 +  41,79 + 3,86 + 3 ,4 0 -  5,58 1,11 + 0 ,6 9 137,89

3. A pril—24. April a +  532,60 +  5,62 - 0 ,1 7 +  9,67 0,50 +  0,44 -  0,07 0,08 + 0 ,0 3 -f- 16,10
b +  461,04 12,60 +  0,57 +  4,20 -j- 0,61 + 0 ,7 6 +  0,04 + 0,98 0,05 — 5,49
c +  3039,82 +  30,80 +  6,32 +  4,75 + 10.36 + 4 ,8 9 +  13,40 + 11,91 + 0 ,4 2 + 82,85

+  4033,46 +  23,82 +  6,72 +  18,62 +  11,47 +  6,09 +  13,37 12,97 +  0,40 -L 93,46

24. April - 22. Mai a +  984,28 +  0,50 +  2,46 +  14,44 + 0,88 +  2,32 +  3,65 0,99 +  0,62 + 25,86
b — 20,34 5,54 0,19 6,30 — 1,05 0.65 +  7,29 -f 1,61 +  0,36 3,17
c — 1598,01 -  43,66 -  2,84 6,13 — 2,01 - 2 ,3 0 — 11,54 — 7,43 0,21 — 76,12

-  634,07 -  48,68 -  0,47 +  2,54 — 2,15 +  0,87 -  0,47 - 5,61 +  0,79 — 53,43

22. Mai — 26. Ju n i a +  1195,32 -  7,15 +  1,34 +  17,90 + 2,38 0,89 — 2,24 _ 0,30 0,01 + 25,33
ij - 270,61 5,76 - 0 ,2 3 +  2,52 1,50 0,86 4.88 — 1,46 0,26 9,43
c +  1234,98 +  7,12 +  1,81 +  7,68 + 2,98 +  0,52 +  7,76 + 1,17 + 0 ,2 7 + 29,31

+  2159,69 +  8,51 +  2,92 +  28,10 6,86 1,23 +  0,64 - 0,59 0 , 0 0 + 45,21

26. J u n i— 31. Ju li a +  148,27 9.07 - 0 .2 7 +  4,66 _ 0.99 0,27 +  0,03 0,12 - 0 ,2 9 6,32
b -  265,81 1,84 — 0,29 -  1,64 — 0,92 + 0 ,1 1 0,95 0,55 - 0 ,0 5 — 6,13
c 651,76 -  3,38 + 0 ,3 1 -  3,98 + 1 99 - 1 ,0 6 7,51 — 2,91 - 0 ,5 6 — 17,10

769,30 14,29 - 0 ,2 5 0,96 + 0,08 1,22 -  8,43 - 3,58 - 0 ,9 0 — 29,55

31. J u l i—6 . Septem ber a +  621,34 +  7,01 - 0 .1 3 - 1 9 ,5 5 + 1,01 +  0,67 +  0,25 + 0,04 - 0 ,0 7 _ 10,77
b +  1035,15 +  12 07 +  1.04 +  1,39 + 2,73 + 1 ,0 2 +  2,88 + 1,02 +  0,04 -f- 22,19
C +  29,53 - 0,91 - 1 ,4 0 2,77 + 1,57 +  0,65 +  2,01 0,61 +  0,12 — 0,12

+  1686,02 +  18,17 0,49 -2 0 ,9 3 + 5,31 +  2.34 +  5,14 1,67 +  0,09 + 11,30

6 . Sep tem ber— 2. O ktober a -  1723,68 25,05 - 3 ,6 2 16,92 0,52 — 2,10 - 0,45 0,15 +  0,42 48,39
b +  445,08 +  2,12 4  0,87 +  0.97 0,64 -  0,65 +  1,82 0,55 +  0,25 6 57
C +  900,68 17,48 - 1 ,2 3 +  1,78 + 2,45 +  1,22 +  1,89 2,34 +  0,28 — 8,75

-  377,92 -4 0 ,4 1 3,98 14,17 + 2,57 1,53 +  3,26 2,74 +  0,95 50,57

a: oberirdische lebende F rak tio n  b: oberirdische stehende, abgestorbene F rak tio n  c: un terird ische F rak tio n
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Produktionswerte der Phytomassenfraktionen , tägliche N ähr S t o f f  a u f  nähme bzw. -Verlust — 1975

T ab e lle  7

Produktivität
N P К Ca Mg Fe Mn Na

Gesamt
g/ha/Tag

13. M ärz—9. April a +  2208,38 +  39,94 +  5,70 : 27,73 +  3,44 +  3,35 -F 0,80 +  0,39 +  0,08 +  81,43
b — 226,05 — 9,17 - 0 ,5 1 — 2,79 +  0,30 + 0 ,1 8 +  0,35 + 0 ,2 6 +  0,10 -  11.37
C +  2517,47 +  33,27 — 0,03 + 4,95 +  10,12 +  2 48 1,53 + 6 ,3 8 +  0,81 +  56,90

+  4499,80 +  64,04 +  5,16 + 29,89 +  13,86 + 6,01 -  0,38 + 7 ,4 8 +  0.90 +  126,96
9. A pril—30. April a + 3341,58 +  51,33 +  0,49 189,42 +  1,62 +  2,63 +  0,16 — 0,24 +  0,61 -^246,02

b -  624,74 +  1,49 - 0 ,7 9 + 3,43 -  2,31 - 0 .0 9 +  0,11 — 0,58 - r 0,01 +  1,27
c -1 6 1 7 ,5 0 - 3 9 ,9 7 - 3 ,6 6 + 8,72 — 30,54 +  0,20 +  21,54 - 0 .1 9 — 0,19 -  44,09

+  1099,34 +  12,85 - 3 ,9 6 201,57 - 3 1 ,2 3 +  2,74 +  21,81 - 1,01 + 0 ,4 3 +  203,20
30. A pril—26. Mai a +  291,18 - 2 5 ,3 8 +  1,16 — 52,48 -  0,91 -0 .1 6 +  2,14 + 0 ,6 9 +  0,01 -  73,11

b +  920,77 +  4,70 +  0,43 -f- 3,79 +  0.14 +  1,57 +  6,52 +  1,71 +  0.11 +  18,97
c +  1837,22 +  3,37 +  3,70 + 6,74 +  0,31 — 0,07 -  1,16 + 3 ,6 2 - 0 ,0 9 +  16,42

+  3049,17 - 1 7 ,3 1 +  5,29 — 41,95 +  1,36 +  1,34 +  7,50 +  6,02 +  0,03 -  37,72
26. M ai— 18. Ju n i a +  1965,16 +  50,50 +  3,71 -1- 78,50 +  7,06 +  1,21 — 0,09 +  0,20 +  1,45 +  142,54

b -  143,67 +  8,15 +  0,47 — 6,73 +  0,94 — 1,36 — 3,70 - 1 ,0 6 +  0,47 -  2.82
c -  474,23 +  31,87 +  2,00 — 2,58 +  8,48 — 2,29 — 24,65 - 7 ,9 2 +  1,27 +  6,18

+  1338,26 +  90,52 +  6,18 + 69,19 +  16,48 — 2,44 — 28,44 - 8 ,7 8 +  3,19 +  145,90
18. J u n i—11. Ju li a -1 6 9 3 ,7 6 — 52,20 — 5,05 — 34,74 — 6,65 — 0,04 -  2,04 +  0,09 -  1,16 -1 0 1 ,7 9

b — 1032,96 - 1 6 ,9 2 - 0,22 -j- 5,66 +  0,15 — 0.19 -  4,83 - 1 ,1 8 - 0 ,6 3 -  18,16
c +  1104,89 — 18,38 - 1 ,2 7 4- 3,27 +  5,46 +  1,71 +  21,94 + 4 ,6 4 - 1 ,0 7 +  16,30

— 1621,83 — 87,50 — 6,54 — 25,81 — 1,04 +  1,48 +  15,07 + 3 ,55 - 2,86 - 1 0 3 ,6 5
11. J u l i— 12. A ugust a -  393,83 — 16,00 - 1,02 — 60,12 — 2,12 - 1 ,8 9 0,50 -0 ,1 3 - 0 ,3 2 — 82,10

b +  378,74 +  3,23 + 0 ,9 7 + 0,19 +  0,51 +  0,44 0,07 0.51 - 0,01 +  5,77
C -  184,63 -  6,42 +  1,38 3,07 — 5,36 + 0 ,7 9 — 7,74 - 0 ,2 3 - 0 ,3 2 -  20,97

- 199,72 19,19 +  1,33 — 63,00 — 6,97 - 0,66 8,31 + 0 ,1 5 — 0,65 -  97,30
12. A ugust— 17. Septem ber a +  16,46 +  19,52 - 0 ,1 6 — 4,77 — 0,27 - 0 ,2 6 +  0,09 + 0 ,1 9 — 0,01 +  14,33

b +  407,02 +  4,14 - 0 ,4 8 — 0,41 +  0,68 +  0,12 +  0,07 +  0,21 + 0 ,0 3 +  4,36
c -2 1 2 8 ,0 0 — 14,68 - 2,21 — 9,91 -  8,55 - 2 ,9 1 -  3,60 - 3 ,2 5 — 0,54 -  45,65

-1 7 0 4 ,5 2 +  9,54 - 2 ,8 5 — 15,09 - 8,14 - 3 ,0 5 -  3,44 - 2 ,8 1 - 0 ,5 2 26,96
17. S ep tem ber—22. O ktober a -  475,87 — 20,51 — 1,65 — 30,58 -  0,51 - 0 ,7 1 +  0,01 - 0,11 - 0 ,1 5 -  54.21

b +  734,33 +  16,02 +  0,47 5,69 +  1,65 +  1,08 +  3,35 +  1,37 +  0,08 +  29,71
C -  299,44 +  22,79 - 0 ,7 7 — 4,25 +  2,95 - 0 ,4 9 — 7,62 - 1 ,4 7 + 0 ,0 6 +  11,20

+  40,98 +  18,30 - 1 ,9 5 — 29,14 +  4,09 0,12 — 4,26 - 0,21 — 0,01 — 13,30

a: oberirdische lebende F rak tio n  b: oberirdische stehende, abgestorbene F rak tio n  c: un terird ische F rak tio n
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A ustauschverhältn is der Elemente (% )

T abelle  8

Fraktion N p к Ca
_____

Mg Fe Mn Na
Phyto-
masse

1974

O b erird isch  lebend 58,6 64,5 77,8 82,2 79,6 89,2 81,1 78,3 84,8

O b erird isch  abgestorben 53,3 46,1 45,4 57,8 47,3 84,5 69,1 65,3 51,2

U n te rird isc h 39,9 44,7 35,9 55,2 34,1 40,2 55,0 41,0 35,1

1975

O b erird isch  lebend 70,7 73,4 87,6 78,2 72,2 83,4 79,5 87,3 83,4

O b erird isch  abgestorben 56,7 49,2 60,9 51,4 55,9 77,4 66,9 74,2 54,6

U n te r ird isc h 27,8 39,9 37,8 51,3 28,6 64,0 59,4 60,4 30,0

D e r A pril des J a h re s  1975 soll hervo rgehoben  w erden , da eine so s ta rk e  
K -F ix ie ru n g  s ta ttfa n d  (189,42 g /ha/T ag), d aß  diese die G esam te lem en tau f­
n a h m e  d e r  k rau tig en  P f la n z e n  zu jed em  belieb igen  Z e itp u n k t b e id e r U n te r ­
su ch u n g sp e rio d en  ü b e r tr if f t  w ird . In  den o b erird ischen  lebenden  Teilen  v e rh ä lt 
sich  d ie  Z u n ah m e von  P , Ca u n d  Mg ähn lich  u n d  zw ischen den in den  beid en  
J a h r e n  gem essenen W e rte n  b e s te h e n  keine so g roßen  U n tersch iede  wie bei N 
u n d  K . D ie F ix ierung  v o n  P , Ca u n d  Mg d ieser F ra k tio n  bew egte sich zw ischen 
1 u n d  5 g /ha/T ag . E tw as  n ie d rig e r  is t die Fe- u n d  M n-F ix ie rung  u n d  e rre ich t 
m e is t n ic h t  den W ert von  1 g /h a /T ag . D ie Z u n ah m e is t bei N a am  n ied rig s ten  
u n d  la g  in  beiden U n te rsu c h u n g s ja h re n  zum eist u n te r  0,6 g /ha/T ag.

Im  F alle  der u n te r ird isc h e n  F ra k tio n  k o n n te n  ähn lich  der leb en d en  eb en ­
falls im  F rü h ja h r  die h ö c h s te n  positiv en  P ro d u k tio n sw e rte  sowie die h ö ch ste  
N ä h rs to ff ix ie ru n g  b e o b a c h te t w erd en . 1974 k o n n te  die höchste  täg lich e  P h y to -  
m assen - bzw . N ä h rs to ffz u n a h m e  im  A pril, 1975 dagegen  im  M ärz nachgew iesen  
w e rd e n . 1974 b e tru g  die P ro d u k tio n  J-3039,82 g /h a /T ag , die N äh rs to ff ix ie ru n g  
82,85 g /h a /T ag , 1975 dagegen  d ie  P ro d u k tio n  -|-2517,47 g /ha/T ag  u n d  die tä g ­
liche  N äh rs to ffzu n ah m e  56,90 g /ha.

Z u m  N ährsto ffverlust der unterirdischen Phytotnasse  k o m m t es h a u p ts ä c h ­
lich  gegen  Som m erende u n d  im  H erb st, so k o n n te  zu den g e n a n n te n  Z e it­
p u n k te n  z. B. 1974 ein m a x im a le r  E le m e n tv e rlu s t von  — 17,10 g /h a /T ag  und  
1975 v o n  — 45,65 g /h a /T ag  fe s tg e s te llt  w erden . In  d e r u n te rird isch en  P h y to -  
m asse  w a r  die N -F ix ie ru n g  w ä h re n d  der V eg e ta tio n sp erio d e  am  h ö ch sten  u n d  
die N -Z u n ah m e  erre ich te  z u m e is t die der o b erird ischen  lebenden .

D ie  P ro d u k tio n sw erte  d e r  abgesto rb en en  o b erird ischen  F ra k tio n  sowie 
die W e r te , die die im  N ä h rs to ffg e h a lt e in se tzenden  täg lich en  V erän d eru n g en  
an ze ig en , sind  im  G egensatz  zu  den v o ran g eg an g en en  beiden  F ra k tio n e n  zu 
B eg in n  d e r W ach stu m sp h ase  n e g a tiv , zu E n d e  des Som m ers und  im  H e rb s t
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dagegen  po sitiv , d a m it anzeigend , daß  im  F r ü h ja h r  die noch s teh en d en  ab g e­
s to rb en en  Teile a u f  den  B oden  gelang ten  u n d  im  H e rb s t in tensive  A b s te rb e ­
prozesse d er oberird ischen  lebenden  Teile e in se tzen .

W ie e rw äh n t w u rd e , sind  im V ergleich zu  den  oberird ischen  leb en d en  
u n d  u n te rird isch en  F ra k tio n e n  fü r  die o b erird isch en  abgesto rbenen  T eile  ge­
ringere  V erän d eru n g en  w äh ren d  der V eg e ta tio n sp erio d e  ch a ra k te ris tisch . B ei 
d ieser F ra k tio n  w urden  au ch  im  abso lu ten  W e rt 1000 g /ha/T ag  ü b e rsch re iten d e  
V erän d e ru n g  zeigende E rg eb n isse  n u r in zwei F ä lle n  gefunden , im  A u g u s t 1974 
(-(-1035,15 g /ha/T ag), w as zu  einem  P h y to m a sse n m a x im u m  A nfang  O k to b e r 
fü h rte  und  im  Ju n i  1975 (— 1032,96 g /ha/T ag), w as w iederum  das J a h re s m in i­
m um  von  o berird ischer ab g esto rb en er P h y to m a sse  zum  E rgebnis h a t te .  D ie 
W erte  fü r  N äh rs to ffau fn ah m e  bzw . -v e rlu st d e r  F ra k tio n  sind m eist u m  eine 
G rö ß en o rd n u n g  n ied rig er als die fü r die be iden  vo rangegangenen  F ra k tio n e n  
ch a ra k te ris tisch e n  W erte . E in  V ergleich der tä g lic h e n  E lem en tzu n ah m e in  der 
o b erird ischen  ab g esto rb en en  P h y to m asse  e r la u b t d ie  F estste llung , d aß  in  d ie ­
sem  F alle  kein  E lem en t eine besonders au ffa llen d e  R olle sp ielt, allein  die tä g ­
liche N -Z unahm e ü b e rs te ig t die üb rigen  E lem en te .

A ustauschverhältn is und -zeit der Elemente

(Iber den N ä h rs to ffh au sh a lt der P h y to m a sse n fra k tio n e n  is t bei U n te rsu ch u n g  des 
A u s tau sch v erh ä ltn isses  ( tu rn o v e r  ra te )  der v e rsch iedenen  E lem en te  (Collier  e t  al. 1973, 
P r é c s é n y i  1972) ein  a n n äh e rn d es  B ild  zu gew innen.

F ü r  die V eg eta tio n sp erio d en  1974 und  1975 w ird d as  A u s tau sch v erh ä ltn is  d e r E lem en te  
in P ro zen t nach  F ra k tio n e n  u n te r  A ngabe der tu rn o v e r  r a te  in  T ab . 8 angegeben. In  beiden  
Ja h re n  n ah m en  die fü r  die P h y to m asse  u n d  die E lem en te  b e rech n e ten  A u s tau sch v erh ä ltn isse  
in  der R eihenfolge oberird isch  leb en d , oberird isch  a b g es to rb en  u n d  u n terird isch  ab  u n d  e rre ich ­
ten  n ich t 100% , was au ch  v e rs tän d lich  ist, denn  diese k ra u tig e n  Pflanzen  ü b e rn eh m en  als 
M ehrjährige  b ed eu ten d e  M engen P h y to m asse  u n d  g leichze itig  d a m it E lem ente  in  die n ä ch s te  
V egeta tionsperiode. Bei den  ob erird isch en  abgesto rbenen  T e ilen  is t dies auch zu b e o b ac h te n , 
oberird ischen  abg esto rb en en  T eilen is t dies auch zu b e o b a c h te n , n ich t nu r bei den  leb e n d en  
T eilen, weil die ab g esto rb en en  P flan zen te ile  lange Z eit s teh en b le ib en  und  nur a llm äh lich  au f 
den B oden gelangen.

In  den oberird ischen  lebenden  Teilen is t d as  A u stau sch v e rh ä ltn is  eines 
jed en  E lem en ts  höher als 50 %  und  k a n n  sogar 9 0 %  erreichen. D as fü r  die 
P h y to m asse  e rh a lten e  A u stau sch v e rh ä ltn is  w ird  n u r  von einigen E le m e n te n  
ü b e rtro ffen  wie z. B. in be iden  Ja h re n  von Fe (89,2 bzw. 83,4% ), 1975 v o n  К  
(87 ,6% ) und  N a (87 ,3% ). U n te r  den E lem en ten  s in d  N und P  h e rv o rzu h eb en , 
deren  A u s ta u sc h v e rh ä ltn is  am  n ied rig sten  is t, be i N  z. B. 1974 5 8 ,6 % , 1975 
70 ,7% . D ie fü r  beide J a h re  b e rech n e ten  tu rn o v e r  ra te s  w eichen bei N , К ,  P  
und  N a s tä rk e r  v o n e in an d e r ab ; die W erte  des J a h r e s  1975 sind um  10%  h ö h er.

In  den u n te rird isch en  Teilen w urde fü r  N , К  und  Mg ein n ied riges 
tu rn o v e r-V erh ä ltn is  (u n te r  40% ) e rh a lten , b e so n d e rs  hoch ist beispielsw eise
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d a s  A u s ta u sc h v e rh ä ltn is  v o n  Ca u n d  Fe, so das von  Ca 1974 5 5 ,2 % , 1975 das 
v o n  F e  64 ,00% . N iedriger a ls das A u s ta u sc h v e rh ä ltn is  der P h y to m a sse  (35,1 
b zw . 3 0 ,0 % ) w ar 1974 led ig lich  das von Mg (28 ,6% ) und  N (27 ,8% ).

I n  den  oberird ischen  ab g esto rb en en  T eilen  schw an k t das A u s ta u sc h v e r­
h ä l tn is  d e r E lem ente zw ischen  45 und  8 5 % . In  beiden J a h re n  w u rd e  das 
h ö c h s te  A u s tau sch v e rh ä ltn is  bei Fe fe s tg es te llt (84,5 bzw. 77 ,4% ). N ied riger 
als d a s  A u stau sch v e rh ä ltn is  d e r P h y to m asse  (55,2 bzw. 54,6% ) w a r  1974 das 
v o n  P , M g und  K , 1975 led ig lich  das von P .
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BRYOPHYTES DE SRI LANKA (CEYLAN) III 
COLOLEJEUNEA CEYLANICA ONR.

ET COLOLEJEUNEA HINIDUMAE ONR., 
ESPECES NOUVELLES

P a r

M. O n r a e d t

INSTITUT ST. BERTHUIN, 5730 MALONNE, BELGIQUE 

(A rrivée le 19 sep tem b re  1978)

C o n tin u an t l’in v en ta ire  des H é p a tiq u e s  réco ltées dans l ’île de C ey lan , l ’A u teu r 
a reco n n u  deu x  Cololejeunea p a ra is s a n t n o u v eau  p o u r la science: Cololejeunea ceylanica 
O nr. e t  Cololejeunea h in idum ae  O nr.

Cololejeunea cey lan ica  O n ra e d t sp . nov. (Fig. 1)

P la n ta  in ag n itu d in e  m edia , n iten s, foliicola, su b s tra to  subappressa . C aulis p a llid u s , cca 
61 75 /a n  c rassus, ad 2 cm longus, cum  foliis cca 1890 //m  la tu s , irreg u larite r p e n n a tis ,  sectione
tra n sv e rsa li  ex  5 cellulis co rticalibus e t  1 m ed u lla ri e x s tru c tu s  e t rh izo id ibus p a llid is  fascicula- 
tis  ap ice fu rca tis  affixus. Folia cau lin a  co n tig u a , d ecu rv a to -d is tich a , oblicjue p a tu la  dorso 
cau lem  te g e n tia , subellip tica, basi ang u stiss im e  in se r ta , apice su b ro tu n d a ta ;  m arg ó  dorsalis 
e basi a rc u a tis  irreg u larite rq u e  d e n ta tis , v e n tra lis  u n d u la tis ; 680 700 /a n  longa, cca  432 fini
la ta . Cellulae chlorophyllosae, hexagonae, ap icales 22 X l7 , m ed ianae  37 x 2 8  //m , b a sa le s  m ulto  
longiores cca 50 X 22 fim  m etien tes; u b iq u e  p a r ie tib u s  aeq u a lite r incrassatis , t r ig o n is  m in u tis , 
c u ticu la  laev i. Ocelli nulli. L obulus m aiu scu lu s, e llip ticus, folio su b trip lo  b rev io r, 700 fini lon­
gus e t  430 fin i  la tu s , brevissim o in se rtu s , basi lev ite r  in fla tu s ; carina lev ite r a r c u a ta  in  p a rte  
superio re  d e n ta ta .  apice tru n ca tu s , oblique e m a rg in a tu s  b id en ta tu s , den te  an g u la ri u n ice llu la ri, 
m ed iano  b ice llu lari, pap illa  basali n o ta ta . S ty lu s  in basi lobuli hyalinus filifo rm is , ex  5 —6 
cellulis in u n a  sérié dispositis, ad 155 fim  longus. G em m ae bau d  num erosae, re g u la r ite r  disci- 
fo rm ae , in s ta tu  24 cellulari os 72 fini in d iam e tro . p a r te  m ediana 4 cellulari. A n d ro ec ia  non 
visa. G ynoecia  in ra in is  la te ra lib u s b rev ib u s u n o  la te re  in n o v a ta ; folia in v o lu cra lia  p e ria n th iis  
su b d u p lo  b rev io ra , oblonga, apice lev ite r a n g u s ta ta  e t irreg u larite r d e n ta ta , lo b u lo  sim ili ad 
m ed iu m  so lu to  subdup lo  m inore. P e r ia n th ia  e basi an g u s ta  la te  obco rd a ta , folia  c au lin a  vix 
su p e ra n tia , cca 810 fim  longa ad 570 fim  la ta ,  com pressa , 4 -p licata  plicis p o stic is  d e n ta t is  in 
u n a m  la ta m  co n fluen tibus, la te ra lib u s  a cu te  c a rin a tis , a m b itu  ro tu n d a tis  d u p lic ite r  d e n ta tis , 
ro s tro  v a lide . C apsula e la teribus asp iris p a r ie tib u s  incrassa tis  e t sporis in te n se  pap illa tis .

Sri L a n k a : Galle d is tr ic t, H in id u m a , K an n e liy a  F o rest R ese rv e , fo rê t 
dense, o m b ro p h ile , a it. ca 150 m, le 16 ao û t 1977, coll. Onraedt N o. 77 .L .4191 
(H o lo ty p u s  in H b . Onraedt , iso ty p i in J E ,  E G R , N IC H ); N o. 77.L .4060 
(P a ra ty p i  in 11b. Onraedt , J E ) ;  N o. 77.L .4254 (P a ra ty p i in H b . O n r a e d t , 
E G R , J E ) .
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F ig . 1. Cololejeunea ceylanica  O n ra e d t sp. nov. (No. 77 .L .4191). 1. segm ent de tige feuillée, 
v u e  v e n tra le ;  2. lobule e t  s ty le t ;  3. insertion  de la  feu ille  su r  la  tige , vue dorsale; 4 — 6 . tissu  
fo lia ire  ap ical, c en tra l, b a sa l; 7. p ro p ag u le  disciform e; 8 . p é r ia n th e  e t b ractée  fém elle; 9. tissu  

ap ical du  p é ria n th e ; 10. co u p e  transv ersa le  de la  tig e . (S eg m en ts  de droite: 100 fim )

O b serva tions: P a r  sa pap ille  hyaline s itu ée  à la  base de la d e n t ap ica le , 
ses lobules ovales enflés à la base et la  m arg e  fo lia ire  dorsale d en ticu lée , 
Cololejeunea ceylanica  do it ê tre  rangé dans le su b g . Lasiolejeunea  B ened ix  ou 
b ien  dan s le subg. P latycolea  S chuster. P a r  son s ty le  filifo rm e, l’espèce nouvelle  
fa it p en se r a C. goebelii S ch iffn . Elle s’en é c a r te , en  pa rticu lie r, p a r son tissu
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fo liaire (absence de trig o n es  e t m em branes u n ifo rm ém en t épaissies), son péri- 
a n th e  à 5 carènes d en tées  bien développées e t ses propagu les d isciform es à 
m arge non crénelée.

N o tre  espèce se d is tin g u e  égalem ent des Cololejeunea denticulata  e t C. 
fr id e r ic ii qui to u s  d eu x  o n t des sty les u n ice llu la ires.

Tabelle 1

Comparaison de Cololejeunea ceylanica Onraedt avec 3 Cololejeuneas a ffines (d 'après H . M izu ta n i
in litt.)

C. g o t t s c h e i C. g o e b e l i i  
(so called)

C .c e y la n ic a C . n y m a n i i  
( a f t e r  H e n e d i x )

P erian th

L atera l keel n o t so winged
generally
sm o o th

no t so w inged 
generally  
sm oo th

w inged, d en tic ­
u la te

w inged, d en tic ­
u la te

D orsal surface sm ooth sm ooth som ew hat p a ­
pillose

papillose

V entral surface w ith  2 den ticu ­
la te  ridges

Stylus unicellu lar m ulticellu lar m ulticellu lar un icellu lar

Leaf-cell

W alls th in th in ra th e r  th ick ra th e r  th ick

Trigones and in te r­
m ediate thickenings

sm all, bu t 
d is tin c t

sm all, b u t 
d istin c t

in d is tin c t in d is tin c t

D orsal papillae absen t on m arginal 
cells

on m arginal 
cells

on  m ost cells

Foundation  of 1st to o th  
of leaf lobule

n o t exagger­
a ted

exaggerated exaggerated exaggerated

L eaf apex ap icu late rounded apicu late rounded

C ololejeunea h in iduiiiae O n raed t sp . nov . (Fig. 2)

P la n ta  m ag n itu d in e  m ed ia , pallide v iridis, e p ip h y lla  ad  folia a d h ae ren tia . C aulis cca 97 /an  
crassus, cum  m ero p h y tis  un i- vel b iseria tis , ad 2 cm  longus, cum  foliis cca 2160 /a n  la tu s , 
irreg u la rite r  ram osus. F o lia  cau lin a  pa ru m  im b rica ta , cau lem  su p e ran tia ; lobus asy m m etricus, 
m argine an tico  bene a rc u a to  postico  su b stric to , o v a to -ren ifo rm is, in teger, basi brevissim a 
in se rta , cca 1215 x 7 2 9  fim , ap ice ro tu n d a ta  e t 1-serie ce llu la ru m  h v a lin a ru m  q u ad ran g u la ru m  
m arg in a ta ; lobulus p a rv u lu s  trian g u larifo rm is, p lan u s , c a rin a  lev ite r a rc u a ta , d en te  apicali 
1 — 2 cellulari ob tuso , p ap illa  h y a lin a  apicali. S ty lus in basi lobu li un icellu laris, byalin is. Gem ­
m ae d isciform ae e ± 2 6  cellulis com positae. Cellulae fo liares polygonales ch loropbyllosae, sub­
m arg inales cca 21.6 x l 8 f im ,  cen tra les ad  36 X 29 /u n , basa les 79 X 18 fim , p a rie tib u s  trigon is 
nodulisque m agnis; c u ticu la  laev is. A ndroecium  la te ra liu m , 2 - -  3 -ju gatu in . G ynoecium  in apice 
ram i la te ra lis  b rev is d isp o situ m ; inn o v atio  1. B rac teae  e rec tae  q u am  folia v e g e ta tiv a  m inores. 
P e rian th iu m  e x ertu m , cca 975 x 6 7 4  /an , o b co rd a tu m , co m p ressu m , b ia la tu m , in  m arg in ibus ±  
crenu la tis , carina  v e n tra lis  ro tu n d a ta .
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F ig . 2. Cololejeunea h in idum ae  O n ra e d t  sp. nov. (No. 77.L .4260). 1. segm ent de tig e  feuillée, 
vue  v e n tr a le ;  2. insertion  des feu illes  su r la  tige, v u e  dorsa le; 3. lobules; 4. p ro p ag u le  disci- 
fo rm e; 5 — 7. tis su  foliaire ap ica l, c e n tra l ,  b asa l; 8 . p é r ia n th e  e t  b rac tées fem elles; 9. tissu  

a p ic a l du p é rian th e ; 10. t is su  b asa l du  p é rian th e . (Segm en ts de d ro ite : 100 /tin)

S ri L an k a : Galle d is tr ic t ,  H in id u m a , K an n e liy a  F o re s t R ese rv e , a lt. 
150 m , le 19 août 1977, coll. M. O n r a e dt  N o. 7 7 .L .4266 (H o lo ty p u s  in  H b . 
O n r a e d t , iso typus in J E ) .

O b se rv a tio n s : P a r  ses feu illes ch lo rophy lleuses fo rte m e n t app liquées 
c o n tre  le su b s tra t et bo rd ées  de cellules h y a lines, ses lobules com prim és et
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tr ia n g u la ire s  e t ses p é r ia n th e s  ap la tis , la n o u v e lle  espèce a p p a r tie n t au  subgen . 
Pedinolejeunea  B ened ix .

E lle d iffère  p a r  ses lobules p lans, ses cellu les hyalines un isériées e t  son 
p é r ia n th e  obcordé de Cololejeunea p ia n is s im o , espèce asia tiq u e . E lle  sem ble 
plus p ro ch e  de Cololejeunea jo n e s ii  Poes, espèce africaine, qui a ég a lem en t un 
lobule  p lan , tr ia n g u la ire , une m arge hya lin e  fo rm ée p a r des cellules un isériées, 
un  p é r ia n th e  subco rdé  e t les m éro p h y tes  v e n tr a u x  form és p a r  d eu x  séries de 
cellules. M ais chez C. jo n e s ii  la m arge a n tic a le  du  lobule n ’est pas a rq u é , les 
cellules n ’on t pas de trig o n es et d ’ép a issem en ts  in te rm éd ia ires , la  pap ille  
hya lin e  est su b ap ica le , non  apicale su r le lob u le , en fin , les p ropagu les so n t form és 
p a r  40— 50 cellules. T o u tes  les d im ensions de C. h in idum ae  so n t p lus g ran d es.

R E M E R C IE M E N T S

L ’a u te u r  v o u d ra it e x p rim er sa g ra titu d e  aux  D rs. R . Gro lle , H . I n o u e , M. M izutani  
e t T. P ó c s , qu i on t désigné ces deu x  Cololejeunea com m e é ta i t ,  sans d o u te , des espèces nou­
velles e t les o n t com parés avec les espèces affines.
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DIE NETTOPRODUKTION DER RÄUME 
EINES QUERCETUM PETRAEAE-CERRIS-WAEDES 

AUF DER PROEEFUÄCHE VON SÍKFŐKŰT 
(NORD-UNGARN)*

Von

L. B. P a p p

L E H R S T U H L  F Ü R  B O T A N IK  D E R  L A JO S -K O S S U T H -U N IV E R S IT Ä T  D E B R E C E N  

(E in g eg an g en : 15. N ovem ber 1978)

V orliegende A rb e it te i l t  die N e tto p ro d u k tio n  d e r B a u m a rte n  Quercus pelraea 
und  Quercus cerris e ines u n g a risch en  E ichenw aldes m it. Die Ja h re s p ro d u k tio n  der 
K o m p o n en ten  be ider A rte n  (L au b , A ste u n d  Zweige, S tam m , W urze l) w urde durch  
w iederho lte , im  A b s ta n d  v o n  fü n f J a h re n  erfo lg te P h y to m asse n  A u fn ah m e  u n d  J a h re s ­
rin g an a ly se  b e s tim m t. Z ur B erech n u n g  des T rockengew ichs de r B äu m e w u rd en  R egres­
sionen zw ischen G ew ich t u n d  Grösse (K o m p o n en ten g ew ich t, S ta m m d u rc h m e sse r)  v e r­
w endet. N eben den leb en d en  K o m p o n en ten  w urde a u ch  die S treu  P ro d u k tio n  de r v e r­
ho lz ten  K o m p o n en ten  g e sc h ä tz t u n d  die jäh rlich e  S to ffb ilan z  der P h y to m asse  berechnet.

A n h an d  der d u rc h g e fü h rten  U n te rsu ch u n g en  b e tr ä g t  die jä h r lic h e  N e tto p ro d u k ­
tio n  de r beiden  g e n an n ten  B a u m a rte n  10,784 t /h a  T ro ck en su b stan z . D iese M enge e n t­
h ä lt  auch  die von  R a u p en  v e rn ic h te te  L aubm enge, die zw ischen 1972 u n d  1976 bei 
Quercus petraea  im  D u rc h sc h n itt  1316,2 k g /h a , bei Quercus cerris dag eg en  29,9 kg/ha 
jäh rlich  b e tru g  (2 4 ,6 %  bzw . 5, 1%  R au p enfrass). D en grösseren  Teil d e r  jäh rlich en  
N e tto p ro d u k tio n  der B au m sch ich t, 71 ,4% , s te llt  den  M isch u n g sv erh ä ltn issen  e n tsp re ­
ch end  die P ro d u k tio n  von  Quercus petraea (7703 k g /h a ) d a r. D er G e sa m tp ro d u k tio n  
von  Quercus cerris k o m m t ein A n te il von 3080.8 kg /ha  (28 ,6% ) zu. Die P ro d u k tio n  der 
B au m sch ich t lieg t bei 5,2 g/m 2/Tag.

53 ,5%  (5765 kg /h a) de r N e tto p ro d u k tio n  de r B äum e e rgeben  sich au s  de r L a u b ­
p ro d u k tio n . Von der M essbaren , m it dem  G ew icht d e r R a u p en sch ä d en  n ic h t k o rrig ier­
ten  L aubm enge (4418,9 kg /h a) ge lan g ten  jäh rlich  84 ,2 %  (3722,8 k g /h a ) in  F orm  von 
S treu  au f die B odenoberfläche . 43 ,4%  (4684 kg /ha) d e r N e tto p ro d u k tio n  w erden  von 
der jäh rlich en  G ew ich tszu n ah m e der v e rh o ltzen  K o m p o n e n te n  (A ste  u n d  Zweige, 
S tam m , W urzel) g eb ild e t, w äh ren d  die Menge von  F ru c h t  u n d  B lü te  3 ,1 %  a u sm ach t. 
Die jäh rlich e  P ro d u k tio n  an  to te r  H olzm asse (ab fa llende  Zweige u n d  zugrundegegangene  
B äum e) b e trä g t 1782 kg /h a , d. h. in den v e rh o lz ten  K o m p o n e n te n  de r B äu m e w erden 
jäh r lich  2902 kg /ha o rgan isches M aterial gespeichert.

Aus den U n te rsu ch u n g en  g eh t hervor, dass d e r grössere Teil (5839,6 kg /ha) der 
jäh rlich e n  N e tto p ro d u k tio n  a u f  die B odenoberfläche zu rü ck g e la n g t geg en ü b er einer 
geringeren  Menge (2902 k g /ha), die in den v e rh o lz ten  T eilen  g esp e ich ert w ird . In  die 
Ja h re sb ila n z  der P h y to m asse  w urde das G ew icht n ic h t e inbezogen (696,1 kg /h a), das 
vo r dem  L aubfa ll vom  g rü n en  L au b  teilw eise in die v e rh o lz ten  Teile z u rü c k k e h rt  und  
teilw eise au f die B odenoberfläche  ge lang t.

E in leitung

U nsere U n te rsu ch u n g en  schliessen  sich an  die vom  L eh rs tu h l fü r  B o tan ik  der Lajos- 
K o ssu th -U n iv e rs itä t D ebrecen  im Ja h re  1972 begonnenen  Ö k o sy stem fo rsch u n g en  (S ikfoküt- 
P ro je c t, J a k u c s  1973) an . In  de r e rs ten  U n te rsu ch u n g sp h ase  w urde die P h y to m asse  d e r

* S ik fö k iit-P ro jec t Nr. 45.
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B a u m s c h ic h t  des E ichenw aldes au fg en o m m e n  ( P a p p , B. 1974), in  de r zw eiten  P h ase  die jä h r ­
lich e  N e tto p ro d u k tio n  der B äu m e  bzw . die jäh rlich e  S to ffb ilan z  der B a u m sch ic h t berech n et 
u n d  h ie r  m itge te ilt.

D e r u n tersu ch te  W ald  is t  e in  65 — 70jähriger k lim azo n a le r  Quercetum petraeaea-cerris- 
W a ld , d e r  sich im sü dw estlichen  T e il des B ükk-G ehirges in  d e r N ähe der S ta d t  E g er in  einer 
H ö h e  v o n  300 m. ü. M. a u f  B ra u n e rd e  b e fin d e t. Die B a u m sch ic h t w ird  v o n  zw ei A rte n  im  V er­
h ä ltn is  8 4 ,6 %  (Quercus petraea) u n d  15 ,4%  (Quercus cerris) geb ild e t. Die B a u m z ah l b e trä g t 
816 S tü c k /h a ,  die D eckung d e r L a u b k ro n e n sc h ic h t 80% . E in e  au sfü h rlich ere  B eschreibung  
v o n  G e b ie t u n d  V egetation  is t  bei J a k u c s  1973, J a k u c s , H o r v á t h  u n d  K á r á s z  1975, P a p p  
u n d  J a k u c s  1976 zu finden.

M ethoden

E in e  M ethode zur S c h ä tz u n g  d e r P ro d u k tio n  der o b e rird isch en  v e rh o lz ten  K o m p o n en ­
ten  w a r  d ie w iederholte M essung d e r  P h y to m asse . D azu  w u rd e n  1972, d a n n  1977, also nach  
fü n f  J a h r e n  au f einer F läche  v o n  50 X 100 m  der 1 ha  g rossen  P rob efläch e  der S tam m u m fan g  
a lle r  B ä u m e  in einer H öhe v o n  1,3 m  ü b e r  der E rd o b erfläch e  gem essen. A us den  S tam m ­
u m fä n g e n  w urden  die S ta m m d u rc h m e sse r  berechnet. U n te r  V erw endung  der im  Ja h re  1972 
a u fg e s te ll te n  R egressionen zw isch en  dem  T rockengew ich t de r K o m p o n e n te n  de r P ro b eb äu m e  
(L a u b , A ste  u n d  Zweige, S ta m m ) u n d  dem  S tam m d u rch m esse r ( P a p p , B. 1974) w urde das 
T ro c k e n g e w ic h t der K o m p o n e n te n  a lle r  B äu m e der 0,5 h a  g rossen  F läch e  b e rech n e t. A nschlies­
sen d  w u rd e n  die E rgebnisse a u f  1 h a  bezogen. Es soll b e m e rk t w erden , dass fü r  die W urzeln  
so lche  R egressionen  n ich t b e rü c k s ic h tig t  w urden ; deren  G ew ich t/h a  w urde  d esh a lb  sowie 1972, 
w ie a u c h  1977 nach S o p p  (1974) g e sc h ä tz t. A nhand  des in b e id en  U n te rsu ch u n g s jah ren  be­
s t im m te n  P h y to m asse n u n te rsc h ied e  w u rd e  der in den fü n f  B ezu g e jah ren  erfo lg te  m ittle re  
Z u w a ch s  dieser Bäum e g esch ä tz t.

Z u r B erechnung der J a h re s p ro d u k tio n  der oberird isch en  v e rh o lz ten  K o m p o n en ten  
w u rd e  a u c h  eine andere o ft b e n u tz te  S ch ä tzu n g sm eth o d e , die sog. Ja h re s r in g a n a ly se  v e r­
w e n d e t. D azu  w urden A nfang  S e p te m b e r  1977 10 E x em p la re  v o n  Quercus petraea  u n d  5 
E x e m p la re  von  Quercus cerris m it  e in em  m ittle ren  S ta m m d u rc h m e sse r in  1,3 m  H öhe m it 
e in em  P ress le r-B au m b o h re r e n tla n g  v o n  v ier S trah len  in  v ie r  R ich tu n g e n  a n g e b o h rt und  die 
B re ite  d e r  le tz te n  fü n f Ja h re s r in g e  im  M ikroskop gem essen. N a tü r lic h  w urde a u ch  der ak tue lle  
(1 9 7 7 ) S tam m d u rch m esser de r P ro b e b ä u m e  gem essen. A us d e r B re ite  de r fü n f  Ja h res rin g e  
w u rd e  d e r  jäh rliche  Z uw achs d e r S tam m d u rch m esse r de r B äu m e  bzw . de r m itt le re  S ta m m ­
d u rc h m e ss e r  von vor fü n f J a h re n  b e re c h n e t, aus le tz te rem  u n te r  V erw endung  d e r R egressionen  
z w isch en  G ew icht und Grösse w e ite rh in  das T rockengew ich t de r K o m p o n en ten  v o n  vo r fü n f

Tabelle 1

Phytomasse von Quercus petraea und  Quercus cerris

Laub
Äste und Zweige

Holz Bast Gesamt

Quercus petraea 1972 3,427
(2 ,0 % )

30,971 14,926 45,897
(26,5% )

1977 3,723 34,022 16,396 50,418

Quercus cerris 1972 0,825
(1 ,9 % )

6,106 3,586 9,692
(22 ,2% )

1977 1,006 7,607 4,467 12,074

G esam t 1972 4,252
(2 ,0 % )

37,077 18,512 55,589
(25,6% )

1977 4,729 41,629 20,863 62,492
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Ja h re n . Die m ittle re n  Ja h re s lau b p ro d u k tio n e n  w u rd en  e inerse its  aus dem  1972 m itte ls  R eg res­
sionen b e rec h n e te n  L aubgew ich t, an d ere rse its  aus den zw ischen 1972 und  1976 jä h r lic h  gem es­
senen  L au b p ro d u k tio n sm en g en  b e rechnet. D azu  w u rd e  das V erh ältn is des L au b s tre u g ew ic h ts  
des J a h re s  1972 zu de r S treu p ro d u k tio n  d e r sp ä te re n  J a h re  J a h r  fü r J a h r  b e rech n e t. Die a u f  
diese W eise gew onnenen V erhältn isse w u rd en  m it den  1972 gem essenen lebenden L au b g ew ich ­
ten  m u ltip liz ie rt. Als E rgebn is e rh ie lten  w ir die e ffek tiv  m essbare L au b p ro d u k tio n  d e r e in ­
zelnen J a h re .  Aus der M itte lb ildung  der L a u b p ro d u k tio n e n  der fü n f J a h re  sind d ie fü n f  diese 
J a h re  g ü ltig en  m ittle ren  L au b p ro d u k tio n en  e rm it te lt  w orden.

A usser den  ta tsäch lich  m essbaren  L au b g ew ich ten  h ab en  wir auch die du rch  d as  G ew ich t 
des R au p en fra sse n  erg än z ten , sog. re k o n s tru ie r te n  L au b p ro d u k tio n en  angegeben . Zu ih re r  
B e rech n u n g  (m essbaren ) B lattgew ich te  m it H ilfe de r R aupen frassp ro zen te  a u f  u n v e rseh rte  
B la ttg ew ic h te  re k o n s tru ie rt. Die re k o n s tru ie rte n  B la ttg ew ich te  w urden  aus dem  V erh ä ltn is  des 
F rasses b e rech n et:

V e rh ältn is  des Frasses:
re k o n s tru ie r te s— m essbares B lattgew ich t 

re k o n s tru ie r te s  B la ttg ew ich t

N ach  der M u ltip lik a tio n  der rek o n stru ie rten  B la ttg ew ich te  m it den B la ttza h le n  je  n ach  H e k ­
ta re n  — die aus den m essbaren  L au b p ro d u k tio n en  u n d  aus den m essbaren  m it t le re n  B la t t ­
gew ich ten  b e rec h n e t w urden  — h ab en  w ir die re k o n s tru ie r te n  L au b p ro d u k tio n en  e rh a lte n . 
D er U n te rsch ied  zw ischen diesen le tz te ren  u n d  de r m essbaren  L au b p ro d u k tio n  e rg ab  die von 
d en  R a u p en  k o n su m ierten  L aubm engen.

Die M enge der F rü ch te  (E icheln  -f- B echer) u n d  B lü ten  w urde aus den in  die S treu - 
sa m m e lk is te n  gefallenen  M engen b es tim m t. Die S am m lu n g  u n d  M essung der fa llen d en  B lü ten  
u n d  F rü c h te  erfo lg te  in  den Ja h re n  1973 — 1976 (s. T ó t h , P a p p . B. u n d  J a k u c s , M skr.).

Z ur F ests te llu n g  der S tre u p ro d u k tio n  de r v e rh o lz ten  K om ponen ten  (A ste u n d  Zweige, 
S tam m , W urzel) w urde einerseits die M enge an  zugrundegegangen  B äum en  (noch  steh en d e  
u n d  u m g es tü rz te ) , zum  anderen  die abg eb ro ch en en  d ü rren  Ä sten  g eschätz t. Z ur B erechnung  
der M enge an  jäh rlich e  zugrundegegangenen  B äum en w urde 1972 und  1977 d e ren  a u f  1 ha  
en tfa llen d e  P h y to m asse  geschätzt. Aus dem  U n te rsch ied  beider P h y to m assen  w u rd e  de r j ä h r ­
lichen A nteil de r abgesto rbenen  B äum e an v e rh o lz te n  K om p o n en ten  berechnet. Z u r S ch ä tzu n g  
de r h e ru n te rfa llen d e n  to ten  H olzm asse w u rd en  A nfang  1975 drei 1 0 x 1 0  m  grosse V ierecke 
g esä u b ert u n d  zw eim al jäh rlich  die au f diese F läch e  gefallenen Äste und Zweige g esam m elt und  
gew ogen. Die E rgebnisse  w urden au f 1 ha  bezogen u n d  in T rockengew ich t an g egeben . Die 
U n te rsu ch u n g  w urde nach  C h a p m a n  (1976) u n d  N e w b o u l d  (1970) du rch g efü h rt.

in  den Jahren 1972 und 1977 (Trockengeivicht t/ha)

Stamm Wurzel
Gesamt

Holz Bast Gesamt Holz Bast Gesamt

92,389 8,264 100,652
(58,0% )

18,477 4,971 23,448
(13,5% )

173,424
( 100% )

99,552 8,904 108,456 20,031 5,389 25,420 188,017

24,606 2,673 27,280
(62,4% )

4,555 1,361 5,916
(13,5% )

43,713
( 100% )

29,552 3,211 32,763 5,524 1,650 7,174 53,017

116,995 10,937 127,932
(58,9% )

23,032 6,332 29,364
(13,5% )

217,137
( 100% )

129,104 12,115 141,219 25,555 7,039 32,594 241,034
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Ergebnisse

D ie P roduktion  der verholzten K om ponenten

Die bei der F e s ts te llu n g  der P h y tom asse  die B erechnungsgrund lage  b ild en d en  D a ten  
v o n  1972 u n d  1977 w erd en  in  T abelle  1 m itg e te ilt. Z ur B erech n u n g  des T rockengew ich ts der 
K o m p o n e n te n  w urden  in  jed e m  J a h r  die R egressionen de r T abelle  2 verw endet. Die n a ch  dieser 
M e th o d e  e rrechnete  P ro d u k tio n  der B au m a rten  is t  in  T ab e lle  3 en th a lten . A n h an d  unse rer 
B e rech n u n g en  b e trä g t  d ie jäh rlich e  G ew ich tszunahm e d e r v e rh o lz ten  K o m p o n en ten  be ider 
B a u m a r te n  4684 kg /h a  (T rockengew ich t). E in  g rosser T eil d a v o n  ist in  den o b e rird ischen  K om -

Tabelle 2

Regressionen zwischen Geivicht und  Grösse fü r  verschiedene K om ponenten von Quercus petraea
und Quercus cerris

Komponenten A* b r Sy cv% »

L au b l . -3 ,0 0 0 0 2,8150 0,821 0,048 6,43 10
2 . -3 ,0020 2,8410 0,734 0,128 7,06 5

A ste  u n d  Zweige 1 .
2 .

-2 ,6370  
— 2,3218

3,3906
3,1315

0,842
0,952

0,138
0,056

7,68
2,87

26
8

S tam m 1 . — 1,2827 2,6256 0,951 0,054 2,52 26
2 . -1 ,1 7 2 2 2,6100 0,945 0,042 1,78 8

A ste  + 1 . — 1,3306 2,7898 0,973 0,042 1,80 26
Zweige u n d  S tam m 2 . 1,1983 2,7312 0,987 0,037 1,50 8

L au b 1 . 1,3205 2,7897 0,974 0,041 1,75 26
A ste  u n d  Zweige -j- 
S ta m m

2 . — 1,1895 2,7300 0,982 0,029 1,43 8

Jed e  Regression lieg t in  der Form  log у  =  log a -f- b log x  vor, wobei у  =  T rockensubstanz  
d e r  K o m ponen ten  (kg), x  =  D urchm esser in B rusthöhe  (cm )

A* =  log a u n d  b K o n s tan ten
r  =  K orrela tionskoeffiz ien t
Sy =  rel. F eh ler d e r R egressionsgerade
CV%  =  V ariationskoeffiz ien t
n  —  A nzahl de r W iederholungen

p o n e n te n  an zu treffen  (4038 k g /h a ), in den W urzeln  dag eg en  b e trä g t der jäh rlich e  Zuw achs 
in sg e sa m t 646 kg /ha. D ie G e sam tjah re sp ro d u k tio n  de r v e rh o lz ten  Anteile m ach t lediglich 
2 ,1 %  d e r P hy to m asse  de r v e rh o lz ten  K om p o n en ten  aus. E in  grosser Teil der G e sa m tp ro d u k ­
tio n  de r v e rho lz ten  K o m p o n e n te n  wird n a tü rlich  vom  S ta m m  (56 ,7% ), der kleinere Teil dagegen 
v o n  de r in  den Zweigen (2 9 ,5 % ) bzw. W urzeln  (13 ,8% ) a k k u m u lie rten  S toffm enge geb ilde t.

D er A nteil der v e rh o lz te n  P flanzen teile  b e id e r B a u m a rte n  an  der G esam tp ro d u k tio n  
w e ich t v o n  deren  A nteil a n  de r P h y to m asse  ab. Die P ro d u k tio n  der verho lzten  Teile von Quercus 
cerris m a c h t 39%  der H o lz p ro d u k tio n  beider A rten  aus, d e ren  P h y tom asse  s te llt aber n u r  21%  
der g e sam ten  P h y to m asse  d a r. D as erg ib t sich e inerseits d a ra u s , dass der m ittle re  S ta m m d u rc h ­
m esser de r Quercus c e rris-E x em p lare  w esentlich grösser u n d  auch  der S tam m d u rch m esse r­
zu w ach s hö h er is t (s. T ab e lle  4). D azu ko m m t, dass im  L aufe  von  fü n f Ja h re n  26 E x em p lare  
v o n  Quercus petraea v e r tro c k n e t  sind, deren  G ew icht se lb s tv e rs tän d lich  n ich t in die lebende 
P h y to m a sse  einbezogen w u rd e , w ährend  in  diesem  Z e itrau m  kein  einziges Z erre ichenexem plar 
v e r tro c k n e te .
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Tabelle 3

M ittlere Nettoproduktion der Baumarten Quercus petraea und Quercus cerris (Trockengewicht kg/ha)
Jahr zwischen 1972 und  1977

1. A ngabe: m it R aupenfrase  n ich t korrig iertes L au b g ew ich t; 2. Angabe: korrig iertes L au bgew ich t. 
D ie A ngaben  in  K lam m ern  deu ten  das A usm ass des Ausmass des R aupenfrasses an .

Laub Äste und 
Zweige

Stamm Wurzel Gesamt Frucht Blüte

Quercus petraea  1 .
2 .

3 4 9 8 ,6
4 8 1 4 ,8

(1 3 1 6 ,2 )

9 0 4 ,2 1 5 6 0 ,8 3 9 4 ,4 6 3 8 6 ,8
7 7 0 3 ,0

2 8 ,8

Quercus cerris 1.
2 .

9 2 0 ,3
9 5 0 ,2
( 2 9 ,9 )

4 7 6 ,4 1 0 9 6 ,6 2 5 1 ,6 3 0 5 0 ,9  
3 0 8 0 ,8

2 9 6 ,9 9 ,1

G esam t 1.
2 .

4 4 1 8 ,9
5 7 6 5 ,0

(1 3 4 6 ,1 )

1 3 8 0 ,6 2 6 5 7 ,4 6 4 6 ,0 9 4 3 7 ,7  
10 7 8 3 ,8

2 9 6 ,9 3 7 ,9

W ie oben b e re its  e rw äh n t, w u rd e  z u r S chätzung  der P ro d u k tio n  der 
B äu m e au ch  eine an d ere  M ethode, die sog. Jah resrin g an a ly se  b e n u tz t .  N ach  
diesen  M essungen e rh ö h te  sich der S tam m d u rch m esse r von Quercus petraea  in 
B ru s th ö h e  (1,3 m) in fü n f  J a h re n  um  jä h r l ic h  1,867 m m . M ehr also d o p p e lt so 
hoch  is t  dagegen die m ittle re  S ta m m z u n a h m e  (1,036 m m /Jah r)  h e i Quercus 
cerris (s. T abelle  4, A bb ildung  1).

G rosse A bw eichungen  w aren  im  H in b lic k  au f die m ittle ren  Ja h re s r in g -  
b re ite n  u n te r  den  u n te rsu c h te n  10, bzw . 5 P ro b eb äu m en  fe s tzu s te llen . Bei 
Quercus petraea  b e trä g t die aus fü n f  Ja h re s r in g e n !  berechnete  m itt le re  J a h re s ­
r in g b re ite  1,867 m m , die S treu u n g  d er D a te n  (s) =  0,541, der V a ria tio n sk o e f­
f iz ie n t (CV% ) =  29,2. D ie gleichen W e rte  liegen bei Quercus cerris be i s =  
=  4 ,036 ±2 0,940 u n d  CV%  =  25,3. W esen tlich  s tä rk e r is t die A b w eich u n g  d er 
Ja h re s r in g b re ite n  von  diesen W erten  in  d e n  einzelnen J a h re n . B ei Quercus 
petraea  b e trä g t  die S treu u n g  (s) = 1,867 ±  0,676 m m /Ja h r (CV%  =  36,2), hei
Quercus cerris 4,035 ±  1,778 (CV% =  44 ,1). D ie jäh rlich e  S ta m m d u rc h m e sse r­
zu n ah m e  zeig te in den u n te rsu c h te n  fü n f  J a h re n  Ä hnlichkeit m it d e r jä h r lic h e n  
V erän d e ru n g  d er L au h streu m en g e . Ä h n lich  w ie die L au b streu m en g e  w ar die 
S tam m d u rch m esse rzu n ah m e  im  J a h re  1974 am  n iedrigsten  (vgl. T ó t h , В . P a p p  

u n d  J a k u c s  M skr.).
Im  V ergleich zu r m it H ilfe w ie d e rh o lte r  A ufnahm en  g e sch ä tz ten  P h y to -  

m asse n p ro d u k tio n  is t die anhand  d er Ja h re s r in g a n a ly se  g esch ä tz te  P h y to m a sse  
bzw . d ie  d a rau s  b erech n e te  P ro d u k tio n  h ö h e r. Bei Quercus petraea  b e t r ä g t  d ie ­
ser P ro d u k tio n su n te rsc h ie d  8% . W esen tlich  höher w ar die A b w eich u n g  bei 
Quercus cerris. D ie n ach  Ja h re s rin g e n  b e re c h n e te  P ro d u k tio n  ü b e rs te ig t bei 
d ieser A r t die m it w iederho lte r D u rch m esse rm essu n g  e rh a lte n e n  P ro d u k ­
tio n sw erte .
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Abb. 1. Ja h res rin g e  v o n  Q uercus cerris (Q c) u n d  Q uercus p e traea  (Qp)

L a u b p roduk tion

D ie  m ittle re  Ja h re s la u b p ro d u k tio n  d e r zw ei B au m arten  (1972— 1976) 
m a c h t 4418 ,9  k g /h a  aus. D iese M enge is t die e ffe k tiv  m essbare, d. h. d u rc h  die 
von  d en  P h y to p h a g e n  k o n su m ie rte n  M enge n ic h t erg än z te  L a u b p ro d u k tio n  
(in w e ite re n  m essbare  L a u b p ro d u k tio n ). D en  g rö ss ten  Teil der L a u b p ro d u k tio n  
— 7 9 ,8 %  —  g ib t, den  M ischungsv erh ä ltn issen  d e r zw ei A rten  en tsp rech en d , das 
L a u b g e w ic h t von  Quercus petraea  (s. T abelle  3).

W ä h re n d  d e r fü n f  J a h re  ze ig te  sich in den  m essb aren  L au b p ro d u k tio n e n  
ein  g ro sser U n te rsch ied . D ie M enge der L a u b p ro d u k tio n  bew egte sich in  F a lle  
von  Q uercus petraea  zw ischen 3217,6 und  3778 k g /h a , die S treuung  d er L a u b ­
g ew ich te  (s) zeig te  bei d ieser A rt 3498,6 ±  238,6 k g /h a  (CV% =  18,4). D ie 
m essb are  L a u b p ro d u k tio n  v o n  Quercus cerris bew eg te  sich in dieser F ü n f ja h r ­
p erio d e  zw ischen  825 und  1114,9 kg /ha  (s =  920,3 ±  169,1 kg /h a , C V %  =  
=  18,4) (T abelle  5).
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T abelle  4

Jährlicher nach Jahresringanalyse berechneter Stammdurchmesserzuwachs ( in  m m ) von Quercus petraea und Quercus cerris zwischen 1973 und 1977
(In  K lam m ern w urden die ak tuellen  Jah resrin g b re iten  angegeben.)

1977 1976 1975 1974 1973 Gesamt Mittel mm/Jahr

Quercus petraea m m /Jah r 
cm

2,492
(21 ,66 )

2,024
(21,41)

2,498
(21 ,21)

1,072
(20,96)

1,248
(20,85)

9,334 1,867 +  0,676

Quercus cerris m m /Jah r 
cm

6,533
(24,03)

3,879
(23,38)

4,704
(22,99)

1,689
(22,52)

3,375
(22,35)

20,180 4,036 ±  1,778

Tabelle 5
Laubproduktion der Baum arten Quercus petraea und Quercus cerris zwischen 1972 und 1976

(Trockengewicht in kg ha  Ju h r j

Jahr
Messbares Blattge­

wicht* 
g/Blatt

rekonstruiertes Blatt­
gewicht** 

g/Blatt

Raupcnfrass***
°/o

Laubstreu, **** 
kg/ha/Jahr

messbare Laubpro­
duktion, 

kg/ha/Jahr

rekonstrierte Laub­
produktion 
kg/ha/Jahr

durch Raupenfrass 
verlorengegangenes 

Laubgewicht, 
kg/ha Jahr

Quercus petraea

1972 0,0899 0,1487 40,0 2787,4 3427,0 5712,9 2285,9
1973 0,1713 0,2001 14,4 2731,1 3357,8 3922,3 564,5
1974 0,1690 0,2031 18,8 2617,2 3217,6 3866,8 649,2
1975 0,1054 0,1836 42,6 3075,5 3778,4 6582,1 28 3,5
1976 0,1614 0,1735 7,0 3019,1 3711,8 3990,0 278,3

M ittel 0,1393 0,1818 24,6 2845,7 +  194,1 3498,6 +  238,6 4814,8 ±  1255,5 1316,2

Quercus cerris

1972 0,1617 0,1702 5,0 786,2 825,0 868,4 43.4
1973 0,1163 0,1187 2,0 685,0 718,8 733,6 14,8
1974 0,1707 0,1760 3,0 826,9 867,7 894,6 26,9
1975 0,1422 0,1497 5,0 1062,6 1114,9 1173,8 58,8
1976 0,1617 0,1625 0,5 1024,6 1075,2 1080,5 5,3

M ittel 0,1505 0,1554 3,1 877,1 920,3 +  161,1 950,2 ±  169,1 29,9

* G erechnet anhand  der D aten  von P a p p , B. (1974), V ir á g h  (Mskr.), A n t a l  (1978) ** D aten  von T ó t h , P a p p . B. und  J a k u c s  (M skr.)
*** D aten  von V a r g a  u n d  L a k a t o s  (M skr.) **** D a ten  von T ó t h , P a p p . B. und  J a k u c s  (Mskr.)
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A u sse r den  effek tiv  m essb aren  L au b p ro d u k tio n en  h a b e n  wir auch die d u rc h  d ie von 
d en  P h y to p h a g e n  konsu m ierten  L au b m en g en  e rg än z ten , sog. rek o n strie rten  L a u b p ro d u k tio n en  
b e rec h n e t. D as Ja h re sm itte l  von  fü n f  Ja h re n  der a u f  diese W eise ergänzten , re k o n s tru ie r te n  
L a u b p ro d u k tio n  b e tru g  5765 k g /h a  (Quercus petraea  4814,8 k g /h a , Quercus cerris 950,2 k g /h a) 
(T abelle  5). D en  Ä nderungen  der R a u p en p ro zen te  e n tsp rec h en d  sind auch die U n te rsch ie d e  
zw ischen  d e n  k o rrig ie rten , r e k o n s tru ir te n  L au b g ew ich ten  d e r einzelnen Ja h re  gross. D ie re ­
k o n s tru ie r te  L a u b p ro d u k tio n  von  Quercus petraea  bew egte  sich  w ährend  der fü n f J a h re  zw ischen  
3866 u n d  6582 kg /ha; die S tre u u n g  der D a ten  w ar 4814,8 ^  1255,5 kg/ha (C V %  =  26,1). 
D a ra u s  is t  e rs ich tlich , dass der U n te rsch ied  zw ischen den  W e rte n  der einzelnen Ja h re  w esen tlich  
g rösser is t ,  als im  Falle der m essb aren  L aubgew ich te . W esen tlich  kleiner sind dagegen d ie A b ­
w e ich u n g en  in  den re k o n stru ie rte n  L au b g ew ich ten  der a n d e re n  A rt (Quercus cerris)  (T abelle  5).

D ie v o n  den lau b k o n su m ie ren d en  P h y to p h a g en  jä h r lic h  ve rn ich te te  Menge w ar d u rc h ­
sc h n itt l ic h  1346,1 kg /ha  (Tabelle 3). D er T abelle  5 is t  zu e n tn eh m en , dass zw ischen d e n  zwei 
A rte n  e in  w esen tlich e r U n te rsch ied  b e s te h t in  H in sic h t a u f  das Mass des R au p en fra sse s, Im  
F alle  v o n  Quercus petraea b e tru g  de r a u f  fü n f J a h re  b e rec h n e te  durchschnittliche  R a u p e n fra ss  
24,6 G e w ich tsp ro zen t, der eine L au b m en g e  von  1316,2 k g /h a  b ed eu te t.

B e d e u te n d  k leiner is t das M ass des R au p en fra sse n  b e i der A rt Quercus cerris (5 % ), 
G rosse U n te rsch ie d e  sind zu b e o b ac h te n  in  den R a u p en fra ssp ro z e n te n  der versch iedenen  J a h re  
bei Quercus petraea  (zw ischen 7 u n d  4 0% ), u n d  d em n ach  a u ch  in  der konsum ierten  L au b m en g e  
(zw isch en  278,3 u n d  2803,5 kg /ha).

Streuproduktion  der verholzten K om ponenten

W ie b e re its  e rw äh n t w urde, b e s te h t  die S tre u p ro d u k tio n  der verho lzten  K o m p o n e n te n  
e in e rse its  au s  d e r Menge der jäh rlich  zu g rundegegangenen  B äu m e , anderseits dagegen a u s  der 
M enge d e r  a b fa llen d en  to te n  Zweige. Tabelle  6 s te llt  die Ja h re sm en g e  der ve rh o lz ten  K o m p o ­
n e n te n  d e r ab g es to rb en en  B äum e d a r , die e igen tlich  de r U n te rsch ied  zwischen den  im  J a h re  
1972 u n d  1977 gem essenen to te n  P h y to m asse n  ist.

Tabelle 6

P hytom ass (kg/lui Trockengeivicht) und  Streuproduktion (kg /ha /Jahr) der verholzten K om ponenten  
von abgestorbenen Quercus petraea-B äum en

Äste und Zweige Stamm Wurzel Gesamt

P h y to m asse  k g /h a 1972 370,1 1031,7 224,3 1626,2

1977 1091,7 2991,1 653,2 4736,0

T o te  H o lzm asse , k g /h a /Ja h r

A b g esto rb en e  B äum e 

A bfallende Ä ste  u n d  Zweige
144,3

1160,0

391,3 85,8 622,0

1160,0

1782,0

A n h a n d  u nserer U n te rsu c h u n g e n  sind  im  fü n fjä h rig e n  Z e itraum  zw ischen  
1972 u n d  1977 in sgesam t 26 Quercus petraea  E x e m p la re /h a  v e rtro c k n e t. W ä h ­
re n d  d ie se r  Z e it v e rtro c k n e te  ke in  einziges Quercus ce rris-E xem plar a u f  d er 
1 h a  g ro ssen  F läche . D em en tsp rech en d  v e r tro c k n e te n  jäh rlich  im  M itte l 5
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E x em p la re  der A rt Quercus petraea. D ie  P h y to m a sse  der jäh rlich  a b g e s to rb e ­
nen B äu m e (s teh en d e  u n d  u m g estü rz te ) b e trä g t  so nach  unseren B erech n u n g en  
622 k g /h a  T ro ck en su b stan z  (Tabelle 6). Im  M itte l d re ier J a h re  (1975— 1977) 
b e tru g  die M enge an  jäh rlich  ab gefa llenen  A sten  u n d  Zweigen 1160 k g /h a  
(T abelle 6). D u rc h  E rg än zu n g  der T ro c k e n su b s ta n z  der zu g rundegegangenen  
Quercus-petraea-Fj-xemplare m it diesen W e rte n  e rgab  sich eine jä h r lic h e  P r o ­
d u k tio n  an to te m  M ateria l v e rh o lz te r K o m p o n e n te n  von  1782 k g /h a  (T ro ck en ­
su b stan z ). D ie U n te rsu ch u n g en  e rs tre c k te n  sich n ich t a u f die P ro d u k tio n  d e r 
W urzeln  von lebenden  B äum en.

Die Jahresb ilanz der Phytomasse

E in  T eil de r im  L aufe P h o to sy n th ese  jä h r lic h  g eb ild e ten  organischen S u b s ta n z  w ird  in  
den  v e rh o lz ten  T eilen  der lebenden  B äum e eine gewisse Z eit lang  gespeichert, ein  a n d e re r  Teil 
dagegen  s t i rb t  jäh r lich  ab  u n d  gelangt in  F o rm  v o n  L a u b s tre u  F ru c h t u n d  B lü te  a u f  die B o ­
denoberfläche. N ach  k ü rze re r oder längerer Z e it g e lan g t auch  ein grosser Teil d e r  in  den  v e r ­
ho lz ten  K o m p o n e n te n  ak k u m u lierten  S to ffm enge  a u f  den  B oden. In  der J a h re sb ila n z  de r 
P h y to m asse  w urde  deshalb  die in  die S treu  gelangende  M enge von  der in den v e rh o lz te n  T eilen  
a k k u m u lie rten  un tersch ied en .

N ach  u n se ren  M essungen b e trä g t  die Ja h re sn e tto p ro d u k tio n  d e r  g e sam ­
te n  B au m sch ich t (L au b  -f- verho lz te  T eile) 10 783,8 k g /h a  (Tabelle 3). D iese 
J a h re sp ro d u k tio n  an  organischer S u b s ta n z  m a c h t 1977 4 ,5%  der g e sam ten  
lebenden  P h y to m a sse  der B äum e aus (vgl. B . P a p p  1974). A n h an d  ob iger 
G e sa m tp ro d u k tio n  b e trä g t die N e t to p ro d u k t iv i tä t  der B äum e 5,2 g /m 2/T ag . 
D ie L änge d e r V eg e ta tionsperiode  k a n n  im  M itte l der fü n f  J a h re  m it 207 T ag en  
angegeben  w erden  ( J a k u c s  M skr.). D iese W e rte  en tsp rech en  bzw . liegen  e tw as 
u n te r  den von  versch iedenen  A u to ren  ( L i e t h  1962, 1975; W e s t l a k e  1963; 
O v i n g t o n  1965; R o d i n  und  B a s i l e v i c h  1968; P r é c s é n y i  1971; B i s k u p s k y

1975) fü r  lau b ab w erfen d e  W älder oder E ich en w äld e r der gem ässig ten  Z one 
angegebenen  m ittle re n  W erten .

D en g rösseren  Teil der G e sa m tp ro d u k tio n  der B äum e, 5 3 ,5 % , —  au ch  
das G ew ich t des R aupenfrasses m ite in g e re c h n e t —  s te llt die jä h r lic h e  L a u b ­
p ro d u k tio n , 4 3 ,4 %  dagegen die jä h r lic h e  G ew ich tszunahm e der v e rh o lz te n  
K o m p o n en ten  3 ,1 %  hingegen die F ru c h t-  u n d  B lü ten k o m p o n en ten  d a r . E in  
grosser T eil (84,2) der m essbaren , m it R au p en fra sssch ad en  n ich t k o rr ig ie r te n  
m ittle ren  L au b m en g e  (4418,9 kg /ha) g e lan g t in  F o rm  von B la tts tre u  a u f  die 
B o d en o b erfläch e . N ach  M essungen v o n  T ó t h , В. P a p p  und J a k u c s  (M skr.) 
b e tru g  n äm lich  die L au b streu  der B äu m e  im  M itte l von  fü n f  J a h re n  3722,8 
k g /h a  T ro ck en su b s tan z . D ie G ew ich tsab n ah m e d er B la tts tre u  im  V erg le ich  zu  
den  g rünen  B lä t te r  —  15,8%  (696 k g /h a ) —  e rg ib t sich wohl in  e rs te r  L in ie  
aus e iner S u b s tan z rü ck w an d e ru n g  aus den  B lä tte rn  in  die v e rh o lz te n  T eile . 
E in  d a m it ü b e re in s tim m en d e r P ro z e n tw e rt z u r  G ew ich tsabnahm e w ird  au ch
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v o n  B r a y  u n d  G o r h a m  (1964) und  B u r r o w s  (1972) m itg e te ilt. Boi d e r G e­
w ic h tsa b n a h m e  sp ie len  se lb s tv e rs tän d lich  au ch  noch andere F a k to re n  eine 
B o lle  w ie z. B . die ausw aschende W irk u n g  g rösserer H erb stn ied e rsch läg e  (s. 
S z a b ó , M skr.) oder d e r  b e re its  an den B ä u m e n  e in se tzen d e  A bbau . Die U rsach e  
d e r G ew ich tsab n ah m e  w urde  n ich t u n te rs u c h t.

W ie oben b e re its  e rw äh n t, m a c h t die jä h r lic h e  G ew ich tszunahm e d e r 
v e rh o lz te n  K o m p o n e n te n  beider A rten  4683,9  k g /h a  aus (Tabelle 3). D ie j ä h r ­
liche S tre u p ro d u k tio n  der gleichen K o m p o n e n te n  (abgefallene dü rre  Ä ste  u n d  
Zw eige -)- ab g esto rb en e  B äum e) b e tru g  im  M itte l 1782 kg /ha , was 38%  der 
P ro d u k tio n  an v e rh o lz te n  K o m p o n en ten  b e id e r A rten  au sm ach t. N ach  A bzug  
des to te n  M ateria ls  d e r verho lz ten  K o m p o n e n te n  lieg t die jä h rlic h  in  diesen 
g esp e ich erte  M enge an  o rgan ischer S u b stan z  be i 2902 kg /h a . A ufg rund  u n se re r  
U n te rsu c h u n g e n  k a n n  fe s tg es te llt w erden , dass die P hy to m asse  des u n g e fä h r 
7 0 jä h iig e n  W aldes des F o rsch u n g sg eb ie tes  n och  im m er zu n im m t, d. h . der 
W ald  b e fin d e t sich in  der W ach stu m sp h ase .

N ach  u n se ren  B erech n u n g en  b e lä u ft sich die in die S treu sch ich t g e lan ­
gende S to ffm enge (L a u b  -|- abgesto rbene v e rh o lz te  K o m p o n en ten  -f- F ru c h t  
u n d  B lü te ) 5839,6 a u f  5839,6 kg /ha . In  d iesem  W ert is t die v e rm u tlic h  h ohe  
S to ffm enge n ich t e n th a lte n , die h a u p tsä c h lic h  m it den A usscheidungen  p h y to -  
p h a g e r  O rgan ism en  im  L aufe  des Ja h re s  w ied er a u f  den  W aldboden  z u rü c k ­
k e h r t .

E in  V erg leich  d er ak k u m u lie rten  (2902 kg) und  in  die S tre u sc h ic h t ge­
lan g e n d e n  (5839,6 kg) M engen zeig t, dass m e h r als die H ä lfte  (54% ) d er o rg a ­
n ischen  Ja h re sg e sa m tp ro d u k tio n  in F o rm  a b g e s to rb e n e r Teile jä h r lic h  a u f  die 
B o d en o b erfläch e  zu rü ck g e lan g t. Es is t w ie d e rh o lt zu bem erken , dass in  der 
ob igen  S to ffb ilanz  je n e  S toffm enge n ic h t e n th a lte n  is t (696,1 kg /ha), die den  
U n te rsch ied  zw ischen  dem  bereits au f d em  B a u m  befind lichen  L au b g ew ich t 
u n d  d er a u f  den B oden  gefallenen S treu m en g e  b e d e u te t. Diese S toffm enge w ird  
v e rm u tlic h  sow ohl d ie in  den v e rh o lz ten  T eilen  ak k u m u lie rte  M enge (w egen 
d e r R ü c k w a n d e ru n g  aus den  B lä tte rn  in  die v e rh o lz te n  Teile) als auch  die a u f  
die B o d en o b erfläch e  gelangende M enge (A u sw asch u n g  im  H erb st, an den  B ä u ­
m en e in se tzen d er A b b au ) m odifizieren.
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ASSOCIATION-ANALYSIS BASED 
ON THE USE OF MUTUAL INFORMATION

By

J .  P O D A N I

R E S E A R C H  IN S T IT U T E  F O R  B O T A N Y , H U N G A R IA N  A C A D EM Y  O F  S C IE N C E S , V Á C R Á T Ó T  

(R eceived  J a n u a ry  10, 1979)

A new  version of a sso c ia tio n -an a ly s is  is p resen ted . The d iv ision  p a ra m e te r  is 
defined  by m eans of in fo rm a tio n  th e o ry , th e  div isive species is t h a t  w h ich  h as  th e  
m ax im u m  sum  of m u tu a l in fo rm a tio n  w ith  all th e  o th e r species. A p p lica tio n  o f the  
m eth o d  is illu s tra te d  by  an  ex am p le . T he re su ltin g  h ie ra rch y  is co m p ared  w ith  a p re ­
v iously  pu b lish ed  one o b ta in ed  w ith  a n  agg lo m era tiv e  m eth o d  an d  w ith  th e  re su lt  of 
p rin c ip a l co m p o n en t analysis. J o in t  ap p lic a tio n  of a sso c ia tio n -an a ly s is w ith  several 
d iffe ren t num erica l m ethods is p roposed .

I. In tro d u c tio n

1.1. A ssocia tion-analysis (A A )  has been  one of th e  m ost w idely  used  c lass ifica tio n  
m eth o d s of p la n t ecology in th e  las t tw o decades. T he f irs t  version  of A A  w as th e  tech n iq u e  
of G o o d a l l  (1953) m odified by W i l l ia m s  an d  L a m b e r t  (1959, 1960), w hose m e th o d  m ay  be 
reg ard ed  as th e  m o st typ ica l m o n o th e tic  d iv is ive  s tra te g y . T he se t o f  v e g e ta tio n  sam p les is 
subd iv ided  in each  cycle of th e  analysis acco rd in g  to  th e  presence an d  absence o f a single 
species (key- o r d iv isive  species). M ain p ro b lem s of th e  d iffe ren t A  A  a lg o rith m s are  th e  c rite rio n  
for selection  of th e  divisive species an d  th e  defin itio n  of a m easure  for s to p p in g  fu r th e r  su b ­
div isions (“ s to p p in g  ru le” ). The div ision  p a ra m e te r  o f W i l l ia m s  and  L a m b e r t  w as d e fin ed  by

m ax (мл.)

i.e. th e  div isive species was th a t  w hich h a d  th e  m ax im u m  sum  of y 2 v a lu es c a lcu la te d  w ith  all 
th e  o th e r  species. A  subset o f sam ples w ere considered  hom ogeneous an d  i ts  d iv is io n  was 
ab an d o n ed  if  th e  m ax im um  value  of y 2 b e tw een  a n y  tw o species was less th a n  a f ix ed  value . 
O th e r b u t  sim ilar defin itions for d iv is ion  p a ra m e te r  and  sto p p in g  ru le  are lis ted  b y  L a n c e  and 
W il l ia m s  (1965).

1.2. Since th e  use of y2 has m a n y  d isa d v an tag e s , L a n c e  an d  W i l l ia m s  (1968) m odified  
th e ir  p ro ced u re  on th e  basis o f in fo rm a tio n  th eo ry . Follow ing S h a n n o n  (1948), th e y  defined  
th e  “ in fo rm a tio n  c o n te n t”  o f th e  se t E  o f m e n titie s  (e.g. v eg e ta tio n  sam ples) d esc rib ed  b y  n 
b in ary  a ttr ib u te s  (e.g. species) as

1(E)  =  nm  log m — 2J (k[ log ki +  (m  — k x) log (m  — k()) ( 1.2 . 1.)
i

w here /с,- is th e  n u m b er of en titie s  possessing  th e  i th  a tt r ib u te .  T he se t o f e n tit ie s  is d iv id ed  
in to  tw o su b se ts  E l a n d  E 2 according to  th e  p resence an d  absence of each  a t t r ib u te ,  th e  re d u c ­
tio n  of in fo rm a tio n  co n te n t (“ in fo rm a tio n  fa ll” ) is ca lcu la ted  in each case using  th e  re la tio n

Л1(Е1Ч Е ,ч E )  =  1(E) -  1(EX) -  / ( E 2) (1.2.2.)

and t h a t  d iv ision  is perform ed for w hich  A Î  is m ax im um . T he a u th o rs  su g g ested  th a t  2 /1 / 
could be used  as sto p p in g  rule in stead  of y2, b u t  th is  d e fin ition  m ay be s tro n g ly  c ritic ized  (cf. 
C o r m a c k  1971).
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1.3. More re ce n tly  n u m ero u s  au th o rs  cas t d o u b t  on  th e  ecological re liab ility  of g ro u p ­
ings o b ta in e d  w ith  A  A .  T h e  m a jo r  criticism  is th a t  th e  re su ltin g  h iera rch y  of v eg e ta tio n  sam ples 
is  n o t  necessarily  an  o p tim a l c lassification  because of th e  m o n o th e tic  and  div isive p rop erties  
o f th e  a lg o rith m  (C o e t z e e  a n d  W e r g e r  1975). I t  is e asy  to  see, how ever, th a t  there  is no 
p e rfe c t n u m erica l m e th o d  w hich  supersede all th e  o th e rs  in  ev ery  respec t. C onsequently , we 
do n o t  know  a prio ri t h a t  m e th o d  whose re su lt can  be  re g ard e d  as an  “ ecologically o p tim a l”  
c lass ifica tio n . T hus a b so lu te  d isreg ard  of A A  w ould  be  an  u n w a rra n te d  and  th o u g h tle ss  step  
in  sp ite  o f its  obvious d isa d v an tag e s . Jo in t ap p lic a tio n  o f A A  w ith  several d ifferen t agglom er- 
a tiv e  m eth o d s  and  o rd in a tio n  p rocedures seems to  be  a m ore reasonab le  w ay in v e g e ta ­
t io n  su rv ey .

1.4. In  th e  p re se n t p a p e r  I give a version  of A A  b a sed  on th e  m u tu a l in fo rm a tio n  
m easu re s  be tw een  a ttr ib u te s .  A new  defin ition  of d iv is ion  p a ra m e te r  is p resen ted  b u t  th e  
q u e s tio n  of sto p p in g  ru le  will re m a in  opened. T he m e th o d , w ith  re sp ec t to  its  re su lt, is p ro b a b ly  
closely  re la te d  to th a t  of L a n c e  a n d  W il l ia m s  (1968) a n d  co m p ariso n  of th em  req u ires  fu rth e r 
in v es tig a tio n s .

I I . A new  version of assoc ia tion-ana lysis

I I . 1. As m e n tio n e d  above  the  cen tra l  q u e s t io n  of A A  is th e  w ay  of se lect­
ing  th e  divisive species. I f  in fo rm ation  th e o re t ic a l  defin itions are used we 
o b ta in  a se lf -ex p lan a to ry  v a r ia n t  of division p a ra m e te r .  In each cycle of th e  
ana lys is  we obviously  h av e  to  search for t h a t  species which conta ins  th e  h ighest 
in fo rm a t io n  abou t th e  re m a in in g  species. Th is  one is t h a t  which has th e  m a x i ­
m u m  sum  of m u tu a l  in fo rm a t io n  values ca lcu la ted  w ith  th e  o thers. The m u tu a l  
in fo rm a t io n  be tw een  species s. and sk can be c a lcu la ted  using th e  p a ra m e te rs  
of th e  well-known 2 x 2  con tingency  tab le  as

ml(sj ;  sk) =  m log m -f- a log a +  b log b - f -  c log c _(- d log d -

-  {a +  c) log (a +  c) — (b +  d ) log (b +  d) —  ( I I . 1 .1.)

—  (a +  b) log (a +  b) — (c - f -  d) log (c +  d )

w here  m 
e te r  is

a - f -  b +  c +  d (cf. K u l l b a c k  1959). T hen  the  division pa ram -

m ax (11.1.2 .)

T h e  se t or subse t  o f  sam ples  is subd iv ided  acco rd ing  to  th e  selected species. 
T h e  ana lys is ,  w ith  a few exceptions,  can be  ca rr ied  ou t as fa r  as t h a t  every  
c lu s te r  con ta ins  only  one sam ple .  I f  th e  m a x im u m  sum  of m u tu a l  in fo rm ation  
va lu es  appears  a t  m ore  t h a n  one species we h a v e  to  exam ine  th e ir  d is t r ib u ­
t io n s .  I f  these  are sam e  or sym m etr ic  we can  re g a rd  every  species in question  
as d iv is ive  one. S u ppos ing  t h a t  the  d is t r ib u t io n s  are  d ifferen t and asym m etr ic  
the  su b se t  can n o t  be sub d iv id ed  fu r th e r  ( a u to m a t ic  s topp ing  rule). I t  is 
adv isab le ,  however, to  s top  th e  analysis a t  an  a rb i t r a ry  group size since the  
re la t io n sh ip s  a t  lower h ie ra rch ic  levels are u su a l ly  ou t of in terest .

Since th e  m easu re  I I . 1.2. decreases m on o to n ica l ly ,  reversals  are entire ly  
a b se n t  from  the  d en d ro g ram .
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I I . 2. C o m p u te r  p ro g ram  ASS IN F  has been w r i t te n  in F O R T R A N  IV 
language  for the  analysis  of veg e ta t io n  samples. T he  p ro g ram  accep ts  b ina ry  
d a ta ,  p r in ts  ou t th e  results  of each subdiv is ion  and  gives th e  d e n d ro g ra m  on 
th e  p r in te r .  This p rog ram  is availab le  from  th e  a u th o r  on req u es t .

I I I . A pplication o f A A  and  its com parison  w ith  o ther n u m erica l m ethods

111.1. The new version  of A A  was ap p lied  to th e  s tu d y  of a ro ck y  g ra sslan d  co m m u n ity  
n am ed  Seslerietum  sadlerianae from  H u n g a ry . 33 sam pling  u n its  o f 4 X 4 in size fro m  7 s tan d s 
were invo lved  in th e  analysis

s ta n d q u a d ra t No

I. Sashegy, B uda  H ills 1 - 5 .
II. H u n y ad o ro m , B uda  H ills 6 - 9 .

111. T ünd érsz ik la , B uda  H ills 1 0 - 1 4 .
IV. H á rm ash a tá rh e g y , B uda  Hills 1 5 - 1 8 .
V. N agykevély , Pilis H ills 1 9 - 2 3 .

VI. P ilis te to , P ilis H ills 2 4 - 2 8 .
V II. N aszály  Hill 2 9 - 3 3 .

M a trix  of th e  presence — absence d a ta  and  a m ap  illu s tra tin g  the  geographic  lo ca liza tio n  o f the 
s ta n d s  can be found  in a p rev ious p u b lica tio n  (P o d a n i, 1978). D endrogram  o f th e  q u a d ra ts  is 
show n in  Fig. 1.

F ig. 1. H ie rarch y  fo r q u a d ra ts  o b ta in ed  w ith  th e  new version of a sso c ia tio n -an a ly s is
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T he q u ad ra ts  lis ted  a b o v e  were form erly  su b je c ted  to  an  ag g lom era tive  c lassification  
(c e n tro id  sorting  a lg o rith m  u sin g  th e  w eighted d issim ila rity  in d ex , see P o d a n i  1978 for d e ta iled  
d e sc rip tio n  of the  m eth o d  a n d  fo r  th e  resu lting  d en d ro g ram ).

P e a r s o n  p ro d u c t-m o m e n t co rre la tions betw een q u a d ra ts  w ere also com puted . The co rre ­
la t io n  m a tr ix  was an a ly zed  b y  p rin c ip a l com ponent ana ly sis  (see D i x o n  1964). F o r our purposes 
i t  is su ffic ien t to exam ine  on ly  th e  f irs t  tw o com ponents w hich  acco u n t fo r a to ta l  o f 46%  of 
th e  v a ria n ce  in th e  d a ta . T he co m p o n en t scores are p lo tte d  on  th e  s c a tte r  d iag ram  of F ig . 2.

I I I . 2. We can see a t  a  g lance  on Fig. 1. th a t  th e  q u a d ra ts  are c lu s te red  accord ing  to  th e  
s ta n d s  w ith  the  only ex cep tio n  o f q u a d ra t  12. F irs t i t  seem s to  be a ty p ica l case of “ m isclassi- 
f ic a tio n ”  caused by th e  absence  o f H e lian th em u m  can u m  from  q u a d ra t  12 by  chance. T his 
q u a d r a t ,  how ever, has go t close to  s ta n d s  IV and V I in  th e  h ie ra rch y  o b ta in e d  w ith  th e  cen tro id  
so r tin g  m ethod  as well so t h a t  th e  possib ility  of m isclassifica tion  is su re ly  o u t of question . T his 
is s tre n g th e n ed  by th e  fa c t  t h a t  acco rd ing  to th e  f irs t tw o  co m p o n en ts  q u a d ra t 12 is nearest 
to  th e se  s tan d s am ong th e  q u a d ra ts  o f th e  rest.

T here  are some o th e r  re m a rk a b le  agreem ents b e tw een  th e  resu lts . F o r exam ple, s ta n d s  
I I  — I I I  and  I V, re sp ec tiv e ly , a re  closely re la ted  in ev ery  case. Good ag reem en t betw een  
A A  a n d  PCA  can be i l lu s tra te d  b y  in d ica tin g  th e  f irs t  fo u r d iv is ions on  th e  sc a tte r  d iagram
(Fig. 2).

T he only essen tia l d ifferen ce  betw een  the  c lassifications ap p ea rs  a t  th e  h ighest h ierarch ic  
level. A  A  p roduced tw o m ain  g ro u p s  of alm ost equal size acco rd ing  to  th e  presence and  absence

2 9  J U  3 2

3 3  31 2 7  2 5

V  V
1 5 )

//
/12

13

U

22 
U 3

10 8 PC I.

\  7

\% .
%

20 V
\

F ig . 2 . P rin c ip a l co m p o n en ts  o rd in a tio n  of q u ad ra ts . D o tte d  lines in d ica te  th e  su b seq u en t
d iv is ions by  assoc ia tion -analysis
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of H elian them um  canum . In  th e  h iera rch y  o b ta in ed  w ith  c en tro id  sorting  m eth o d  s ta n d s  IV 
an d  V I (w ith  q u a d ra t  12) are close to  each o th e r  as well b u t  th e y  are more sim ilar to  th e  g ro u p  
of s tan d s I ,  I I ,  I I I  a n d  V th a n  to  th e  s ta n d  of N aszály .

II1 .3. F inally , we can draw the follow ing conclusions from th e  results: 
(i) There are tw o extrem e types w ithin the com m unity  studied. T h ese are 

represented by the stand of N aszály and, on the other hand, b y  the  
stands o f Sashegy, H unyadorom , Tündérszikla and N agykevély . T he re­
m aining stands can be considered as transitions between the extrem e  
types.

(ii) According to  the classifications and ordination , we have the fo llow ing  
order o f the stands:

I and Y— I l — III— IV — V I— V II

(in) R esults can be explained satisfactorily on ecological, floristical and geo­
graphical basis. Stand V II is the only one w hich is grown on lim eston e, 
all the others are on dolom ite rocks. This stand  is nearest to the N orthern  
Range o f m edium  height therefore it contains 17 species which are absent 
from the other stands. Separation of IV and V I from the rest m ay be 
explained by the absence of num erous frequent species (e.g. F estuca pal- 
lens, Seseli leucosperm um , H elian them um  ca n u m , Silene otites, L in u m  tenu i-  
fo liu rn , F u m a n a  procum bens, Scorzonera austriaca , etc.) characterizing the  
vegetation  o f dolom ite rocks in general.

(iv) D ifferent num erical m ethods gave rather sim ilar and, for th is reason, 
w ell-interpretable results. Shortcom ings o f  each method can be reduced  
by the jo in t application of them  and th e  com parative evaluation  o f the  
results. Cases o f m isclassification by A A ,  for exam ple, should be treated  
w ith caution.
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NICHE STUDIES ON SOME PLANT SPECIES 
OF A GRASSLAND COMMUNITY. Y

T H E  P O S IT IO N  O F  T H E  S P E C IE S  IN  T H E  T H R E E -D IM E N S IO N A L  N IC H E  SPA C E *

By

I. P r é c s é n y i * , G . F e k e t e , F .  M o l n á r , Б .  M e l k ó  und К .  V i r á g h

* BOTANICAL DEPARTMENT OF TH E L. KOSSUTH UNIVERSITY, DEBRECEN 
RESEARCH INSTITUTE FOR BOTANY, HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT

(R eceived  N o v em b er 1, 1978)

The n iche w id th  an d  o v erlap  co n d itions o f nine species o f a san d y  m ead o w  are 
d ea lt w ith  in  th e  s tu d y  acco rd ing  to  th e  soil m o is tu re  co n ten t, th e  ro o t d e p th , a n d  as a 
th ird  axis th e  coverage of th e  d o m in a n t species ( Festuca vaginata), T he niche w id th  is th e  
g re a te s t on th e  th ird  axis in Carex stenophylla  an d  th e  sm allest on th a t  o f  Ccntaurea  
arenaria. T he av erage  overlap  v a lu es on  th is  ax is are  sim ilar; on th e  basis o f  th is , h a rd ly  
any  se p a ra tio n  can  he d e tec ted . T h e  position  of th e  species niche c e n tru m  in  th e  
3 -dim ensional niche space w as also s tu d ied  by  m eans of th e  E uclidean  d is tan c es  and  
c lu s te r analysis. Two species, t h a t  is, M edicago m in im a  and  T h ym u s  sp. fo rm  a c lu s te r  
in  each of th e  com b in a tio n s o f th e  3 axes; i t  seem s th a t  in resource u til iz a tio n  th e  tw o 
species overlap .

Introduction

T he resu lts  o f  th e  tw o-d im ensional n iche in v es tig a tio n s  of th e  nine species o f th e  sa n d y  
m eadow  have  been p resen ted  in th ree  p rev io u s s tu d ies  (F e k e t e  e t al. 1976; P r é c s é n y i e t 
al. 1977a, b).

As a th ird  d im ension  the  coverage of th e  d o m in a n t species, Festuca vagina ta , w as ta k e n  
in to  co n sid era tio n . I t  w as supposed th a t  th e  coverage of th e  d o m in an t species in flu en ces th e  
freq u en cy  of th e  species, and  th a t  th e  freq u e n c y  of even  Festuca  itse lf is n o t id en tica l in  each  
of th e  pe rcen tag e  v a lu es of coverage.

In  th e  p re sen t s tu d y  we firs t deal w ith  th e  niche ch arac te ris tics  o ccurring  on  th e  th ird  
ax is (coverage p e rcen tages), th en  using  th e  d a ta  o f th e  a u tu m n  sam plings (S e p tem b er 1976), 
w hich  h ad  a lread y  been  published p rev io u sly , discuss the  position  of th e  species in  th e  
th ree-d im en sio n al niche.

Material and Method

T he coverage o f Festuca vaginata  was e s tim a te d  w ith  regard  to  th a t  occu rrin g  in  th e  
p rev io u sly  described 100 sam ples of 5 0 x 5 0  cm 2 o b ta in ed  from  th e  san d y  m ead o w  of Tece 
(V á c rá tó t)  in 1976 (V I. 29, V II. 6 , an d  V II I .  31), an d  th e  species occurring  in th e  sq u a re  a rea s 
w ere reg is te red . The e s tim a tio n  of th e  coverage was carried  o u t w ith  a 5 %  acc u rac y  (T ab le  1).

O f th e  niche c h arac te ris tic s , th e  LEViNS-type B, an d  a 12 or a 21 (L e v in s  1968) as w ell as 
H o r n ’s in d ex  were used  (H orn 1966).

* Tece stud ies №  12.
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Table 1

Species frequency related to the coverage percentage o f  Festuca vaginata

Category coverage, % 0 19
и.

20 39
m .

40 59
IV.

6 0 -7 9
V.

80 Total

Festuca 10 46 26 14 4 100

Medicago 7 32 21 13 2 75

Thym us 6 41 22 12 4 85

Euphorbia 4 21 13 7 1 46

Carex 6 29 19 9 4 67

F um ana 5 15 6 3 0 29

Equisetum 1 6 7 6 0 20

Cynodon 3 27 12 6 1 49

Centaurea 1 11 3 1 0 16

T o ta l 43 228 129 71 16 487

Results

Niche w idth

O n th is axis th e  niche w id th  is th e  g reatest in  Carex, a n d  i t  is th e  sm allest in  Centaurea 
(T ab le  2, m ain  d iagonal). N iche  w id th  of Medicago is close to  t h a t  o f Carex. Also nearly  
id e n tic a l is the  niche w id th  o f E quisetum  and of Festuca.

Table 2

Community m atrix

Festuca Medicago Thym us Euphorbia Carex Fum ana Equisetum Cynodon Centaurea

Festuca 3.2216 0.9785 1.0241 1.0127 0.9761 1.0420 0.8892 1.0993 1.2242

M edicago 1.0127 3.3343 1.0356 1.0303 0.9913 1.0425 0.9425 1.1042 1.2087

T h y m u s 0.9728 0.9504 3.0601 0.9854 0.9495 1.0093 0.8604 1.0764 1.2038

E uphorb ia 0.9840 0.9672 1.0079 3.1302 0.9618 0.9275 0.8948 1.0804 1.1951

Carex 1.0188 0.9997 1.0433 1.0332 3.3625 0.8891 0.9209 1.1133 1.2265

F u m a n a 0.9221 0.8913 0.9403 1.0184 1.0487 2.8508 0.7619 1.0232 1.1735

E quisetum 0.9049 0.9268 0.9219 0.9373 0.8980 0.8762 3.2787 0.7598 0.9631

C ynodon 0.8915 0.8652 0.9190 0.9018 0.8650 0.9377 0.9535 2.6126 1.1337

Centaurea 0.7370 0.7030 0.7629 0.7404 0.7074 0.7983 0.5697 0.8460 1.9394
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N iche overlap

T he H o r n  in d ex  show ed high  v a lu es in  each of th e  species (T ab le  3). I f  we accep t th e  
average  overlap  values as th e  in d ex  of n iche sep a ra tio n , th a n  h a rd ly  any  se p a ra tio n  can  be 
s ta te d . T he difference be tw een  th e  tw o e x trem e  values: 0.0505 (T able 4). T he a u tu m n  ro o t 
d e p th  an d  soil m o is tu re  co n te n t show ed m u ch  g rea ter differences.

Table 3

Niche overlap values 
( H o r n  index)

Medicago Thymus Euphorbia Carex Fumana Equisetum Cynodon Centaurea

Festuca 0.9970 0.9978 0.9973 0.9977 0.9737 0.9473 0.9912 0.9590

M edic ago 0.9941 0.9989 0.9935 0.9684 0.9650 0.9877 0.9479

Thym us 0.9954 0.9972 0.9617 0.9448 0.9938 0.9606

Euphorbia 0.9930 0.9710 0.9565 0.9930 0.9155

Car ex 0.9605 0.9412 0.9847 0.9440

Fum ana 0.9045 0.9685 0.9695

Equisetum 0.9321 0.8654

Cynodon 0.9784

Table 4

Average overlap values o f  the species 
( H o r n  index)

Species Average

Festuca 0.9826

Medicago 0.9816

Thym us 0.9807

Euphorbia 0.9826

Carex 0.9765

Fum ana 0.9597

Equisetum 0.9321

Cynodon 0.9787

Centaurea 0.9475

C om m unity  m atrix

On th e  basis o f th e  c o m m u n ity  m a tr ix  (Tables 2 an d  5), th e  c o m m u n ity  effec t is th e  
h ig h est on  Carex, an d  th e  low est on Centaurea. T herefore, th e  g re a te s t  n iche w id th  goes to g e th e r 
w ith  th e  g re a te s t  co m m u n ity  e ffect, while th e  low est niche w id th  is accom pan ied  b y  th e  low est 
c o m m u n ity  effect. Centaurea has th e  h ig h es t species effect, while E quisetum  has th e  low est.
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Table 5

C om m unity  and species effect o f  the species

Community
effect

Species effect

Festuca 8 . 2 4 6 1 7 . 4 4 3 8

M edicago 8 . 3 6 7 8 7 . 2 8 2 1

T h ym u s 8 . 0 0 8 0 7 . 6 5 5 0

E uphorbia 8 . 1 1 0 6 7 . 5 6 8 6

Carex 8 . 4 0 4 4 7 . 2 3 8 5

F u m a n a 7 . 5 2 8 9 7 . 7 7 3 1

E quisetum 7 . 3 8 3 5 6 . 5 9 9 2

C ynodon 7 . 2 7 9 7 8 . 2 9 6 3

Centaurea 5 . 8 6 4 7 9 . 3 3 4 6

The species positio n  in  the three-dim ensional niche space

T h e  position o f  th e  n iche  centres of th e  species in th e  two- and  three- 
d im e n s io n a l  space is show n  in  Figs 1 and 2. Since th e  m e asu rem en ts  of th e  th ree  
ch a ra c te r is t ic s  were t a k e n  a t  d ifferen t tim es, D 2-analysis  could n o t  be applied 
to  t h e  d e te rm ina tion  o f  t h e  d is tances of th e  species from  one a n o th e r  in the  
th ree -d im en s io n a l  space. T h e  following m e th o d  w as chosen for its  es t im ation :  
t h e  m e a n  values of t h e  species was ca lcu la ted  in re la t ion  to  each of th e  ch a r ­
ac te r is t ic s  (the e s t im a t io n  o f  th e  niche cen tres) ,  these  m ean  values were 
s ta n d a rd iz e d ,  th en  f ro m  th e  s tan d a rd ized  d a ta  th e  E uc lidean  d is tances occur­
r in g  b e tw een  them  were c a lc u la ted  (Table 6). F u m a n a  s tan d s  t h e  fa r th e s t  from

Table 6

E u clid ea n  distance between niche centres o f  the species on the basis o f  three niche characteristics
( standardized values)

Medicago Thym us Euphorbia Carex Fum ana Equisetum Cynodon Centaurea

F estuca 0 . 5 2 7 0 . 6 6 6 2 . 4 7 0 1 .3 9 1 3 . 9 0 0 2 . 9 3 6 3 . 0 6 1 2 . 6 7 3

M edicago 0 . 1 7 3 2 . 3 7 4 0 . 9 9 3 3 . 9 8 7 2 . 7 3 5 2 . 9 9 8 2 . 7 7 8

T h y m u s 2 . 3 5 1 0 . 8 9 1 3 . 9 7 3 2 . 7 4 9 2 . 9 6 7 2 . 3 2 2

E up h o rb ia 1 . 6 8 4 2 . 0 2 3 1 . 1 8 3 0 . 6 8 3 1 . 5 8 8

C arex 3 . 4 8 5 1 . 8 9 8 2 . 2 9 8 2 . 4 2 3

F u m a n a 3 . 4 6 6 1 . 4 5 7 1 . 4 3 1

E q u ise tu m 2 . 1 3 3 3 .2 2 1

C ynodon 1 . 4 6 5
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Fig . 1. T he position  o f th e  n iche  cen tres  o f th e  species in  th e  tw o-d im en sio n a l n iche space. 
The n u m b ers  in  F ig . 1. a n d  2. re fe r  to  th e  o rde r  o f species i n  T ables.

th e  M e d ic a g o  and  in  genera l i t  sep a ra te s  from  m o st of th e  species. T he d is tan ce  
is th e  sm allest b e tw een  M e d ic a g o  an d  T h y m u s .  F e s tu c a , M e d ic a g o  an d  T h y m u s  

are  v e ry  n ea r to  one a n o th e r.
On th e  basis o f th e  d is tan ces , c lu ste r analy sis  w as ca rr ied  o u t using  th e  

m eth o d  o f S o k a l  an d  M i c h e n e r  (1958). T h e  n earn ess  o f th e  th re e  species 
m en tio n ed  above is in d ic a te d  b y  th e  fa c t t h a t  th e y  fo rm  a com m on c lu ste r 
(F ig . 3). T he E u p h o r b ia - C y n o d o n  p a ir  also fo rm s one c lu s te r. F o u r  o f  th e  nine 
species ( F e s tu c a , M e d ic a g o , T h y m u s  and  C a re x )  fo rm  a g ro u p  w ell-sep ara tin g  
from  th e  re s t o f th e  species. E q u is e tu m  differs from  th e  fo u r o th e r  species; 
i t  jo in s th e  E u p h o r b ia - C y n o d o n  an d  th e  F u m a n a - C e n ta u r e a  groups w ith  v e ry  
low  values.
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root depth

F ig . 2 . T h e  position  of th e  niche c en tre s  o f th e  species in th e  th ree -d im en sio n al niche space

s o i l  m o i s t u r e  r o o t  d e p t h  c o v e r

Fig. 3. D endrogram s o f th e  species stu d ied  in  one-d im ensional niche space

T h e  species pa ir  M edicago-Thym us  is in te res t ing :  i t  form s a c lus te r  in 
each  o f  th e  com binations o f  th e  th ree  niche axes (Fig. 4). These species -  
a c c o rd in g  to  even th e  d e n d ro g ra m s  given in our proceeding s tu d y  —  are to  be 
fo u n d  always in pairs, w ith  high s im ila rity  values, in th e  a u tu m n  exam in a t io n ,
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Fig. 4. D en d ro g ram s of th e  species s tu d ied  in  tw o- a n d  th ree-d im ensional niche spaces

a lth o u g h  to  th e  d en d ro g ram s we did n o t a p p ly  th e  n iche cen tres, n o r even  th e  
E uclidean  d is tan ces  ( P r é c s é n y i  et al. 1977b). To th is  species p a ir  jo in s  e ith e r  
Festuca , or C arex , or b o th . T he s ta te  o f M edicago  and  T hym us  n iche cen tre s  
being lo ca ted  side b y  side m ay be an  in d ic a tio n  th a t  th e y  use th e  sam e re ­
sources. T his su p p o sitio n  seem s to  be su p p o rte d  also b y  th e  fa c t th a t  th e  
p ro d u c t of th e  va lu es  o f species and  c o m m u n ity  effect is close to  1 in  th e  tw o 
species (T ables 7 an d  8); Ch r i s t i a n s e n  an d  F e n c h e l  (1977) exp la in s th is  in 
te rm s  of th e ir  resource  u tiliza tio n  th a t  th e  tw o  species overlap . T he s ta te m e n t 
o f  Ch r i s t i a n s e n  an d  F e n c h e l  th a t  th e  v a lu e  d en o ted  a  by  th em  can  be

Table 7

“ a "-values o f  the species (C h r i s t i a n s e n  an d  F e n c h e l , 1977)

F e s tu c a M e d ic a g o T h y m u s E u p h o rb ia C a r e x F u m a n a E q u i s e t u m C y n o d o n C e n t a u r e a

Festuca 0.857 0.800 0.320 0.558 0.178 0.280 0.206 0.357
Medicago 0.755 0.990 0.377 0.725 0.163 0.215 0.210 0.303
Thym us 0.713 0.994 0.381 0.734 0.179 0.216 0.220 0.275
Euphorbia 0.375 0.058 0.032 0.851 0.829 0.839 0.929 0.890
Carex 0.947 0.918 0.890 0.201 0.551 0.598 0.652 0.525
Fum ana 0.034 0.007 0.003 0.385 0.015 0.945 0.966 0.707
Equisetum 0.321 0.153 0.121 0.750 0.230 0.689 0.914 0.762
Cynodon 0.059 0.033 0.014 0.406 0.044 0.349 0.481 0.830
Centaur ea 0.228 0.177 0.135 0.535 0.198 0.405 0.790 0.772

Soil m oistu re  c o n te n t in the  to p  rig h t-hand  sem i-m atrix ; 
R oot d ep th  in th e  b o tto n  left-hand sem i-m atrix .
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Table 8

“ a "-values o f  the species (C h r i s t i a n s e n  a n d  F e n c h e l , 1977) coverage %

Medicago Thym us Euphorbia Carex Fumana Equisetum Cynodon Centaurea

Festuca 0.991 0.995 0.996 0.994 0.961 0.805 0.980 0.902

M edicago 0.984 0.996 0.991 0.929 0.873 0.955 0.850

T h y m u s 0.993 0.991 0.949 0.793 0.989 0.918

E uphorbia 0.994 0.945 0.839 0.974 0.885

Carex 0.932 0.827 0.963 0.868

F u m a n a 0.668 0.959 0.937

E q uisetum 0.724 0.549

C ynodon 0.964

h i g h e r  t h a n  1 h a s  s o  f a r  n o t  b e e n  e x p e r i e n c e d  b y  u s ,  a n d  i t  e v e n  c a n n o t  h e  

p o s s i b l e  a c c o r d i n g  t o  o u r  c o n s i d e r a t i o n s  i f  w e  e s t i m a t e  t h e  v a l u e s  b y  m e a n s  o f  

L e v i n s ’ f o r m u l a  (1968).
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MANNIA TRIANDRA (SCOP.) GROLLE IN HUNGARY

By

I. S il l e r

HO SI MINI! TEACHERS’ COLLEGE, DEPT. OF BOTANY EGER, HUNGARY 

(R eceived S ep tem b er 20, 1978)

M a n n ia  triandra  (Scop.) G rolle, a n  a lp in e -m o n tan e  e lem en t new  to  H u n g a rian  
b ry oflo ra  w as d iscovered  in  th e  B ü k k  M o u n ta in s (N E  H u n g ary ), w hich , acco rd in g  to  
its  d is tr ib u tio n  p a tte rn  an d  to i ts  h a b i ta t ,  seem s to be a g lac ia l relic  h e re , a t  600 m  
a ltitu d e .

F ro m  5 — 8 Ju n e , 1978, a W orkshop  M eeting  was held  for th e  b ry o lo g is ts  o f soc ia lis t 
co u n tries . D uring  one of th e  s tu d y  tr ip s  o f th is  m ee tin g , on 7 Ju n e  th e  a u th o r  d iscovered  an 
in te re s tin g  liv e rw o rt species new  for th e  H u n g a ria n  b ry o flo ra: M a n n ia  triandra  (Scop .) Grolle, 
in th e  B ü k k  M oun ta ins, on th e  E  faced d o lo m ite  cliffs o f V öröskő-H ill n e a r Ó m assa  village, 
a t  600 in a lt i tu d e  above  sea level. D rs. R . G r o l l e  a n d  J .  V a n a , p a r tic ip a n ts  o f th e  sam e tr ip , 
id en tified  th e  p la n t  te n ta tiv e ly  a lread y  in  th e  fie ld  a n d  th e  fu r th e r  s tu d ies  co n firm ed  th e ir  
s ta te m e n t. T he a u th o r  expresses her g ra ti tu d e  to w a rd s  th em  for th e  id en tif ic a tio n . 

B asionym on:
M archantia  triandra  Scop., FI. C arniol., A ufl. 2, 2: 354, No. 1356, ta b . 63 (1772).

S ynonym s:
G rim aldia triandra  (Scop.) L indenb . in  K e rn er, Sched. FI. E xs. A u stro -H u n g . 3: 159 (1884). 
D uvalia  rupestris  Nees, Ges. N a tu rf. F re u n d e  B erlin  8 : 271 (1817).
G rim aldia rupestris  (N ees) L in d en b ., N ova A c ta  Leop. 14, Suppl.: 108 (1829).
N eesiella rupestris  (N ees) Schiffn. in E n g le r a n d  P ra n t l ,  N a tü rl. P flan zen fam ., A ufl. 1: 33 
(1893).
M a n n ia  rupestris  (N ees) F ry e  an d  C lark, U niv . W ash . Pubis. Biol. 6 : 67 (1937).

D escription o f  the species:

A uto icous, re la tiv e ly  sm all p lan t. T h allu s sh o rt, h e a r t shaped , w ith  re p e a te d ly  d iv ided  
segm ents and  w ith  v e n tra l b ranches. Colour o f th a llu s  pruinose b lu ish  g reen , th e  surface  is 
d iv ided  in to  re la tiv e ly  large  areolae accord ing  to  th e  a ir  cham bers b en ea th . T he ep id e rm is is 
th in  a n d  o ften  lack ing , dehiscing above th e  cham b ers . A ir cham bers in  several lay e rs , w ith o u t 
filam en ts  o f p h o to sy n th e tic  cells. Pores su rro u n d e d  by  8 —9 th in  walled cells in  1 —2 rings. 
A ssim ilating  p ig m en ts  in to  a b o u t h a lf d e p th  o f th e  th a llu s . V en tra l scales sm all, t r ia n g u la r , 
hy a lin e  o r pale p u rp le , w ith  lanceo la te  ap p en d ag es a t  th e ir  apex , slim e pap illae  a t  th e ir  m arg in  
an d  w ith  pale b row n  oil cells. A n th e rid ia  in  sm all discs a t  the  ends o f  th a llu s  segm en ts. A rche- 
gonia covered  by  few , long scales a t  the tw o  ends. C arpocephalum  h em isphaeric , su rface  rough , 
w ith  ba rre lsh ap ed  pori. Spores b row n, 60 — 70 p m  in d iam e te r , w ith o u t well defined  a reo la tion . 
E la te rs  yellow ish b row n , 8 /un  w ide, w ith  2 — 3 sp ira ls . Chrom osom e n u m b er: 8 . (See F ig . 1.)

T he above species is easily  d is tingu ishab le  from  M a n n ia  fragrans  (B alb is) F ry e  e t  C lark, 
w hich is qu ite  com m on in H u n g ary . M a n n ia  fra g ra n sh d s  d a rk  green th a lli, w hen fresh , w ith  
fin e ly  papillose surface . I ts  a ir cham bers are  filled  w ith  assim ila ting  filam en ts , th e  ep iderm is 
cell walls a re  th ick en ed  w ith d is tin c t trigones, th e  v e n tra l  scales are m uch  la rg e r th a n  those  of 
M . rupestris , halfm oon  shaped  and  d a rk  p u rp le  v io le t in colour. T he th a llu s  o f M . fra g ra n s  is 
u su a lly  w ith  a scen t o f cedar-o il, while M . rupestris  is odourless.
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F ig . 1. M a n n ia  triandra  (Scop.) G rolle (a fte r  K. M ü l l e r  1952) — a: D orsal view of th a llu s  — 
b: T ra n s v e rsa l section  of assim ila tin g  tis su e  w ith  th e  a ir c h am b ers  — c: and  d: V en tra l scales —

e a n d  f: D orsal view  of pori

T h e ir  ecological requirements and habitats are also d iffe ren t. M a n n ia  jragrans  is a ty p ic a l 
x e ro p h y te  liv ing  on th e  open h u m u s g ro u n d  of slope s tep p es , am ong  th e  Festuca tussocks.

On th e  o th er h a n d , th e  H u n g a ria n  h a b ita t  o f M a n n ia  triandra  is a shady , m esophilous 
fo res t on  s teep  do lom itic  rocks, w ith  such , in H u n g a ry  ra re  an d , as glacial relic species t re a te d  
p la n ts  in  i ts  u n d e rg ro w th , as C irsium  erisithales, Atragene a lp in a , R ubus saxatilis  and  Calamag- 
rostis varia  (d o m in an t species). A ll th ese  p lan ts  are m ore com m on  only in  th e  spruce reg ion  of 
th e  C a rp a th ia n s  in S lovakia . M a n n ia  triandra  f its  well in  th is  relic  co m m u n ity  and  should be 
treated in  H u n g a ry , as an  a ltim ontane species w ith glacial relic character.

D istribution

M a n n ia  triandra  h as in E u ro p e  an  a lp ine  d is tr ib u tio n  p a tte rn .  I t  does n o t occur in 
S c a n d in a v ia , b u t  kno w n  from  J a p a n  a n d  also from  th e  U n ited  S ta te s  an d  Canada.

In  C entra l E u ro p e  i t  is s c a tte re d  in  th e  Alps (first o f all in  its  lim estone ranges), i t  occurs 
a t  m e d iu m  a ltitu d e s  in F ran ce , B ohem ia  an d  in G erm an y , i t  lives in th e  N o rth e rn , E a s te rn  and  
S o u th e rn  C a rp a th ian s  an d  in  several p laces of th e  B a lcan  P en in su la  (see Fig. 2).

I t s  u su a l h a b ita ts  are  th e  crev ices of lim estone  or o th e r  calciferous rocks o f re la tiv e ly  
h ig h  a lt i tu d e s  (up  to  2600 m  in S tey erm ark ). M ost o f th e  loca lities lie in th e  spruce fo res t or in 
th e  su b a lp in e  zone. A ccording to  th e  l ite ra tu re , i t  seem s to  p re fe r th e  sligh tly  basic soils. T he 
th a llu s  d is in te g ra te s  a f te r  rip en in g  th e  spores accord ing  to  G a m s . O ur specim ens were all sterile .

E u ro p e

F R A N C E : M assif C entra l, A uvergne, R offiac; S W IT Z E R L A N D : B ern , Tessin, W allis A lps; 
W E S T  a n d  EA ST  G E R M A N Y : M üggendorf (ty p u s), P o tte n s te in , K eh lheim , E c h s tä t t ,  N ebel­
h o rn , M ü nchen  and o th e r places in  th e  A lps; T h ü rin g e r W ald ; A U S T R IA : in all p rov inces; 
P O L A N D : K rkonose M ts.; C Z E C H O SL O V A K IA : K rk o n o se  M ts., H ru b y  Jesen ik , V elká 
F á t r a ,  N izké T a try , S lovensky  ra j,  L ip to v sk é  H ole, M ala F a t r a  M ts. betw een  600 and  1666 m  
a lt i tu d e s ;  SO V IE T  U N IO N : H o v erla  M ts. in  C a rp a th ia n  U k ra in ie ; R O M A N IA : B ucegi, 
C ib in u lu i an d  F ag araç  M ts. in  th e  S o u th e rn  C a rp a th ian s; Y U G O S L A V IA : D a lm atia , H rv a tsk a , 
S lo v en ia , B osna, C rnagora; B U L G A R IA : S o u th ern  P irin  M ts.; IT A L Y : Alps.
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Fig. 2. E u ro p ean  d is tr ib u tio n  o f M a n n ia  triandra  (Scop.) Grolle (o rig ina l)

N orth A m erica

C A N ADA : Q uebec and  O n ta rio ; U SA : E a s te rn  p a r t  to th e  M ississippi.

Asia

JA P A N : H okkaido  near Sapporo  (a t 250 m a ltitu d e!).
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WACHSTUMSANALYSE DER SONNEN- UND 
SCHATTENBLÄTTER VON QUERCUS CERRIS 

UND QUERCUS PETRAEA 
(1973 —  1975)*

Von

K. VlRAGH

FORSCHUNGSINSTITUT FÜR BOTANIK DER UNGARISCHEN AKADEMIE DER WISSENSCHAFTEN,
VÁCRÁTÓT

(E ingegangen : 20. J a n u a r  1979)

V orliegende M itte ilu n g  h a t  die B la ttf lä ch en - u n d  T rockengew ich tszunahm e der 
Sonnen- u n d  S c h a tte n b lä tte r  zweier E ic h en a rten , Quercus cerris u n d  Quercus petraea  
zum  G egenstand . Die W ac h stu m sch a ra k te ris tik a  R G R , N A R , L A R  u n d  R L G R  w urden  
b e rechnet, um  die p h o to sy n th e tisch e  P ro d u k tio n sd y n a m ik  verfo lgen zu können . Die 
gew onnenen E rgebn isse  geben A ufschluß ü b er die zeitliche  V erän d eru n g  de r E läclie, die 
A kku m u lie ru n g  o rg an isch er S ub stan z  u n d  die V erän d eru n g  der W ac h stu m sch a ra k ­
te ris tik a  von  B lä t te rn  de r einzelnen A rten , d ie aus S ch ich ten  m it u n tersch ied lichem  
L ich tg en u ß  s tam m en . E s w urde u n te rsu ch t, wie a u sg e p rä g t Ä h n lich k e it u n d  A bw ei­
chung zw ischen L ich t- u n d  S c h a tte n b lä tte rn  im  H in b lic k  au f die W ach stum svorgänge  
e inerseits u n d  zw ischen den beiden  E ich en a rten  an d ere rse its  sind. D ie W ach stu m s­
an alysen  w u rd en  1973, 1974 u n d  1975 d u rc h g e fü h rt. B la ttfäc h e  u n d  -gew icht w urden  
als fak to rie lle r V ersuch  ausgew erte t.

Es w urde fe stg es te llt, daß  die F läche v o n  S o n n e n b lä tte rn  s te ts  v iel k leiner ist 
als die von S c h a tte n b lä tte rn . T ro tz  der geringeren  F läch e  is t jedoch  deren  G ew icht 
im m er höher. Die P ro d u k tio n  von o rgan ischer S u b s ta n z  v e rlä u ft in  den S o n n en b lä tte rn  
m it g rößerer In te n s i tä t  u n d  G eschw indigkeit sowie h ö h erer W irk sam k eit. In  diesen is t 
im  V ergleich zu S c h a tte n b lä tte rn  der W ert fü r  R G R  höher. D as bezieh t sich auch  au f 
die N e tto -A ssim ila tio n sra te .

Die B lä t te r  b e ider A rten  zeigen in den W ach stu m sv o rg än g en  seh r viele gem ein­
sam e Züge. Die zeitliche V eränderung  der W ac h s tu m sch a ra k te r is tik a  is t in den drei 
U n te rsu ch u n g s jah ren  ähn lich . R G R  und  N A R  zeigen einen einer n eg ativ en  E x p o n en ­
tia lk u rv e  en tsp rech en d en  V erlauf. Im  H inb lick  au f die In te n s itä t  der G ew ich tszunahm e 
b estehen  kau m  U n te rsch ied e  zwischen beiden A rten . Ä hn lich k e it weisen die W erte  fü r 
R G R  u n d  N A R  auf. Bei Quercus cerris v e r lä u f t  d ie G ew ich tszunahm e allerd ings in 
S o n n e n b lä tte rn  schneller u n d  die W erte fü r R G R  u n d  N A R  sind höher als bei Quercus 
petraea. D er E n erg ieg eh a lt der S o n n en b lä tte r v o n  Quercus cerris is t s te ts  hö h er als der 
von Quercus petraea  (P a p p , L. B ., P a p p , M. u n d  T ó th  1976).

Einleitung

E in  zur S ch ä tzu n g  der P ro d u k tio n  von P flan zen  u n d  P flanzengesellschaften  an w en d ­
bares N äh eru n g sv erfah ren  is t  die W achstum sanalyse , m it d e ren  Hilfe die D y n am ik  der p h o to ­
sy n th e tisch en  P ro d u k tio n  ve rfo lg t w erden kann . Diese M eth o d e  w urde von  englischen Ö kolo­
gen (B lackm an , V. II . 1919, B r ig g s , K id d  und W e s t  1920, Gr eg o r y  1917, F is c h e r  1920, 
W illiam s  1946. W a tson  1952, 1958. 1959, Coom be 1960, W h it e h e a d  1962, V e r n o n  u n d  
Alliso n  1963, H u g h es  1967, B lackm an , G. E. 1968) a u sg e arb e ite t.

* S ík fő k ü t-P ro jec t N r. 48.
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D a s  w ich tig ste  C h a rak te ris tik u m  des W ach stu m s is t die re la tiv e  W a c h s tu m sra te  (re la ­
tiv e  g ro w th  r a te  =  R G R : B l a c k m a n , V. H . 1919, B r i g g s , K i d d  u n d  W e s t  1920). D iese is t 
ein  A u s d ru c k  fü r  das zeitliche A k k u m u lie ru n g sv e rh ä ltn is  von  organ ischer P r im ä rsu b s ta n z , fü r 
die W ach stu m sg esch w in d ig k e it. W ird  n ic h t m it G ew ichten , sondern  B la ttf lä ch e n  gerech n et, 
so e r h ä l t  m a n  die re la tive  B la ttf lä ch en -W ach stu m sg esch w in d ig k e it (re la tive  lea f g ro w th  ra te  =  
R L G R ) f ü r  e inen  bestim m ten  Z e itrau m .

D ie  R G R  k ann  zu einem  geg eb en en  Z e itp u n k t in  das P ro d u k t eines physio log ischen  
u n d  e in es m orpholog ischen  C h a ra k te r is tik u m s geg liedert w erden ( R a d f o r d  1967, E v a n s  1972, 
B r i g g s , K i d d  u n d  W e s t  1920).

D ie  physiologische K o m p o n e n te  is t  die N e tto -A ssim ila tio n sra te  (n e t a ssim ila tio n  ra te  =  
N A R ; B r i g g s ,  K i d d  und W e s t  1920, G r e g o r y  1926, E v a n s  1972), die die T ageseffiz ienz der 
N e tto p h o to sy n th e se p ro d u k tio n  des assim ilierenden  S ystem s au f eine A ssim ila tio n sfläch en e in ­
h e it  b e zo g e n  besch re ib t. Die N A R  is t  e in  seh r b ra u c h b a re r  A u sd ru ck  fü r die D ifferenz zw ischen 
tä g lic h e r  P h o to sy n th e se ra te  u n d  tä g lic h e r  R e sp ira tio n sra te  de r ganzen P flan ze . M itte lb a r 
d rü c k t  d iese  au ch  das P h o to sy n th e se v erm ö g en  der B lä tte r  aus.

D ie  a n d ere  R G R  b estim m en d e  K o m p o n en te  is t das B la ttf lä ch e n v e rh ä ltn is  (leaf area 
ra tio  =  L A R ). Dieses m orpholog ische C h a rak te ris tik u m  w ird als Q u o tien t v o n  A ssim ila tio n s­
fläch e  u n d  G ew icht der P flanze g e d e u te t  ( B r i g g s , K i d d  u n d  W e s t  1 9 2 0 , B l a c k m a n , G. E. 
1968). Im  fo lgenden  w erden die a llgem ein  g ebräuch lichen  A b k ü rzu n g en  der en g lischen  B e­
z e ic h n u n g e n  verw endet.

W ac h stu m san a ly se  w urde  b ish e r h a u p tsäc h lic h  an  ein- oder m eh rjäh rig e n  G räsern  
( B l a c k m a n , Y. H . 1919, B r i g g s , K i d d  u n d  W e s t  1920, W i l l ia m s  1946, B l a c k m a n , G. E. 
u n d  W i l s o n  1951, W a t s o n  1952, B l a c k m a n , G. E . u n d  K e m p  1955, C o o m b e  1960, E v a n s  und 
H u g h e s  1960, H u n t  und  C o o p e r  1967, B l a c k m a n , G. E . 1968, E g e d , K o l e k  u n d  D u d a  1970, 
E v a n s  1972) bzw . m it P ro p fu n g  o d e r  S c h n itt  gezogenen Säm lingen (C o o m b e  1960, M a g g s  
1960, R e e s  1963. J a r v is , P. G. u n d  J a r v i s , S. M . 1964, A n d o  1965, H u x l e y  1967, F a r m e r  
1975) d u rc h g e fü h r t .  F ü r B äum e bzw . B lä tte r  von B äu m en  w urde die W ac h stu m san a ly se  
b ish e r k a u m  angew andt.

D re i J a h re  h indurch  erfo lg te  a n  B lä tte rn  bzw. T rieb en  zw eier E ic h e n a rte n , Quercus 
petraea  u n d  Quercus cerris W ac h stu m san a ly se . Die E rfah ru n g e n  dieser drei J a h re  ze ig ten , daß  
a u ch  im  F a lle  von  B äum en bei B lä t te rn  u n d  e in jäh rig en  T rieb en  die »klassische« W a c h s tu m s­
a n a ly se  m it  ausreichender Z u v erlässig k e it v e rw en d e t w erden  kan n .

Z iel de r U n tersuchungen  w a r  es, In fo rm atio n en  ü b e r die A k k u m u lie ru n g  von 
o rg a n is c h e r  S u b stan z  in  den B lä t te rn  zw eier B a u m a rten , ü b er die A ssim ilia tio n s tä tig k e it der 
B lä t te r  u n d  die D ynam ik  der P h o to sy n th e se p ro d u k tio n  in  L au b k ro n en sch ich ten  m it  u n te r ­
sc h ied lich e m  L ich tgenuß  zu e rh a lte n . Die M essungen e rfo lg ten  d ah er p a ralle l an  Sonnen- und  
S c h a tte n b lä t te rn .  Aus den F läch en - u n d  G ew ich tsd a ten  w urden  die W a c h s tu m sc h a ra k te r is tik a  
(R G R , N A R , L A R . R L G R ) b e rech n e t.

D ie  U n te rsu ch u n g en  w u rd e n  im  R ah m en  des Ö k o sy stem -F o rsch u n g sp ro g ram m s der 
M A B ( J a k u c s  1973, J a k u c s  u n d  V i r á g h  1975) v o rgenom m en . Die u n te rsu c h te  W aldgesell­
s c h a ft  (S ik fö k ü t-P ro jec t)  is t ein u n g e fä h r  60 — 65jähriges in de r H ü g e llan d sch aft zw ischen  der 
U n g a r isc h e n  T iefebene und  dem  N ö rd lich en  U ng arisch en  M itte lgeb irge  in  der N äh e  v o n  E ger 
a u f  e in e m  300 m ü. M. au sg ed eh n ten  H ü g e l gelegenes Quercetum petraeae-cerris. Quercus petraea  
u n d  Q uercus cerris, die L a u b k ro n e n sc h ic h t b ild en d en  B a u m a rten  h ab en  e inen  D eck u n g san te il 
v o n  84 bzw . 16% .

P ro b e n e n tn a h m e  1 2

1. F ü r  beide A rten  w u rd en  je  d re i P ro b eb äu m e  m öglichst gleicher E n tw ic k lu n g  von 
ä h n lic h e m  H a b itu s  und  äh n lich er P h än o lo g ie  aus äh n lich er U m w elt au sgew äh lt. D ie B äum e 
w iesen  im  H in b lick  au f B la ttf lä ch e n - u n d  -g ew ich tsv erh ältn isse  n a tü rlich  in d iv id u e lle  V a ria ­
b i l i tä t  au f.

D ie  V a rian z  m ittle re r  F lä ch e n - u n d  G ew ich tsd a ten  der v o n  e inzelnen B ä u m e n  s ta m ­
m en d e n  B lä t te r  un tersch ied  sich a b e r  in  ke inem  J a h r ,  bei k e in e r E ic h en a rt u n d  a u ch  n ic h t in 
de r R e la t io n  Sonnen- und S c h a tte n b lä tte r .  A n h an d  von  B la ttflä ch e  u n d  -gew ich t k o n n te  die 
A u sg eg lich e n h e it der drei B äum e als gleich b e tra c h te t  w erden.

2. B la ttw a ch s tu m  u n d  P h o to sy n th e se v e rm ö g en  steh en  m it dem  v o n  de r S t r u k tu r  der 
L a u b k ro n e n sc h ic h t abhängigen  L ich te in fa ll, der d iffusen  u n d  d irek ten  L ich tm en g e  sowie deren  
V e rh ä ltn is  zu e in an d er in Z u sam m en h an g . A us diesem  G rund  w urden  bei je d e r  P ro b e n e n t­
n a h m e  v o n  oberen  äußeren  (S o n n e n trie b , S o n n e n b la tt;  H öhe von  ca. 16 m ) u n d  u n te re n  
in n e re n  s ta m m n a h e n  (S c h a tten tr ieb , S c h a tte n b la tt ;  H öhe von  ca. 6 m) B ereichen  P ro b e n  en t-

A c ta  B o ta n ic a  Academ iae S c ien tiarum  H u n g a rica e  25 , 1979



W A C H S T U M S A N A L Y S E  D E H  B L Ä T T E R  V O N  Q U E R C U S -A R T E N 145

nom m en . Bei jed e r  P ro b e n e n tn a h m e  w urden je  10 d e r  en tw ick e lts ten , bei S o n n e n tr ie b e n  der 
e n tw ick e lten  S p itzen trieb e  en tn o m m en .

3. D as E in sam m eln  des U n te rsu ch u n g sm ate ria ls  e rfo lg te  s te ts  triebw eise. D iese P ro b en -, 
e n tn a h m em eth o d e  w urde a u ch  d an n  fü r rich tig e r g e h a lte n , wenn die m ittle ren  B la ttm a ß e  
fe s tg es te llt w erden so llten  bzw . die W a c h s tu m sc h a ra k te r is tik a  fü r B lä tte r b e rec h n e t w urden . 
So w ar es m öglich, F läche  u n d  G ew icht der an  den T rie b e n  befindlichen B lä tte r  u n te rs c h ie d ­
lichen A lters  u n d  E n tw ick lu n g  w eniger su b je k tiv  zu b e rü ck sich tig en .

4. P ro b e n  w urd en  w äh ren d  der Phase  rasch en  W ac h s tu m s im  F rü h ja h r  ein- bzw . zw ei­
w ö ch en tlich , sp ä te r , als das F läch en w ach stu m  der B lä t te r  bere its  als beendet b e tr a c h te t  w er­
den k o n n te  (E nde  Ju n i)  im  a llgem einen  m o n atlich  e n tn o m m e n  (Tabelle 1).

Tabelle 1

Zeitpunkte der Probenentnahmen

1973 1974 1975

18. April 27. April 23. April

4. Mai 3. Mai 2. Mai

10. Mai 10. Mai

24. Mai 16. Mai 14. Mai

13. Ju n i 19. Ju n i 4. Ju n i

27. Ju n i 26. Ju n i 29. Ju n i

27. Ju li 25. Ju li 20. Ju li

23. Aug. 29. Aug. 29. Aug.

16. Sept. 25. Sept. 24. Sept.

Material und M ethode 1 2 3 4 5 6

1. Die B la ttf lä ch e n b e stim m u n g  erfo lg te m it d em  L ic h tp la n im e te r  (C z e l l ä r  u n d  P a p p  
L. B. 1975). In  den M essungen bzw . B erechnungen b ez ieh en  sich die F läch en w erte  e in h e itlich  
a u f  die eine Seite der B la ttsp re ite  (C a r l i s l e , B r o w n  u n d  W h i t e  1966).

2. In  allen drei U n te rsu ch u n g s jah ren  t r a t  eine s ta rk e  R au p en g rad atio n  au f, die die 
B lä tte r  in bed eu ten d em  M aße schäd ig te. Die R e k o n s tru ie ru n g  der u rsp rüng lich  u n b e sc h äd ig ­
ten  B la ttf lä ch e  erfo lg te  d u rc h  R egressionsanalyse . D ie e in ze ln en  E ich en arten  u n d  d e ren  aus 
Sonnen- u n d  S ch a tte n sch ic h te n  s tam m ende B lä tte r  w u rd e n  g e tre n n t b eh an d e lt. D ie R eg res­
sionsanalyse  e rfo lg te  an  e inzelnen  P ro b en en tn ah m en . N u r  d a n n  w urden a u fe in an d e r folgende 
Z e itp u n k te  zusam m engezogen , w enn wegen R a u p en sch a d en  seh r wenig ganze B lä t te r  zu r V er­
fügung  s ta n d e n  oder die F läch en zu n ah m e der B lä tte r  als b een d e t b e tra c h te t w erd en  k o n n te . 
G e tren n t w urden  auch  die Z usam m enhänge  zw ischen d en  ch arak te ris tisch en  M aßen  v o n  neuen , 
ju n g en  B lä tte rn  u n te rsu c h t, die sich nach dem  R a u p e n fra ß  en tw ickelten  u n d  a u ch  m o rp h o lo ­
gisch von  den  »alten« B lä tte rn  abw ichen.

Die B erechnungen  w u rd en  u n te r  V erw endung  d e r  linearen  F u n k tio n en  v o n  L änge- 
F läche, B re ite -F läch e  bzw . dem  P ro d u k t L änge X B re ite -F läc h e  (C a r l i s l e , B r o w n  u n d  
W h i t e  1966, K u b i ö e k  1971, K v e t -M a r s h a l l  1971) d u rc h g e fü h rt.

3. Die nach  B äu m en  u n d  Schich t g e tre n n te n  B lä t te r  w urden  48 S tu n d en  lan g  be i 85 °C 
g e tro c k n e t u n d  an sch ließend  gewogen.

4. Die m it Hilfe v o n  R egressionsgleichungen e rre c h n e te n , den u n b e sc h äd ig te n  B la t t ­
flächen  e n tsp rech en d en  G ew ichte  der du rch  R a u p e n fra ß  beein flu ß ten  B lä tte r  w u rd e  a n h an d  
de r a u f  1 ein2 B la ttflä ch e  en tfa llen d en  G ew ichte angeg eb en .

5. In  den U n te rsu ch u n g en  stellen m ittle re  B la ttf lä c h e  und  -gew icht d as M itte l aller 
u n b esch äd ig ten  u n d  re k o n s tru ie r te n  beschäd ig ten  B lä t te r  a n  je  30 Sonnen- u n d  S c h a tte n tr ie ­
ben , die zur P ro b e n e n tn a h m e  von  3 B äum en g esam m elt w u rd e n , dar.

6 . Die u n te rsu c h te n  W ac h stu m sch a ra k te ris tik a  w u rd e n  au fgrund  der in  T ab e lle  2 m it­
g e te ilten  F o rm eln  berech n et.

10 A cta  B otanica  A ca d em ia e  Scientiarum  H u n g a ria n ' 2 5 , 1979
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Tabelle 2

Mathematische D e fin itio n en  und E inheiten der W achstumscharakteristika

R e la t iv e  G row th  R ate l d W ln  W 2 — ln  W l
re la tiv e  W achstum srate W dt *2 *2

N e t A ssim ila tio n  R ate N A R
l d W В7,  — В7, ln  А г — ln А ,

N etto -A ssim ila tio n sra te A dt t„ — g  A ,  — A t

L e a f  A re a  R atio A A t +  a 2
B la ttf lä c h e n v e rh ä ltn is W W, +  W„

R e la t iv e  L ea f  G row th R a te R LG R yj
1 dA ln  A ,  — ln  A ,

A dt ~ í 2 11
re la tiv e  B lattflächen-W achs- 
tu m sg esch w in d ig k e it

g /g /T ag

g /cm 2/T a g

c in2/ g

cm 2/cm 2/T ag

E rgebn isse  und D iskussion

Quercus cerris L.

F lächen- und  Geivichtsveränderungen

D ie  zeitliche V erän d e ru n g  v o n  Gewicht u n d  F lä ch e  de r » D u rch sch n ittsb lä tte r«  von 
Q uercus cerris w ird in  T abelle  3 v o rg este llt.

D ie  F läch en zu n ah m e v e r lä u f t  im  F rü h ja h r  b e so n d e rs  rasch . Sowohl die S o n n en - als 
a u c h  d ie  S c h a tte n b lä tte r  e rre ich e n  b e re its  M itte J u n i  ih re  vo lle  E ntw icklung. D a n a c h  ä n d e rt

A b b . 1. Z eitliche  V erän d eru n g  v o n  F läche  (A) u n d  G ew ich t (B) »m ittlerer u n b esch äd ig te r«
B lä t t e r  von  Quercus cerris — 1973
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sich die m ittle re  B lattg rö ß e  im  L aufe der V eg eta tio n sp erio d e  n ich t m ehr w esentlich . D er Prozeß  
de r G ew ich tszunahm e ist dem gegenüber g em äß ig te r u n d  ab g estu fte r. In  beiden  L ic h tv e rso r­
g u n g ssch ich ten  e rre ich te  das B la ttg ew ich t e rs t gegen E n d e  J u l i—A ugust seinen m ax im alen  
W ert (A bb. 1).

Die zeitliche V erän d eru n g  der M itte lw erte  von  B la ttf lä ch en  und -gew ich ten  is t aber 
n ich t kon tin u ie rlich , sondern  w ird von s ta rk en  A bfällen  u n d  Schw ankungen c h a ra k te r is ie r t  
(T abelle  3). Die U rsache d a fü r is t, daß  die W achstum sprozesse  wegen des sch äd ig en d en  R au p en -

Tabelle 3

Zeitliche Veränderung von Fläche und Gewicht mittlerer unbeschädigter Blätter von Quercus cerris

Zeitpunkte
Fläche (cm2) Gewicht (g)

Sonnenblatt Schattenblatt Sonnenblatt Schattenblatt

1973 

4. Mai 2,45 2,45 0,0174 0,0174
10. Mai 7,94 11,21 0,0432 0,0540
24. Mai 13,55 17,35 0,1004 0,0941
13. Ju n i 13,91 18,76 0,1342 0,1147
27. Ju n i 13,93 16,29 0,1422 0,0989
27. Ju li 13,52 19,82 0,1526 0,1082
23. Aug. 13,76 17,98 0,1602 0,1328
26. Sept. 11,69 17,75 0,1550 0,1376

1974

3. Mai 2,43 3,98 0,0292 0,0332
10. Mai 5,71 6,87 0,0489 0,0510
16. Mai 11,36 14,30 0,0805 0,0898
19. Ju n i 24,70 26,66 0,1976 0,1784
26. Ju n i 28,01 26,85 0,2291 0,2050
25. Ju li 21,05 20,74 0,2593 0,1681
29. Aug. 24,77 30,23 0,2845 0,2314
25. Sept. 24,08 26,30 0,2260 0,2040

1975

2. Mai 1,96 2,15 0,0153 0,0269
14. Mai 12,78 15,02 0,0850 0,0798

4. Ju n i 23,44 27,58 0,1630 0,1707
29. Ju n i 20,01 27,42 0,1945 0,1962
20. Ju li 18,16 27,92 0,1935 0,2167

19. Aug. 17,86
11,74*
26,82 0,1977

0,0693*
0,1665

24. Sept. 21,12
11,37*
28,51 0,2258

0,0762*
0,2380

Fläche bzw. Gewicht neuer B lä tte r

12,25* 0,0894*

fraßes n ich t u n g estö rt verlau fen  ko n n ten . D er H ö h e p u n k t der R a u p en g rad a tio n  zeig te  sich 
im Mai, A nfang Ju n i u n d  even tuell E nde A ugust. K o n n te n  die neuen B lä tte r  v o n  d en  bere its  
en tw ick elten  g e tre n n t w erden u n d  w urden  diese hei de r B erechnung  der d u rc h sc h n ittlic h e n  
B la ttf lä ch e  (-gew icht) n ich t b e rü ck sich tig t, dan n  v e rä n d e rte  sich die m ittle re  G röße d e r B lä tte r  
ab  E n d e  Ju n i  n ich t m ehr (A hb. 2).

10* A cta  B otanica  A cadem iae  Scien tiarum  H unparicae 2 5 , 1979
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cm2

A b b .\2 .  Z eitliche V erän d e ru n g  d e r  F läche » m ittle rer u n b eschäd ig ter«  B lä tte r  von Quercus
cerris — 1975

9

Abb. 3. Z usam m en h an g  zw ischen  F läch e  u n d  G ew icht b e i » m ittle ren  unbeschädig ten«  B lä tte rn
v o n  Quercus cerris — 1973

Vergleich von Fläche u n d  Gewicht der Sonnen- u n d  Schattenblätter

T ro tz  R au p en fraß , d e r das W achstum  schädlich  b e e in flu ß te , sind die U n te rsch ied e  in  
d e r p h o to sy n th e tisc h en  T ä tig k e it  v o n  Sonnen- und S c h a tte n b lä tte rn  im H inblick  a u f  F lächen- 
u n d  G ew ich tsverhä ltn isse  au ssag ek rä ftig .

D ie erz ie lten  d re ijäh rig e n  V ersuchsergebnisse zeigen e in d eu tig , daß  die F läche v o n  S c h a t­
te n b lä t te rn  s te ts  w esen tlich  g rö ß e r u n d  deren W ach stu m  in te n s iv e r  ist als die de r S o n n e n b lä t­
te r . E in e  p rim äre  U rsache  d a fü r  is t  wohl, daß  der in  d e n  o b e ren  L au b k ro n en sch ich ten  besser 
w irk sam  w erdende, s tä rk e re , d ire k te  L ichteinfall eine h em m en d e  W irkung au f das F lä ch e n ­
w a ch s tu m  der S o n n e n b lä tte r  a u sü b t. Es is t an zu n eh m en , d a ß  bei der A usb ildung  k le in e re r 
B la ttf lä c h e n  n ich t n u r die L ich te in s trah lu n g , so n d ern  a u ch  de r xero therm e C h a rak te r  de r 
M ik ro u m w elt der S o n n en sch ich t eine Rolle spielen.

A c ta  B o tan ica  Academ iae S c ie n tia ru m  Hungaricae 25, 1979
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mg/tm2

Abb. 4. Zeitliche V erän d e ru n g  des a u f  eine B la ttf lä ch e n e in h e it en tfa llen d en  G ew ichts bei
Quercus cerris — 1973

Tabelle 4

Zeitliche Veränderung der a u f  die Flächeneinheit entfallenden Blattgewichte von Quercus cerris
(  mg/cm2)

Zeitpunkte Sonnenblatt Schattenblatt

1973

4. Mai 7,10 7,10
10. Mai 5,40 4,80
24. Mai 7,40 5,40
13. Ju n i 9,50 6,10
27. Ju n i 10,20 6,10
27. Ju li 11,30 6,50
23. Aug. 11,70 7,50
26. Sept. 13,10 7,90

1974

3. Mai 12,60 8,80
10. Mai 9,10 8,10
16. Mai 7,20 6,20
29. Mai 6,70 5,50
19. Ju n i 7,90 7,10
26. Ju n i 8,10 7,50
25. Ju li 12,10 7,90
29. Aug. 11,00 7,70
25. Sept. 9,50 7,90

1975

2. Mai 8,00 7,40
14. Mai 6,90 5,70

4. Ju n i 7,60 6,40
29. Ju n i 9,80 7,20
20. Ju li 10,70 7,90

5,90*
19. Aug. 11,10 6,70

6,70*
24. Sept. 10,70 8,60

7,20*

* G ew ichte von B lattflächeneinheiten  neuer B lä tte r

Acta  lio tanica  A ca d em ia e  S c ien tia ru m  H ungaricae 25, 1979



150 К .  V IR Á G H

D e r U ntersch ied  zw ischen Sonnen- u n d  S c h a tte n b la ttf lä c h e  v e r s tä rk t  sich  ab  A nfang 
J u n i  (A b b . 1), w ird doch die L au b sc h ic h tu n g  nach  der L ic h tin te n s itä t  m it  d e r L au b e n tfa ltu n g  
u n d  d e m  Schluß  der L au b k ro n e  im m e r au sg ep räg ter.

T ro tz  ih rer geringeren F läch e  is t  doch  das G ew icht de r S o n n e n b lä tte r  s te ts  höher als 
das d e r  S c h a tte n b lä tte r ;  ih re  G ew ich tszu n ah m e in ten siv e r. A u f gleiche F lä ch e n v e rä n d e ru n g  
e n tf ä l l t  b e i diesem  ste ts  eine g rö ß ere  G ew ich tsveränderung , w as die D a rs te llu n g  d e r F lächen- 
u n d  G ew ich tsverhä ltn isse  de r D u rc h sc h n it tsb lä t te r  v e ran sch au lich t (A bb. 3).

B esonders auffallend sind  d ie  U n te rsch ied e  zwischen Sonnen- u n d  S c h a tte n b lä tte rn , 
w en n  n ic h t  die jah reszeitlichen  V e rän d e ru n g e n  der F lächen  u n d  G ew ichte de r » D u rch sch n itts­
b lä t te r« , sondern  die au f eine B la ttf lä c h e n e in h e it  en tfa llen d en  G ew ichte u n te r s u c h t  w erden 
(T ab e lle  4, A bb. 4). E in  V ergleich  des T rockengew ich ts v o n  Sonnen- u n d  S c h a tte n b lä tte rn  
g le ich er F läch e  erg ib t s te ts  e inen  h ö h e ren  G ew ich tsan teil de r S o n n e n b lä tte r . A uffa llend  sind 
d ie h ö h e re n  Gewichte im  zeitigen  F r ü h ja h r  in  allen drei J a h re n  sowie d e ren  A bfa ll vo r dem  
sp ä te re n  a llm ählichen W ach stu m . E s  k a n n  angenom m en w erden , d aß  e in e rse its  die aus den 
K n o sp e n  en tw ickelten  k le in fläch ig en  B lä t te r  über R eservestoffe  v e rfügen  u n d  diese a n d ere r­
se its  u n m it te lb a r  nach ih rem  E rsc h e in en  noch  n ich t in der L age sind , ih re  n o rm ale  A ssim ila­
t io n s fu n k tio n  zu erfüllen bzw . die R esp ira tio n sv e rlu s te  im  T ro ckengew ich t auszugleichen .

W erd e n  m it A usnahm e der e rs ten  abfallende  D a ten  die W ach stu m sp ro zesse  der Ge­
w ic h tsv erä n d eru n g e n  m it e iner S ä ttig u n g sk u rv e  beschrieben (Sváb 1973), so sind  Aufschlüsse 
ü b e r  A bw eichungen  in der W ach stu m sg esch w in d ig k e it von Sonnen- u n d  S c h a tte n b lä tte rn  zu 
e rh a lte n .  B eim  Vergleich der R eg ressionskoeffiz ien ten  der zu einer G eraden  tran s fo rm ie rte n  
F u n k t io n e n  k a n n  festgeste llt w e rd en , d a ß  de ren  A bw eichung in  einem  G ren zw ahrschein lichkeit 
v o n  1 %  sig n ifik an te  W erte  zeig t (T abelle  5). Die G erade zeig t bei S o n n e n b lä tte rn  s te ts  einen

Tabelle 5

S ign ifikanzuntersuchung  der Abw eichung der Kegressionskoeffizienten ( b) der zu  Geraden trans­
fo rm ie r te n  Sättigungskurven  (“ b ”  =  R egressionskoeffizient — , db =  A bw eichung de r R egres­

sionskoeffizienten — , sd =  S tan d ard ab w eich u n g  der R egressionskoeffizienten)

db t Sd FG

Q uercus cerris

^Sonnenbl.~ “ ̂ Schattenbl. 
Q uercus pe traea

0,0093 4,65** 0,0020 8

^Sonnenbl. ^Schattenbl. 0,0050 2,24* 0,0022 10

S o n n enb latt

^Qu. cerris ^Qu. petr. 0,0059 3,41** 0,0017 9

S ch a tten b la tt

^Qu. cerris ^Qu. petr. 0,0016 0,65 + 0,0024 9

+ sign ifikan t in einem  G renzw ahrschein lichkeit von 10%
* sign ifikan t in einem  G renzw ahrschein lichkeit von 5%

** sign ifikan t in einem  G renzw ahrschein lichkeit von 1%

ste ile re n  V erlau f, d.h. die G ew ich tszu n ah m e erfo lg t in der S onn en sch ich t schneller (A bb. 5). 
D ie W irk sam k e it der T ro ck e n su b s ta n zp ro d u k tio n  is t in d iesen besser, w as a u ch  der höhere 
W e rt d e r ob eren  Grenze der S ä ttig u n g sk u rv e  anze ig t (Abb. 5). D er E n erg ieg eh a lt de r Sonnen­
b lä t te r  i s t  hö h er als der der S c h a tte n b lä tte r  (P a p p , L. B. — P a p p , M. u n d  T óth  1976h
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a b

Abb. 5. G ew ich tszunahm e der B la ttf lä c h e n e in h e it  v o n  Sonnen- u n d  S c h a tte n b lä t te rn  bei 
Quercus cerris — 1973. a: Zur G erad en  tra n s fo rm ie r te  S ä ttig u n g sk u rv e  (m  =  re la tiv e r 
U n sä ttig u n g sg rad )  — b: S ä ttig u n g sk u rv e  (A  =  ob ere  Grenze; M eßw erte — -f- b erechnete

D a te n )

V erla u f der W achstum scharakteristika

D ie W ac h stu m sch a ra k te ris tik a  v e rlau fen  b e i Sonnen- und  S c h a tte n b lä t te rn  zeitlich 
äh n lich  (T abelle  6 ).

D as M axim um  von  R G R - u n d  N A R -W e rte n  is t A nfang Mai, in  d e r P h a se  in tensiven  
W ac h stu m s zu  b eo b ach ten . A uch die L A R  e rre ic h t zu diesem  Z e itp u n k t bzw . 10 —14 Tage 
sp ä te r  ih ren  h ö ch sten  W ert u n d  zeigt w äh ren d  d e r  V egeta tionsperiode b is zu  d e ren  E n d e  fa l­
lende  T endenz. E ine  E rk lä ru n g  d a fü r is t, d a ß  die en d g ü ltig e  Größe de r B la t tf lä c h e n  rasch  e r­
re ic h t w ird  u n d  d a n ac h  h au p tsäch lich  G ew ich tszu n ah m e erfolgt. F ü r  d en  ze itlich en  V erlauf 
v o n  R G R  u n d  N A R  is t  ch arak te ris tisch , d a ß  sie e ine  e iner E x p o n en tia lk u rv e  äh n lich e  V erän d e­
ru n g  zeigen. Infolge der hohen  L A R -W erte  fä llt  d e ren  M axim um  im  zeitigen  F r ü h ja h r  p lö tz lich  
u n d  s ta rk  ab , das A usm aß  dieses A bfalls w ird  im m e r geringer. Die n iedrigen  W e rte  de r C harak­
te r is tik a  v e rän d e rn  sich ab  E nde  Ju n i  k a u m  noch .

E in  w ich tiger F a k to r , der den  N A R -W e rt b e s tim m t, is t die P h o to sy n th e se a k tiv itä t.  
W ah rsch e in lich  sind  auch  die N A R -S p itzen w erte  im  F rü h ja h r  Folgen e in e r h ö h e re n  A k tiv itä t  
de r B lä t te r ,  zu deren  u n m itte lb a re r  B estim m u n g  w u rd en  allerdings keine M essungen  du rchge­
fü h rt .

D er N A R -A bfall k a n n  von zwei gegen sä tz lich en  T endenzen h e rv o rg e ru fe n  w erden . M it 
d em  W ach stu m  e rh ö h t sich die P h o to sy n th e se a k tiv itä t  der B lä tte r, g le ich ze itig  n im m t aber 
au ch  die gegenseitige B esch attu n g sw irk u n g  d e r B lä t te r  zu. Als deren  E rg e b n is  s in k t die ab ­
so rb ie rte  L ich tm enge  a u f  einer B la ttf lä ch e n e in h e it, w as eine E in sch rän k u n g  d e r  P h o to sy n th ese  
b e d eu te t. In  der N A R  d rü c k t sich wegen d e r lan g e  Z eiträum e um fassenden  P ro b e n e n tn a h m e n  
a u ch  de r R esp ira tio n sv e rlu s t aus. D aher sp ie lt fü r  d ie in  der Som m erperiode c h a ra k te ris tisch e n  
au ß ero rd en tlich  n ied rigen  N A R -W erte  sicher a u c h  die gegenüber de r A ss im ila tio n  stä rk ere  
G e ltu n g  erlangende  A tm u n g  eine w ichtige R olle .
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Abb. 6. V erän d e ru n g  der W ac h s tu m sch a ra k te r is tik a  an  S on n en - u n d  S c h a tte n b lä tte rn  v o n
Quercus cerris — 1973

D ie  G eschw indigkeit des F läch en w ach stu m s der B lä t te r  u n d  der T ro ck en su b stan zzu ­
n a h m e  i s t  in  der zeitigen  V eg eta tio n sp e rio d e  am  h ö chsten , w as a u ch  du rch  hohe R L G R ^ - u n d  
R G R -W e rte  au sg ed rü ck t w ird . R L G R ^  w eist ein höheres M ax im u m  auf, und  ih r A bfall i s t  im  
V erg le ich  zu  R G R  viel s tä rk e r . D ies m a c h t  den U n te rsch ied  in  den  F lächen- u n d  G ew ich tszu ­
n a h m e n p ro ze ssen  deu tlich .

D ie  P h o to sy n th e se a k tiv itä t  de r n ach  dem  R au p en b e fa ll en tw ick elten  ju n g en  B lä t te r  
u n d  ih r  W ac h s tu m  is t im  V ergleich  zu  den  voll en tw ick elten  B lä t te rn  höher. D am it im  Z u sa m ­
m e n h a n g  s te h t  z.B. der höhere  p o sitiv e  W ert von N A R  u n d  R G R  im  Ju n i und Ju li  1973, de r 
sich  h a u p ts ä c h lic h  in de r S c h a tte n sc h ic h t zeigte (A bb. 6 ). D ie  neugeb ildeten  ju n g en  B lä t te r  
ze ig ten  k e in e  ju v en ilen  E ig en sch aften , ih r  L A R -W ert is t  r e la tiv  n ied rig , u n d  das ist der G ru n d  
d a fü r , d a ß  die N A R  im  J u l i  gering füg ig  ansteig t.

D ie  h au p tsäch lich  im  S c h a tte n n iv e a u  en tw ick elten  n eu en  B lä tte r  w ichen in  ih re r  
M orpho log ie  u n d  F u n k tio n  v o n  den  im  F rü h ja h r  u n d  im  Ju l i  au sg eb ild e ten  B lä tte rn  ab. D u rc h  
e rh ö h te  A ssim ila tio n stä tig k e it e rg än z te n  bzw. ü b e rn ah m en  sie die F u n k tio n  der b e sch äd ig ten  
B lä t te r .  D ie hohen  W ac h s tu m sc h a ra k te r is tik a  der im  J a h re  1975 v o n  den voll e n tw ick e lten , 
a lte n  B lä t te r n  g e tre n n te n  ju n g en  B lä t te r  w erden in T abelle  6 u n d  a u f  A bbildung 7 v o rg este llt. 
D ie N A R - u n d  R G R -W erte  v o n  Ju l i  u n d  A ugust k o m m en  an  die F rü h jah rs  w erte d ieser 
C h a ra k te r is t ik a  heran .

Vergleich der W achstum scharakteristika  von Sonnen- u n d  Schattenblättern

E in  V ergleich des V erlaufs d e r W a c h s tu m sc h a ra k te r is tik a  v o n  Sonnen- u n d  S c h a tte n ­
b lä t te r n  e r la u b t  die F e s ts te llu n g , d a ß  die L A R -W erte  bei S c h a tte n b lä tte rn  s te ts viel h ö h e r 
liegen . E in e  U rsache d a fü r is t ,  d a ß  ih re  F läche im  L aufe des g an zen  Ja h re s  größer is t als die
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T abelle  6

Zeitliche Veränderung der W achstumscharakteristika von Quercus cerris

Sonnenblatt Schattenblatt

RGR 1 N A R (x lO !) LAR RLGR RGR NAR(xlO *) LAR RLGR

1973

4. 5 . -  10. 5. 0,1515 0,0921 171,45 0,1959 0,1887 0,1059 191,31 0,2534
10. 5 . - 2 4  5. 0,0602 0,0389 149,65 0,0381 0,0396 0,0204 192,84 0,0311
24. 5 . - 1 3 .  6 . 0,0138 0,0117 117,05 0,0013 0,0094 0,0054 172,94 0,0039
13. 6 . - 2 7 .  6 . 0,0041 0,0041 100,72 0,0001 —0,0105 —0,0065 164,09 - 0,0100
2 7 .6 . - 2 7 .7 . 0,0023 0,0025 93.11 —0,0009 0,0086 0,0054 159,00 0,0065
27. 7 . - 2 3 .  8 . 0,0018 0,0021 87,21 0,0006 0,0013 0,0009 144,82 — 0,0036
23. 8 . - 2 6 .  9. — 0,0010 — 0,0012 80,74 - 0 ,0 0 4 9 0,0010 0,0008 132,13 — 0,0003

3. 5 . - 1 0 .  5. 0,0737 0,0733 104,22 0,1220 0,0613 0,0480 128,85 0,0779
10. 5 . - 1 6 .  5. 0,0831 0,0641 131,92 0,1146 0,0943 0,0638 150,35 0,1221
16. 5 . - 2 9 .  5. 0,1369 0,0252 147,12 0,0415 0,0441 0,0254 176,40 0,0546
29. 5 .- 19. 6 . 0,0199 0,0146 135,25 0,0112 0,0054 0,0032 166,72 -0 ,0 0 4 1
19. 6 . - 2 6 .  6 . 0,0211 0,0171 123,52 0,0179 0,0199 0,0142 139,56 0,0010
26. 6 . -  25. 7. 0,0043 0,0043 100,45 0,0098 -0,0068 — 0,0054 127,55 — 0,0089
25. 7 . - 2 9 .  8 . 0,0026 0,0031 84,25 0,0049 0,0091 0,0072 127,58 0,0114
29. 8 . - 2 5 .  9. — 0,0085 -0 ,0 0 8 9 95,69 - 0,0010 - 0 ,0 0 4 7 - 0 ,0 0 3 6 129,83 — 0,0051

2. 5 . -  14. 5. 0,1429 0,1006 146,95 0,1562 0,0906 0,0666 160,91 0,1619
14. 5 . -  4. 6 . 0,0310 0,0211 146,04 0,0288 0,0362 0,0209 170,05 0,0289

4. 6 . - 2 9 .  6 . 0,0070 0,0058 121,53 0,0063 0,0055 0,0037 149,90 — 0,0002
29. 6 , -  20. 7. - 0,0002 - 0,00022 98,37 0,0046 0,0047 0,0035 134,02 0,0008
20. 7 . - 1 9 .  8 . 0,0007 0,0008 92,07 -0 ,0 0 0 5 - 0 ,0 0 8 7 -0 ,0 0 6 1 142,84 -0 ,0 0 1 3

0,0031* 0 ,002 0* 158,83* — 0 ,001 0*
19. 8 . - 2 4 .  9. 0,0036 0,0040 92,04 0,0046 0,0090 0,0072 136,78 0,0016

0,0044* 0,0031* 142,63* 0 ,00 2 0*

* W achstum scharak teris tika  der neuen B lä tte r
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Abb. 7. V erän d eru n g  de r W ac h s tu m sch a ra k te r is tik a  a n  S on n en - u n d  S c h a tte n b lä tte rn  von
Quercus cerris — 1 9 7 5

der S o n n e n b lä tte r , das G ew ich t v e rh ä lt  sich u m g ek eh rt. V o m  oberen  zum  u n te re n  Teil der 
B a u m k ro n en sch ich t bzw . v o n  d en  Sonnen- bis zu den  S c h a tte n b lä tte rn  e rh ö h t sich die L A R  
a u f  u n g e fä h r  das 1,8 fache.

D ie W erte  fü r N A R  u n d  R G R  liegen in den S c h a tte n b lä t te rn  m eist n ied riger als in  den 
S o n n e n b lä tte rn . Der h ö h e ren  L A R  en tsp rechend  is t a u ch  d e r A bfall nach  den F rü h ja h rsm ax im a  
h ö h e r. Info lge  R a u p en fra ß  e r la n g te  die vertikale  S c h ich tu n g  der L ic h tin ten s itä t keine  au s­
gesp ro ch en e  G eltung. Die k le in e re  F läche der ju n g en  B lä t te r ,  ih r  G ew icht u n d  ih re  v e rs tä rk te  
A ssim ila tio n stä tig k e it h a t te n  a u c h  eine Schw ankung  v o n  m itt le re n  F lächen  u n d  G ew ich ten  
sow ie im  Som m er ein m eh rm alig es  H ochschnellen d e r R G R - u n d  N A R -W erte  zur Folge. Bei 
de r U n te rsu ch u n g  des zeitlich en  V erlaufs der beiden W a c h s tu m sc h a ra k te r is tik a  is t  die A nalyse 
de r A bw eichungen  n ich t zu v erlässig  genug. D eshalb w u rd e n  a n h a n d  der im  F rü h ja h r  gem esse­
n en  B la ttf lä ch e  und -gew ich t sow ie der zu E nde der V eg eta tio n sp erio d e  erre ich ten  F läche  und  
G ew ich tsp ro d u k tio n  de r B lä t te r  die fü r die e inzelnen J a h r e  ch arak te ris tisch en  R G R - und  
N A R -W e rte  berechnet:

Tabelle 7

Jahresm itte l der W achstum scharakteristika von Sonnen- und  Schattenblättern von Quercus cerris

Jahr
Sonnenblatt Schattenblatt

RGR NAR1®“ * LAR RGR NAR1» 1 LAR

1 9 7 3 0 , 0 1 5 0 0 , 0 1 6 0 8 2 , 0 2 0 , 0 1 4 2 0 , 0 1 0 7 1 3 0 , 3 2

1 9 7 4 0 , 0 1 4 2 0 , 0 1 4 4 1 0 3 , 8 7 0 , 0 1 2 5 0 , 0 1 0 0 1 2 7 , 6 5

1 9 7 5 0 , 0 1 8 5 0 , 0 1 8 0 9 5 , 7 2 0 , 0 1 4 4 0 , 0 1 4 0 1 1 2 , 4 9
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Abb. 8. Z usam m enhang  zw ischen F läche  u n d  G ew icht bei » m ittle ren  unbeschäd ig ten«  B lä tte rn
von Quercus petraea  1973

1 ■
____«___ .___ I___ .___ I___ I

IV. V. VI. VII. VIII. IX. Monat

Abb. 9. Z eitliche V erän d e ru n g  des au f eine B la ttf lä ch e n e in h e it e n tfa llen d en  G ew ichts bei
Quercus petraea — 1973

A us der Tabelle geh t h e rv o r, d aß  auch  bei den  Ja h re s m itte ln  s te ts  im  Falle  de r S c h a tte n b lä tte r  
die R G B - u n d  N A R -W erte  n iedriger sind.

Bei der U n te rsu ch u n g  der G ew ich tsveränderung  w urde  d a ra u f  h ingew iesen, daß  die 
G eschw indigkeit der A k k u m u lie ru n g  von o rgan ischer S u b s tan z  in  den S c h a tte n b lä tte rn  geringer 
und  auch  deren  W irk u n g sg rad  schw ächer is t. Das w ird au ch  von  den  U n te rsch ied en  zwischen 
R G R - u n d  N A R -W erten  bezüglich  der Sonnen- u n d  S c h a tte n b lä tte r  u n te rs tr ich e n .

Quercus petraea  (M att.) L iebl.

F lächen - und Gewichtsveränderungen

Die B la ttf lä ch en  von  Quercus petraea sind  w esen tlich  größer als die von  Quercus cerris. 
H ierbei h an d e lt es sich um  eine A rten sp ez ifitä t. Die L a u b e n tfa ltu n g  se tz t im  V ergleich zur 
Zerreiche u m  un g efäh r zwei W ochen frü h er ein , u n d  die B lä t te r  e rre ichen  eine dem  M axim um  
nahekom m ende F läche bere its  gegen E nde Mai.

In  der V erän d eru n g  de r m ittle ren  F lächen  u n d  G ew ichte sind  im  V ergleich zu Quercus 
cerris größere Schw ankungen  festzuste llen  (T abelle 8 ). D as is t eine Folge des s tä rk e re n  R a u p en ­
befalls an  den B lä tte rn  von  Quercus petraea; die U rsache d a fü r is t e inerse its  im  erw äh n ten  
phänologischen U n te rsch ied , an d ere rse its  dagegen im  abw eich en d en  an a to m isch en  A ufbau  der 
B lä tte r  beider E ich en a rten  zu suchen.
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D ie zeitliche V erän d eru n g  d e r G ew ich tszunahm e in  den  B lä tte rn  v e rh ä lt  sich hei 
Q uercus cerris u n d  Quercus petraea  ä h n lich . D as M axim um  der m ittle re n  B la ttg ew ic h te  w urde 
bei S o n n e n - u n d  S c h a tte n b lä tte rn  g le ich erm aß en  E n d e  Ju li  u n d  im  A u g u st fe s tg es te llt, wie das 
a u c h  b e i Quercus cerris der F a ll ist.

In n e rh a lb  der A rt zeigen sich  g u t  au sg ep räg te  U n te rsch ied e  zw ischen F läch en - u n d  
G e w ich tszu n a h m e  der Sonnen- u n d  S c h a tte n b lä tte r  bei Quercus petraea  äh n lich  wie bei Quercus 
cerris (T ab e lle n  8 , 9; Abb. 8 , 9, 10).

Tabelle 8

Zeitliche Veränderung von Fläche und  Gewicht mittlerer unbeschädigter B lätter von Quercus petraea

Fläche (cm2) Gewicht (g)

Sonnebl. Schattenbl. Sonnenbl. Schattenbl.

1973
18. April 2,28 3,11 0,0143 0,0204

4. Mai 17,29 29,99 0,0918 0,1310
10. Mai 23,86 26,64 0,1488 0,1475
24. Mai 25,61 35,54 0,1899 0,1834
13. Jun i 22,01 29,42 0,2231 0,2119
27. Ju n i 20 ,20 31,11 0,2121 0,2158
27. Ju li 20,90 30,18 0,2306 0,2297
23. Aug. 20,09 30,08 0,2202 0,2092
26. Sept. 19,18 30,17 0,2245 0,2529

1974
27. April 7,74 13,94 0,0495 0,0658

3. Mai 12,78 29,04 0,0769 0,1516
10. Mai 24,36 32,10 0,1605 0,1902
16. Mai 18,49 27,42 0,1381 0,1682
29. Mai 20,91 32,20 0,1679 0,2416
19. Ju n i 23,33 29,39 0,2089 0,2231

12,27* 22,50* 0,0687* 0,1283*
26. Jun i 23,66 28.99 0,2168 0,2353

11,76* 27,22* 0,0788* 0,1606*
25. Ju li 18,34 28.66 0,2226 0,2304

29. Aug. 20,92
15,14*
26,48 0,2362

0,0976*
0,2468

25. Sept. 23,82
18,39*
29,13 0,2447

0,1269*
0,2570

17,01* 25,51* 0,1480* 0,1888*

1975

23. April 5,99 5,39 0,0405 0,0353
2. Mai 20,04 21.84 0,0912 0,0866

14. Mai 25,81 30,02 0,1912 0,0866
4. Ju n i 30,14 30,48 0,2471 0,1966

29. Juni 25,81 29,41 0,2665 0,2328
14,72* 18,36* 0,0854* 0,0810*

20. Ju li 20,45 25,60 0,2021 0,2066
20,54* 21,78* 0,1755* 0,1185*

19. Aug. 24,22 27,76 0,2236 0,2409
15,25* 18,53* 0,1373* 0.1072*

24. Sept. 23,66 33,22 0,2604 0,2905
24,45* 24,67* 0,2333* 0,1699*

* Fläche bzw. G ew icht de r neuen B lä tte r
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Abb. 10. G ew ich tszu n ah m e der B la ttf lä ch e n e in h e it v o n  Sonnen- u n d  S c h a tte n b lä tte rn  bei 
Quercus petraea  1973; — a: Zur G eraden tra n s fo rm ie r te  S ä ttig u n g sk u rv e  (m  =  re la tiv e r  
U n sä ttig u n g sg rad ) b: S ä ttig u n g sk u rv e  (A =  obere  G ren ze ; M eßw erte; -f- b e rec h n e te  D a ten )

^ -2  S o n n e n  S c h a t te n

RGR NAR LAR

Abb. 11. V e rän d e ru n g  de r W ac h stu m sch a ra k te ris tik a  a n  Sonnen- u n d  S c h a tte n b lä tte rn
1973
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V eränderung  der W achstum scharakteristika

B ei S onnen- u n d  S c h a tte n b lä tte rn  von Quercus petraea  können  bezüglich des zeitlichen  
V erlau fs  d e r W ac h s tu m sc h a ra k te r is tik a  (Tabelle 10, A b b . 11) zu  Quercus cerris ä h n lich e  F e s t­
s te llu n g e n  g e tro ffen  w erden.

B ei v o rliegender A rt is t  a lle rd ings die L A R  s te ts  v ie l h ö h e r als bei Quercus cerris. D eren  
W e rt  e rh ö h t  sich in  der R ich tu n g  v o n  S o n n en b lä tte rn  zu S c h a tte n b lä tte rn  fo rtsc h re ite n d  w egen

Tabelle 9

Zeitliche Veränderung der a u f  die B lattflächeneinheit entfallenden Gewichte ( mg/cm2)  von Quercus
petraea

Zeitpunkte Sonnenbl. Schattenbl

1973

18. April 6,70 5,80
4. Mai 5,20 4,80

10. Mai 6.20 5,00
24. Mai 7,30 6,30
13. Ju n i 10,00 7,10
27. Ju n i 10,20 6,90
27. Ju li 10,60 7,50
23. Aug. 11.00 7,00
26. Sept. 11,40 8,10

1974

27. April 6,40 4,70
3. Mai 6,10 5,10

10. Mai 6,60 5,90
16. Mai 7,50 6,00
29. Mai 8,10 7,50
19. Ju n i 8,90 7,60

5,60* 5,70*
26. Ju n i 9,20 8.10

6,70* 5,90*
25. Ju li 12,00 8,10

6,50*
29. Aug. 11,30 9,60

6,90*
25. Sept. 10,30 8,80

8,70* 7,40*

1975

23. A pril 6,80 6,50
2. Mai 4,50 4,00

14. Mai 7,50 5,90
4. Ju n i 8,20 6,50

29. Ju n i 10,30 7,90
5,80* 4,50*

20. Ju li 10,00 8,10
8,50* 5,30*

19. Aug. 9,40 8,70
9,00* 5,80*

24. Sept. 11,00 8,80
9,30* 6,70*

* G ew ichte von F lächeneinheiten  n eu er Blä
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Tabelle 10

Zeitliche Veränderung der W achstumscharakteristika von Quercus petraea

1973

18. 4. — 4. 5.
4. 5.— 10. 5.

10 . 5. - 2 4 .  5.
24. 5.— 13. 6 .
13. 6 .— 27. 6 .
27. 6 .— 27. 7.
27. 7.— 23. 8 .
23. 8 .— 26. 9.

1974

27. 4. 1 OO СЛ

3. 5.— 10. 5.
10 . 5. - 1 6 .  5.
16. 5. - 2 9 .  5.
29. 5. - 1 9 .  6 .
19. 6 .— 26. 6 .

26. 6 .- 2 5 .  7.

25. 7. - 2 9 .  8 .

29. 8 .— 25. 9.

1975

23. 4. - 2 .  5.
2 . 5. - 1 4 .  5.

14. 5. - 4 .  6 .
4. 6 .- 2 9 .  6 .

29. 6 .- 2 0 .  7.

20 . 7. - 1 9 .  8 .
19. 8 . - 2 4 .  9.

Sonnenblatt | Schattenblatt

RGR NAR( X 10- *) LAR RLGR RGR NAR(xlO-*) LAR RLGR

0,1162 0,0654 184,44 0,1266 0,1162 0,0583 218,62 0,1416
0,0804 0,0466 171,03 0,0536 0,0197 0,0097 203,33 - 0 ,0 1 9 7
0,0174 0,0119 146,05 0,0050 0,0155 0,0083 187,91 0,0205
0,0080 0,0070 115,30 — 0,0075 0,0072 0,0044 164,33 — 0,0094

— 0,0036 -0 ,0 0 3 7 96,98 -0 ,0 0 6 1 0,0013 0,0009 141,52 0,0039
0,0027 0,0030 92,83 0,0011 0,0020 0,0015 137,57 — 0,0010

— 0,0017 — 0,0019 90,92 -0 ,0 0 1 4 — 0,0034 -0 ,0 0 2 5 137,29 — 0,0001
0,0005 0,0007 88,30 -0 ,0 0 1 4 0,0057 0,0044 130,38 0,0001

0,0734 0,0454 162,34 0,0835 0,1391 0,0695 197,70 0,1223
0,1051 0,0665 156,4 0,0921 0,0324 0,0181 178,87 0,0143

— 0,0250 — 0,0175 143,50 -0 ,0 4 5 9 — 0,0204 - 0 ,0 1 2 3 166,07 — 0,0262
0,0150 0,0117 128,75 0,0094 0,0278 0,0190 145,48 0,0123
0,0104 0,0088 117,41 0,0052 - 0 ,0 0 3 7 -0 ,0 0 2 9 132,52 — 0,0043
0,0053 0,0048 110,38 0,0020 0,0076 0,0060 127,35 -0 ,0 0 1 9

0,0320* 0,0186* 172,10* 0,0272
0,0009 0,0010 95,58 — 0,0087 — 0,0007 - 0 ,0 0 0 6 123,77 — 0,0004

-0 ,0 1 7 1 * -0 ,0 1 0 5 * 164,05* -0 ,0 0 0 6
0,0016 0,0020 85,57 0,0037 0,0019 0,0017 115,52 - 0,0022

0,0075* 0,0050* 149,35* 0,0055
0,0013 0,0014 93,03 0,0048 0,0015 0,0014 110,38 0,0035

0,0147* 0,0105* 139,05* 0,0121

0,0901 0,0484 197,64 0,1341 0,0997 0,0485 223,37 0,1554
0,0629 0,0376 160,65 0,0210 0,0589 0,0288 197,78 0,0265
0,0114 0,0090 126,78 0,0073 0,0053 0,0033 162,54 0,0007
0,0030 0,0028 108,93 — 0,0062 0,0067 0,0048 139,47 — 0,0014

— 0,0131 — 0,0133 98,71 - 0,0110 — 0,0056 — 0,0045 125,19 - 0 ,0 0 6 6
0,0343* 0,0246* 135,14* 0,0158* 0,0181* 0,0089* 201 ,2 0 * 0,0081

- 0 ,0 0 3 3 — 0,0032 104,93 0,0056 0,0051 0,0043 119,24 0,0027
0,0042 0,0043 98,92 —0,0006 0,0052 0,0045 114,75 0,004i
0,0147* 0,0137* 107,12* 0,0131* 0,0127* 0,0081* 114,75* 0,0079

W achstum scharak teris tika  der neuen B lä tte r
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der abw eich en d en  F läch en - u n d  G ew ich tsverhä ltn isse  b e id e r A rte n  sowie de ren  u n tersch ied li­
c h en  ökologischen A n sp rü ch en  in  geringerem  Maße als be i Quercus cerris, m ax im al n u r a u f  das 
1 ,6  fache.

D ie M axim a der N A R  u n d  R G R  der B lä tte r  sind  b e re its  E n d e  A pril festzuste llen . Diese 
E rsc h e in u n g  h ä n g t m it e in e r f rü h e re n  B elaubung  u n d  dem  E in se tz en  der P h o to sy n th e se tä tig ­
k e it  zu sam m en . Bei d ieser A r t i s t  d ie Tageseffizienz de r N e tto -A ssim ila tio n  (N A R ) in  Sonnen­
b lä t te r n  höher und  au ch  d e r V o rg an g  der G ew ich tserhöhung  (R G R ) v e r lä u f t ra sch er. Diese 
B e o b ac h tu n g e n  w erden a u ch  v o n  d e n  fü r  einzelne J a h re  c h a ra k te r is tisch e n  M itte lw e rten  der 
W ac h s tu m sra te n  u n te r s tü tz t:

Tabelle 11

Vergleich der Blattwachstumsvorgänge von Quercus petraea und Quercus cerris

Jahr
Sonnenblatt Schattenblatt

RGR NAR1« ’ LAR RGR NAR1« “ LAR

1973 0,0172 0,0166 89,86 0,0157 0,0122 121,77

1974 0,0158 0,0090 107,27 0,0090 0,0061 133,42

1975 0,0121 0,0111 98,53 0,0137 0,0108 118,50

V ergleichung der W achstum sprozesse  der B lä tte r  von Q uercus p e traea
und Q uercus cerris

B ei einem  V erg leich  b e id e r A rten  a n h a n d  d e r U n te rsu ch u n g en  k an n  fe s t­
g e s te llt  w erden, d aß  d iese  im  H inb lick  a u f  ih re  W ach stu m sv o rg än g e  zah l­
re ich e  gem einsam e Z üge aufw eisen . T ro tz  d er Ä h n lich k e iten  lassen  sich zw i­
sch en  den  A rten  au ch  g u t b em erk b are  U n te rsch ied e  nach  w eisen:

1. Beim  V ergleich d e r G ew ich te  von B la ttf lä c h e n e in h e ite n  be ider E ich en ­
a r te n  (Tabelle 12) k a n n  fe s tg e s te llt  w erden, d aß  bei den S c h a tte n b lä tte rn  sehr

Tabelle 12

Jahresm ittel des Gewichtes ( m gjcm -) von Blatlflächeneinheiten von Quercus cerris und Quercus petraea

Sonnenblätter (mg/cm2) Q u e r c u s  c e r r is Q u e r c u s  p e tr a e a

1973 9,50 8,70
1974 9,40 8,60

1975 9,30 8,50

Schattenblätter (mg/cm2) Q u e r c u s  c e r r is Q u e r c u s  p e t r a e a

1973 6.40 6.50
1974 7,40 7,10

1975 7,10 7,10
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ähn liche , bei den  S o n n e n b lä tte rn  dagegen  k o n se q u e n t fü r  Quercus cerris höhere  
W erte  e rh a lte n  w u rd en :

2. D ie G ew ich tsv e rän d eru n g en  w u rd en  m it H ilfe  einer S ä ttig u n g sk u rv e  
e rfa ß t, u n d  d u rch  den  V ergleich d er K o e ffiz ien ten  d er R egressionsgeraden  (b) 
e rh ie lten  w ir A ufsch luß  ü b e r A bw eichungen  in  d e r W ach stu m sg esch w in d ig k e it 
zw ischen den A rte n  (T abelle 5).

M it H ilfe d e r t-P ro b e  w urde fe s tg e s te llt, d a ß  in  den S o n n e n b lä tte rn  der 
U n te rsch ied  in  d er W ach stu m sg esch w in d ig k e it zw ischen  beiden A rte n  in  einem  
G ren zw ah rsch e in lich k e it von 10%  s ig n if ik an t is t ,  bei S c h a tte n b lä tte rn  b e s te h t 
dagegen  in  d er I n te n s i tä t  d er G ew ich tszu n ah m e k a u m  ein U n te rsch ied .

In  den  S o n n e n b lä tte rn  von Quercus cerris v e rlä u f t die G ew ich tszu n ah m e 
ra sch e r (die G erade  is t ste ile r), u n d  deren  W irk sa m k e it is t auch  h ö h e r  (die 
obere G renze lieg t höher).

3. In  den S c h a tte n b lä tte rn  sind  au ch  d ie  R G R - und  N A R -W e rte  bei 
be id en  A rten  n ah ezu  gleich, w äh ren d  in S o n n e n b lä tte rn  diese s te ts  b e i Quercus 
cerris hö h er sind  (T abellen  7, 11). A n h an d  d e r m it versch iedenen  N ä h e ru n g s ­
v e rfah ren  e rh a lte n e n  ü b ere in stim m en d en  E rg eb n issen  w urde an g en o m m en , 
d aß  die P h o to sy n th e se a k tiv itä t , d ie E ffiz ienz d e r A ss im ila tio n s tä tig k e it u n d  
die G eschw ind igkeit tier T ro c k e n su b s ta n z p ro d u k tio n  in S o n n e n b lä tte rn  von 
Quercus cerris h ö h e r sind . D er E n erg ieg eh a lt d ie se r B lä tte r  is t h ö h e r als der 
äh n lich e r B lä t te r  von  Quercus petraea  (4,95 k c a l bzw . 4,83 kcal, P a p p , L . B ., 
P a p p , M. u n d  T ó t h  1976). In  den S o n n e n b lä tte rn  von Quercus cerris w ird  die 
im  V ergleich  zu Quercus petraea  höhere P h o to sy n th e se tä tig k e it  auch  d u rc h  die 
B ild u n g  m äch tig e re r  assim ilierender G ew ebesch ich ten , h au p tsäch lich  e n tw ic k e l­
te re r  P a lisad en p a ren ch y m sch ich ten  e rm ög lich t.

Vergleichende A n a lyse  der Ergebnisse von drei U ntersuchungsjahren

F läch en - u n d  G ew ich tsv e rän d eru n g  d e r B lä t te r  von zwei E ic h e n a r te n  
w urden  drei J a h re  lan g  8 —lO m al jä h r lic h  an  B lä t te rn  der Sonnen- u n d  S c h a t­
te n tr ie b e  der U aubkrone u n te rsu c h t. Z u r v erg le ich en d en  A nalyse d e r dre i 
J a h re  (bezüglich  B la ttf lä c h e  und  -gew icht) w u rd e  m u ltiv a riab le  V a r ia n z a n a ­
lyse d u rc h g e fü h rt (T abelle 13).

Es w urde  die H y p o th ese  au fg este llt, d aß  in  den  V ersuchen die J a h r e  (A), 
Z e itp u n k te  (B) und  die Lage der B lä tte r  in S ch ich ten  m it u n te rsch ied lich em  
S tra h lu n g sa n g e b o t (C) die F lächen- und  G e w ic h tsd a te n  beein flussen , u n d  in  
ih re r  V arianz  neb en  dem  zufälligen F eh le r d ie  W irk u n g en  der e rw ä h n te n  F a k ­
to re n  u n d  deren  in  versch iedenen  K o m b in a tio n e n  a u ftre ten d e  W ech se lw irk u n ­
gen zum  A u sd ru ck  kom m en.

B ei be iden  A rten  w urde  folgendes fe s tg e s te llt:
I . 1. D er M itte lw e rt von B la ttf lä c h e  u n d  -gew icht k an n  in  a llen  drei 

P ro h e n e n tn a h m e ja h re n  als gleich b e tra c h te t  w erden .
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Tabelle 13

Ergebnisse der V arianzanalyse

Fläche unbeschädigter 
Blätter

Q u e r c u s
c e r r i s

Q u e r c u s
p e t r a e a

A J  ahre * * * ns

В Z eitp u n k te *** ***

C Sonnen- u n d  S c h a tte n b lä tte r * * * ***

А X В * * *

AxC ns * *

BxC ns ns

А X В X С ns ns

Gewicht unbeschädigter 
Blätter

Q u e r c u s
c e r r i s

Q u e r c u s
p e t r a e a

A Ja h re * * * ns

В Z eitp u n k te *** * * *

C Sonnen- u n d  S c h a tte n b lä tte r * * ns

А X В *** ns

AxC ns +

BxC ns ns

А X В X C ns ns

*** sig n ifik an t in  einem  G renzw ahrschein lichkeit von 0,1%
* sig n ifik an t in  einem  G renzw ahrschein lichkeit von 1%
* sig n ifik an t in  einem  G reznw ahrschein lichkeit von 5%  

sig n ifik an t in  einem  G renzw ahrschein lichkeit von 10%
ns n ich t sign ifikan t

2. Im  M ittel der Z eitpunkte und Jahre w urden signifikante U nterschiede  
in der F läche von Sonnen- und Schattenblättern  beobachtet.

3. Im  M ittel der Z eitpunkte erreichen die den Flächen entsprechenden  
G ew ich te der Sonnen- und Schattenblätter in keinem  Jahr in einem  Grenz­
w ahrschein lichkeit von 5% einen akzeptablen Unterschied. D as kann auch  
ausdrücken , daß das G ewicht der geringerflächigen Sonnenblätter —  w egen  
des in  ihnen  stattfindenden  intensiveren G ew ichtszunahm eprozesses —  den 
M ittelw ert der G ew ichte von größerflächigen Schattenblättern erreicht oder 
sign ifik an t übersteigt.

4 . D er M ittelwert der B lattflächen  zeigt bezüglich  Sonnen- und S ch atten ­
b lä tter  lediglich  zwischen den ersten drei bzw . v ier Probenentnahm ezeitpunk­
ten  e in en  signifikanten Unterschied. Im  F lächenw achstum  der B lä tter  von  
Q u e r c u s  p e t r a e a  ist bereits ab M itte Mai, hei Q u e r c u s  c e r r is  dagegen ab A nfang  
Ju n i k au m  Veränderung festzustellen  bzw. die Zunahm e ist für einen ak zep ta ­
blen U nterschied  nicht ausreichend.
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Ein signifikanter U nterschied der Fläche von Sonnen- und Sch atten ­
blättern  b esteh t hei Q u e r c u s  p e t r a e a  ah M itte Mai, hei Q u e r c u s  c e r r i s  ah M itte 
Juni. D as steh t im  Zusam m enhang m it einer immer stärkeren Schließung der 
Laubkrone, hauptsächlich der V eränderung der L ichtverhältnisse.

D ie G ewichtszunahm e ist ein im  Vergleich zur F lächenzunahm e lang­
samerer Vorgang. In allen drei Jahren unterscheiden sich nur die G ew ichte  
jedes zw eiten  aufeinander folgenden Probenentnahm ezeitpunktes in beiden  
Lichtversorgungsschichten signifikant.

II . 1. A u f Flächen- und G ew ichtsvarianzen übten unter den drei unter­
suchten Faktoren (Jahr, Probenentnahm enzeitpunkte, Lage in Sonnen- und  
Schattenbereich) die Probenentnahm ezeitpunkte die größte W irkung aus (Ta­
belle 13).

2. D ie Jahre und Zeitpunkte beeinflussen  nicht die W irkung von  Sonnen- 
und Schattenniveaus auf Flächen- und G ewichtsvarianzen. (Zwischen den F ak­
toren A — C und В — C wurde keine W echselw irkung beobachtet.)
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NOTICE: SIXTH SYMPOSIUM ON LIVING 
AND FOSSIL DIATOMS

BUDAPEST, HUNGARY. SEPTEMBER I 6, 1980.

T h is is th e  f ir s t  a n n o u n cem en t for th e  S y m p o siu m  on L iv ing  an d  Fossil 
D ia to m s to  be held  on S ep tem b er 1— 6, 1980 a t  th e  H u n g a rian  G eological 
Society  in  B u d a p e s t, H u n g a ry . S c ien tists  w ork ing  on th e  m orpho logy , ecology, 
h io s tra tig ra p h y  an d  ta x o n o m y  of L iving an d  F ossil D ia tom s are in v ite d  to  
a tte n d  th e  sym posium  an d  to  p resen t p ap ers  or d e m o n s tra te  th e ir  w ork . 
D ead line  fo r a b s tra c ts , M arch  1, 1980. F o r p re lim in a ry  reg is tra tio n  an d  su b ­
m ission of t itle s  o f c o n tr ib u te d  p ap ers  m ail to  D r . M á r t a  H a j ó s , H u n g a ria n  
Geological S u rvey  B u d a p e s t, P o s t B ox, 106. H u n g a ry  1442.
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RECENSIONES

M. L ittle . N. P aweletz, C. P etzelt, H . P onstigl, D. Schroeter . H .-P . Zimmermann ,  
(eds): M itosis: F a c ts  and  Q uestions. 1977, pp . 253. SPringer-Verlag: B erlin , H e id e lb erg , 
N ew  Y ork.

A n in fo rm al discussion of m itosis led  a sm all g ro u p  of research  w orkers to  o rgan ize  a 
m ee tin g  on th is  top ic . For th is  reason  th e  w ork sh o p  “ M itosis: F a c ts  and  Q u estio n s”  w as held 
a t  th e  G erm an  C ancer R esearch  C enter in  H e idelberg  from  A pril 25 — 29, 1977. N ine  in tro d u c ­
to ry  lec tu res  w ere given for th e  m ain  to p ics  follow ed by  ex tensive  discussions o f  fa c ts  and  
p rob lem s. T he ex p erim en ts in  p rogress w ere p re sen ted  as p o ste r d em o n s tra tio n s . In  th is  
vo lum e of th e  “ Proceedings in  Life Sciences”  series th e  in tro d u c to ry  lec tu res, d iscu ssio n s and  
p o ste r  a b s tra c ts  are published  by  th e  SPRINGER-Verlag, on pap er of excellen t q u a li ty .

T he f irs t  Session deals w ith  “ T he T im ing  of Cell Cycle E v en ts” p re sen te d  b y  J .  M. 
M it c h is o n . T he a u th o r  considers “ here  n o t w h a t h ap p en s  b u t  w hy it  h ap p en s , in  th e  sense 
of w h a t signal for d ivision is received b y  a g row ing  cell” . In  his lab o ra to ry  th e  d iv is io n  con tro l 
is s tu d ied  in  th e  fission  y eas t Schizosaccharomyces po inbe. A fter descrip tion  of th e  y e a s t and 
th e  cell cycle ev en ts  th e  role of cell size in d iv is ion  co n tro l is considered. T he d esc rib ed  re su lts  
suggest a sizer con tro l o p era tin g  on d iv ision . To resolve th is  prob lem  size m u ta n ts  w ere  iso la ted  
and  th e  effect o f n u tr ie n t sh ifts was s tu d ied . T he re su lts  p rov ide  evidence fo r sizers o p e ra tin g  
a t  th e  tim e o f n u c lear division. I t  is considered  D N A  sy n th esis  and  th e  sizer m a y  c o n tro l th e  
changes in  g row th  ra te , too.

“ Surface signals an d  cellu lar re g u la tio n  of g ro w th ”  is w ritten  by  C. M. E d elm an , P. 
D’E ustaciiio, D. A. McClain and  S. M. J azwinski . T he firs t p a r t  is th is  p a p e r  su m m arizes 
th e  ev idence fo r th e  ex istence of cellu lar s tru c tu re s  th a t  m ed ia te  th e  tra n sm e m b ra n e  co n tro l 
ev en ts . Specific cell surface recep to r p ro te in s  are su b m itte d  to  anchorage m o d u la tio n . An 
a p p ro p ria te  surface  m o du la ting  assem b ly  is in vo lved  in  th is  process. All o f th e  d a ta  d is­
cussed p rov ide  evidence for p a r tic ip a tio n  of co m p o n en ts  o f surface — m o d u la tin g  a ssem b ly  in 
g ro w th  co n tro l o f no rm al cells. In  tran s fo rm e d  cells a lte ra tio n  of the  surface  — m o d u la tin g  
assem bly  is im p o rta n t. F in a lly , th e  a u th o rs  d eal w ith  the  problem  of in ita tio n  of D N A  rep lica ­
tio n , an d  th e y  describe a useful assay  to  define  cy to p lasm ic  ac tiv a to rs  o f D N A  sy n th e s is  th a t  
a p p e a r  to  be su b jec ted  to  g row th  con tro l.

In  Section  3, H. F uge discusses th e  “ U ltra s tru c tu re  o f M itotic  Cells” . To u n d e rs ta n d  
th e  fu n c tio n  of th e  m ito tic  m echan ism  a know ledge of th e  fine s tru c tu re  o f m ito tic  cells and 
ty p es  o f sp ind le  m icro tubu les is ind isp en sab le . F irs t ,  o rg an iza tio n  of m ito tic  sp in d les  o f low 
eu k a ry o te s  is described. The A u th o r g ives in  d e ta il th e  e x tran u c lea r sp ind le  fo rm a tio n  of 
D inophyceac  as well as h y p e rm astig o te  flag e lla te s , th e  occurrence of in tra n u c le a r  a n d  “ o p en ” 
cell d iv ision  as well as in tra n u c le a r sp ind le  o rg an iza tio n . T he n e x t p a rts  o f th e  p a p e r  deal 
w ith  o rg an iza tio n  of th e  m ito tic  sp ind le  in  h ig h er p la n ts  and  anim als. T he d a ta  c learly  show  
th e  role o f m ic ro tu b u le  o rg an izatio n  cen te rs  in  sp indle  fo rm atio n  and th e  p rocess o f  a rra n g e ­
m en t, as well as, d is tr ib u tio n  of sp indle  m ic ro tu b u le s  d u rin g  m eta- an d  an ap h a se . D a ta  are 
g iven  for differences betw een  h igher p la n t  an d  an im al cells.

P ro b lem s of the  “ M icrotubule O rgan izing  C enters of th e  M ito tic  S p in d le”  a re  p re ­
sen ted  by  G. G. В о ris Y and R . R. Go u l d . In  th e  fo u rth  Section  recen t re sea rch  on  th e  sp a tia l 
re g u la tio n  of m ic ro tubu le  assem bly  in  m ito tic  cells is p resen ted . This process a p p e a rs  to  be 
co n tro lled  b y  p o s t- tran s la tio n a l m echan ism s. T h ere  are m icro tubu les th a t  fo rm  sp o n ta n eo u s ly  
b y  se lf-assem bly  requ iring  som e diffusib le n o n tu b u lin  fac to rs . On th e  o th e r  h a n d , th e re  are 
m ic ro tu b u le s  whose s ite -in itia ted  assem bly  is in it ia te d  b y  a nondiffusible m u c le a tin g  e lem en t.
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T hese re su lts  suggest t h a t  fo rm a tio n  of the  m ito tic  sp in d le  involves some m ic ro tu b u le  — 
o rg an iz in g  cen ters . T he ro le  o f cen trosom es and  k in e to c h o re s  in  th e  o rg an izatio n  of m ic ro ­
tu b u le s  o f  th e  m ito tic  sp in d le  is also discussed.

Sec tio n  5 is w r it te n  b y  J .  W . Sanger: “ N o n tu b u lin  M olecules in  th e  S p ind le” . T he 
f in d in g  of th e  cy top lasm ic  c o n tra c ti le  p ro teins suggest th e ir  im p o r ta n t  role in  cell m o tility . 
A c tin  a n d  m yosin  like p ro te in s  cou ld  be de tected  in  th e  sp in d le  a p p a ra tu s  of nonm uscle  cells. 
E le c tro n  m icroscopic te c h n iq u e s , flu o rescen t an d  im m u n o flu o re sce n t probes are th e  useful 
m e th o d s  fo r d e tec tin g  th e  a c tin  a n d  m yosin-like p ro te in  in  th e  m ito tic  cells. On th e  basis o f 
th e  re c e n t  e x p erim en ta l re su lts ,  ex p lan atio n s fo r ch ro m o so m e m ovem en t of m ito tic  cells 
are  g iven .

Sec tion  6 includes a s tu d y  of “ M itosis in  D iffe re n tia tio n , M orphogenesis, a n d  C ancer” 
p re se n te d  b y  F . Duspiva . “ T h e  q u estio n  arises w h e th e r th e  o n ly  purpose  of m itosis is to  d is­
t r ib u te ,  as pe rfec tly  as possib le , th e  genom e from  th e  m o th e r  cell to the  d a u g h te r  cells, or h as 
m ito s is  a d d itio n a l fu n c tio n s  e sse n tia l for d iffe re n tia tio n ”  a n d  m orphogenesis. T he second 
co n ce p t is su p p o rted  by  th e  ro le  o f spindle axis in  o r ie n ta t io n  in  d ifferen tia tio n . Processes of 
m orp h o g en esis involve d iffe re n tia l m itoses. Due to  th e  d iffe re n tia l m itosis a d e riv a tio n  in 
p h e n o ty p e  of cell p o p u la tio n s  occurs. The d iffe ren tia l m ito s is  is in fluenced  by  specific  c y to ­
p lasm ic  d e te rm in an ts . T he n u c lear-cy to p la sm ic  in te ra c tio n s  can  influence th e  m orp h o g en e tic  
c a p a c ity  o f nuclei. The a u th o r  em p hasises th e  role o f cell cycle resea rch  concerning d iffe ren tia ­
tio n . F in a lly , th e  p rob lem s of d iffe ren tia tio n  an d  can cer as a specia l case of d ed iffe ren tia tio n  
are  d iscussed .

R . B. N icklas focuses on  chrom osom e m o v em en ts  o f m itosis p resen ting  th e  Session 7. 
“ C hrom osom e M ovem ent: F a c ts  a n d  H ypo theses.”  T h e  a u th o r  review s th e  c u rre n t s ta tu s  of 
th re e  g en era l ty p es of h y p o th e se s  exp lain ing  ch rom osom e m o v em en ts  in an ap h ase . In  p ro ­
m e ta p h a se , how ever, th e  ch ro m o so m e m ovem ents m ay  be c o n tro lled  by  d ifferen t m echanism s. 
I t  is im p o r ta n t  “ to u n d e rs ta n d  th e  regu la tion  of th e  m o to rs , especially  in th e  co n tro l o f 
ch rom osom e velocity  an d  of C ongression  in p ro m e ta p h a se ” .

T he p ap er of J. R. McI ntosh includes a s tu d y  on “ M itosis in  v itro : Iso la tes an d  M odels 
o f th e  M ito tic  A p p a ra tu s”  (S ession  8 ). In  the  in tro d u c tio n  an  exce llen t glossary of th e  specific 
te rm s  is g iven. A clear d e sc rip tio n  o f th e  term s helps u s  to  u n d e rs ta n d  th is  to p ic  o f cyto logy . 
T he a u th o r  review s th e  iso la tio n  o f th e  m ito tic  a p p a ra tu s ,  th e  sp indle  and also som e ex p eri­
m e n ta l sp ind le  m odel sy s tem s. T he ex p erim en tal d e sc rip tio n s  are  followed by a discussion of 
sp in d le  m odels to  exp la in  th e  sp in d le  reg u la tio n  m echan ism s.

In  th e  las t session “ F u tu re  R esearch  on M itosis”  is d iscussed  by D. Ma zia . S tu d y  of 
m ito sis  is in sep arab le  from  e v e n ts  o f the  whole cell cycle. T he whole m ito tic  cycle can be 
d iv id ed  in to  tw o phases. In  th e  f ir s t  phase reg u la tio n  of tu rn in g  on the  steps o f chrom osom e 
re p lic a tio n s  an d  changes o f ch ro m osom e condensation  o ccu r. In  th e  second (so-called) d is tr ib u ­
tio n  p h a se  th e  sister ch rom osom es are  d is trib u ted  to  s is te r  nucle i. I t  is im p o rta n t to  s tu d y  th e  
tra n s it io n  ev en ts  re su ltin g  in  t r a n s it io n  from  th e  re p lic a tiv e  ph ase  in to  th e  d is tr ib u tiv e  phase .

I n  th e  fu tu re  m ore re sea rc h  is necessary to  know  th e  re la tio n sh ip  and co o rd in a tio n  of 
th e  chrom osom e cycle an d  th e  sp in d le  cycle. P rogress is e x p e c te d  is th e  research  of pole fo rm a ­
tio n  a n d  o rien ta tio n  of poles. F in a lly ,  perspectives o f p ro b lem s of m itosis are discussed.

T h e  papers p re sen te d  are  su p p o rted  by  a b u n d a n t  l i te ra tu re  and follow ed b y  wide- 
ra n g in g  discussions. T he sh o r t  a b s tra c ts  of th e  p re se n te d  p o ste r  d em o n s tra tio n s close th e  
v o lu m e. T he lec tu res an d  d iscussions of w orkshop a re  a b u n d a n tly  illu s tra te d  by  figu res o f 
firs t-c la s s  q u a lity .

T h is excellen t p u b lic a tio n  o f th e  SPRINGER-Verlag can  be h ighly  recom m ended  to  all 
in te re s te d  in  cell d iv ision , cell cycle d iffe ren tia tio n , m orp h o g en esis , u l tra s tru c tu re  of cells, 
p ro b lem s of m ic ro tubu les, c an c er a n d  also in cell p h y sio lo g y  as well as cy togenetics.

E . I. K ovács

H. E . F isch er : H eterosis. Y ol. 9 o f th e  series “ G enetik , G ru n d lag e , E rgebnisse u n d  P rob lem e 
in  E in ze ld a rs te llu n g en ” . F ischer  V erlag, Je n a  1978, 163 p p . 22 illu stra tio n s

A fte r  sh o rt h is to rica l su rv e y , th e  th eo re tical a n d  p ra c tic a l im p lica tions of he terosis are 
d iscussed  an d  sum m arized  in  e ig h t chap ters , b y  b o th  a  classical and  m o lecu la r genetica l 
a p p ro ac h . T he earlier, c lassical concep tions on he te ro sis , as well as the  occuring  no tio n s and  
d e f in itio n s  are  sum m arized  in th e  v a rio u s ch ap ters , w here  p a r tly  th e  term inology  is an a ly sed  
h is to rica lly , b u t the  n o tio n s c la rified  on the  basis o f th e  ex am p les and an a ly se s  w hich  are 
p re sen te d  also prom ote  th e  in te rp re ta tio n  of th e  c h a p te rs  in  succession. Form s a t  a gene level 
w h ich  p la y  a p a r t  in th e  h e te ro s is  occuring  in th e  in te r re la tio n sh ip  of geno- and p lasm a ty p es , 
th e  ro le  o f th e  su rro u n d in g s in  th e  developm en t o f h e te ro s is , m olecu lar genetical im p lica tio n s ,
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and  a few exam ples and  possib ilities o f th e  ap p lica tio n s in  p ra c tic e  of heterosis are con ta in ed  
in th e  various ch ap ters .

The earlier con cep tio n s ex p la in in g  th e  phen o m en o n  of h e terosis are a rran g ed , in tw o 
groups. The hy p o th eses based  on heterozygosis and  called  “ su p e rd o m in an ce” are classified 
in to  one of th e  g ro ups, and  th e  genetica l and  b iochem ical b a ck g ro u n d  of su p er-dom inance  is 
also described in d e ta il w ith  re sp ec t to  the  reg u la tio n  o f enzym e syn theses. The h y p o ­
thesis called “ d o m in an ce”  belongs in  th e  o th er g roup  w here  h e terosis is ex p la ined  by m eans 
of th e  ad d itiv e  effect of th e  d o m in a n t genes. On th e  basis o f th ese  conceptions, th e  c o n tin u a tio n  
of heterosis effect in th e  F 2 g en era tio n  can  also be exp la in ed . B o th  in te rp re ta tio n s  are such  
questions th a t  recu r in th e  c h a p te r  dealing  w ith m o lecu la r-g en e tical aspects.

In  ex am in ing  th e  p h enom enon  of heterosis, g en e-in te rac tio n s  can  be tak e n  in to  co n ­
sid e ratio n  from  several v iew po in ts. A given “ h a rm o n io u s”  in te ra c tio n , c o m p lem en ta rity , and  
fitn ess  are stro n g ly  m odified  by  th e  change in th e  gene co m b in a tio n s.

The balance  of enzym e levels, strongly  in fluencing  th e  physio logical s ta te , is linked  
w ith  heterosis as a  gene p ro d u c t. The su m m ary  co n ta in s a  n u m b er of exam ples from  p lan ts . 
Special form s can com e in to  ex is tence , as e.g. hom ogam etic  he te ro sis  in  th e  case of Oenothera, 
w here owing to  th e  rin g  connection  of th e  chrom osom es th e  com ple te  genom e fu n c tio n s as 
a com plex.

The differences in  th e  heterosis effects am ong th e  rec ip ro ca l h y b rid s  are in d ic a tio n s  of 
th e  h a rm o n y  and  of th e  p resence of possible in te rac tio n s  am o n g  p lasm a ty p e , genom e and  
p lasm on. In  c e rta in  ex am p les, th is  d ifference can  be tra c e d  b ack  to o rganellum  ty p es , e.g. 
m ito chondrion  in  Sorghum  species.

F ro m  th e  v iew p o in t of p h en o ty p ic  influence, fitn ess , th e  e n v iro n m en t influences h e te ro ­
sis acting  as a c rité riu m  in  th e  rea liza tio n  of actions a t  a gene level. A d ap tiv e  h e terosis, th e  
in tro d u c tio n  and  e x p la n a tio n  of th e  no tio n s of eu- an d  p seu d o h e te ro sis  are con ta in ed  in th is  
sphere  of topics and  are d e a lt w ith  by  th e  au tho r.

A sep ara te  c h a p te r  w ith  a n u m b er o f illu s tra tio n s  co n ta in s  th e  th eo re tica l considera tions 
re la te d  to th e  u tiliz a tio n  of heterosis for an im al h u sb a n d ry  a n d  p la n t breeding.

T here are m ore th a n  300 item s of references in d ic a tin g  th e  com prehensive  e lab o ra tio n  
of th e  top ic ; am ple  in te rp re ta tio n s  an d  exam ples a t a classical and  a m olecu lar level are 
p rov ided .

A. H . N agy

N. W. T im o f e e f f -R esso v sk y  — A. N. J ablokov  N. V. G l o t o v : G rundriss der P o p u la tio n s­
lehre. V E B  F isc h e r  V erlag, J e n a  1977, 266 pp (w ith  89 illu s tra tio n s)

Volum e 8 of th e  series “ G en etik ”  ed ited  by Prof. H . S t u b b e , an d  published  by  V E B  
G u stav  F isc h e r  V erlag  (G I)R ), is a tra n s la tio n  of the  book e n tit le d  O cerk ucen iya  о p o p u ljac ii 
(Moscow 1973).

Books w ith  a s im ilar t it le  have  been published  in  g re a t n u m b er — p a rtic u la r ly  in 
E ng lish  in th e  p a s t tw o decades. In  1973 even in th e  G D R  a high-level book on p o p u la tio n  
genetics was published  (I). S p e r l ic h : P o p u la tio n sg en e tik , S tu t tg a r t  1973), also by  G u s tav  
F is c h e r  Verlag. C onsidering  th is , th e  book of T im o f e e f f -R e s s o v s k y , J ablokov  an d  G lotov 
is in  m an y  resp ec t a step  b ack w ard s, a lth o u g h  in som e o th e r  a sp ec ts  i t  is also an  a d v an c em e n t.

The book is d iv id ed  in to  5 la rger ch ap ters . T he f i r s t  one e n title d  B iosphere — Bio- 
geocenosis—Biocenosis- P o p u la tio n  approaches th e  E a r th  fro m  th e  space and fina lly  reaches 
th e  concept o f p o p u la tio n , th e  ch arac te ris tics  of w hich are  o u tlin e d  in  C hap ter Two e n tit le d  
P o p u la tio n , C h ap te r T hree  (P o p u la tio n  G enetics) gives e le m en ta ry  basic know ledge of 
th e  sub ject.

C hap ter F o u r e n title d  P o p u la tio n -P h en e tic s , is r a th e r  u n iq u e , dealing w ith  a su b je c t, 
u su a lly  no t even to uched  upo n  in o th e r popu lation  biological books. M any of th e  expressions 
in th is  ch ap te r  — like phenofond  an d  gene-fond are  h a rd ly  in  use now adays. T he la s t  
c h ap te r  e n titled  P o p u la tio n s  — E v o lu tio n  — S y stem atics d iscusses th e  ty p es an d  fac to rs  of 
spécia tion . E ach  c h a p te r  ends w ith  “ closing re m a rk s”  su m m ariz in g  th e  p reced ing  discussion.

W h at is m o st m issing  in  th e  book is the  en d av o u r to give e x ac t fo rm u la tio n s . P o p u la tio n  
b iology is one of th e  few  biological disciplines w here th e  ru les  can  be expressed  by s im p le r or 
m ore com plex m a th e m a tic a l eq u atio n s. Such b io m a th e m a tic a l t r e a tm e n t of p o p u la tio n s has 
long trad itio n s ; also in  th e  a u th o rs ’ co u n try . T he a u th o rs  do n o t follow th is t re n d  b u t  th ey  
r a th e r  choose th e  m u ch  m ore lose v e rb a l so lu tion  in s tea d  o f th e  m ath e m a tic a l expression . 
In  th is  w ay such essen tia l b asic  know ledge is p rac tica lly  le ft o u t  o f considera tion  as for exam ple  
th e  ex p o n en tia l a n d  log istical g ro w th  equ atio n s o f th e  p o p u la tio n s , those  of th e  various ty p es  
o f selection and  of th e  ran d o m  processes, the  m o st fu n d a m e n ta l fo rm u la tio n s o f th e  in te r ­
re la tio n sh ip s in p o p u la tio n s , as for exam ple  the  LoTKA—VoLTERRA-type eq u atio n s, etc.
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I t  is a t  th e  sam e tim e  a p o sitiv e  fe a tu re  o f th e  book th a t  th ere  are fie ld  obse rv a tio n s 
in  g r e a t  n u m b er, w hich are  i llu s tra tiv e  ex am p les of th e  p o p u la tio n  d y n am ics fro m  various 
a sp e c ts .

M ost o f th e  illu s tra tio n s  in  th e  book  are  ta k e n  from  T im o f e e f f -R e s s o v s k y ’s earlier 
p u b lic a tio n s  and , g iven in  co llection , th e y  re p re se n t a rem ark ab le  va lue  of th e  bo o k , p a r tic u ­
la r ly  fo r  us, because th e y  are  m a in ly  E u ro p ea n  exam ples.

T h e  book of T im o f e e f f -R e s s o v s k y , J a blo ko v  an d  Glotov  can  be reco m m en d ed  to 
tw o  ty p e s  o f readers, f i r s t  to  th o se  w ho w ould  like to  know’ so m eth ing  of p o p u la tio n  b iology b u t  
co u ld  be frig h ten ed  aw ay  fro m  th is  even  b y  a sim ple e x p o n en tia l e q u a tio n  describ ing  the  
p o p u la t io n  grow th ; and  second, to  read e rs  w ho are  specia lists o f p o p u la tio n  b io logy  b u t  who 
co u ld  use th e  book as a su p p le m e n ta ry  illu s tra tiv e  collection  of exam ples.

G. V id a

B e w l e y , J .  D. and  B la ck , M.: P h y sio lo g y  a n d  b io ch em is try  of seeds in re la tio n  to  g e rm in a­
t io n . I .  D evelopm en t, g e rm in a tio n  a n d  g ro w th , 1978. SPRINGER-Verlag, B erlin , H eidelberg , 
N ew  Y o rk ; 306 pp., 122 figures

T h e  a u th o rs’ aim  is to  co n sid er “ th e  b iochem ical an d  physio logical p h en o m en a  th a t  
o c cu r in  a germ inating  seed a n d  th e  ac tiv itie s  t h a t  are  u n ique  to  g e rm in a tio n  such  as food 
m o b il iz a t io n  and  early  g ro w th  of th e  seed ling” . F ir s t  th e  book  acq u a in ts  w ith  th e  s tru c tu re  of 
th e  seed , w ith  th e  physio log ical a n d  b iochem ical processes tak in g  place du rin g  th e  seed m a tu ra ­
t io n  a n d  la te r  deals w ith  th e  sam e e v en ts  p roceed ing  in  th e  g e rm in atin g  seed. T h e  book con­
s is ts  o f  seven  chap ters  each  one h a v in g  severa l sections. A t th e  end of each  c h a p te r  is an 
a b u n d a n t  reference list. B o th  E n g lish  an d  b o tan ic a l nam es of p lan ts  are used  a n d  a glossary 
a n d  a n  in d e x  of th em  can  be fo u n d  as well. M oreover th ere  is an  a u th o r  a n d  su b je c t index. 
T h e  b o o k  is well i llu s tra te d  w ith  d raw ings, e lec tro n  m icrographs, b iochem ical p a th w ay s.

T h e  f irs t  ch ap ter deals w ith  th e  seed, g e rm in a tio n  in general, th e  m easu re  o f g e rm in a­
t io n  (co m m o n ly  used n u m b er o f g e rm in a te d  seeds a f te r  a certa in  tim e), a n d  th e  various 
m e th o d s  used  for calcu la ting  th e  m ea n  g e rm in a tio n  ra te  of a popu la tio n .

T h e  second ch ap te r  is r a th e r  a basic one fo r th e  b e tte r  u n d e rs tan d in g  of th e  su b seq u en t 
c h a p te rs .  H ere  th e  seed s tru c tu re  o f species o f d iffe ren t p la n t  fam ilies, th e  food  reserves of 
seeds (p ro te in , lectins, p h y tin , c a rb o h y d ra te s , e tc .) , th e ir  accu m u la tio n  a n d  lo ca tio n  because 
th e y  are  closely associated  w ith  th e  s tru c tu re  are discussed. The reserve co m p o sitio n  of seeds 
is re v ie w e d  in  detail. The a u th o rs  re fe r  to  i ts  m od ify ing  fac to rs , such  as genetic  fa c to rs , b re ed ­
in g , e n v iro n m en ta l conditions.

T h e  th ird  ch ap ter c o n ce n tra te s  on th e  s tu d ies  o f seed m a tu ra tio n . T he d ev elo p m en ta l 
p ro cesses  in  th e  G ym nosperm s a n d  th e  A ngiosperm s, are rev iew ed  b riefly  a com prehensive  
s tu d y  o n  th e  p roduction  an d  sto rag e  of reserves in  th e  seeds is given b o th  in  cereals an d  in 
d ic o ts . T h e  au th o rs  describe th e  physio log ica l an d  th e  b iochem ical processes ta k in g  place 
d u r in g  th e  syn thesis of d iffe ren t s to rag ed  reserves, th e  d ifferences in  th e  sy n th es is  am ong the  
ce rea ls , endosperm ic  and n o n -en d o sp erm ic  legum es. T he o th e r sections of th is  c h a p te r  co n ta in  
th e  e n e rg y  su p p ly  in th e  m a tu rin g  seed, th e  fa te  o f th e  syn thesiz ing  a p p a ra tu s , ho rm o n es and  
th e ir  ro le  in  th e  developing seed.

T h e  follow ing tw o c h a p te rs  (4, 5) a re  concerned  w ith  th e  im b ib itio n , g e rm in a tio n  of 
seed , a n d  g row th  of seedlings as w ell as th e  b io ch em istry  of these  processes. C h a p te r  4 tre a ts  
th e  ro le  o f w a te r  includ ing  th e  w a te r  u p ta k e  b y  seeds, k in etics of th is  process a n d  th e  various 
fa c to rs  a ffec tin g  the  g e rm in atio n , such  as soil m o is tu re  tension , th e  size an d  m ucilage  co n te n t 
o f seed s, th e  n a tu re  o f seed su rface , e tc .

T h e  au th o rs  discuss th e  b io ch e m is try  o f g e rm in atio n  and  g ro w th  in  th re e  sections of 
c h a p te r  5, w hich are re sp ira tio n , th e  p ro te in  an d  nucleic acid  syn thesis as w ell as th e  D N A  
sy n th e s is .

I n  c h ap te r  6 th e  processes ta k in g  place a f te r  rad ic le  em ergence in  th e  g e rm in a te d  seed 
are  d iscu ssed . The m ob iliza tion  of d iffe ren t ty p es  of s to red  reserves (c a rb o h y d ra te s , lip id , 
p ro te in  a n d  phosphorus — c o n ta in in g  co m pounds), th e ir  m etabo lism s an d  h y d ro ly s is  b o th  in 
ce rea ls  a n d  in  dicots are rev iew ed  an d  p re sen te d  w ith  g rap h s, e lectron  m ic ro g rap h s .

T h e  la s t ch ap ter concerns th e  co n tro l processes in  th e  m ob iliza tion  of s to re d  reserves. 
I t  “ in v o lv es  a considera tion  of th e  effects o f p la n t  horm ones on cell m e tab o lism  an d , m ore 
sp ec if ica lly , o f th e ir  actions in  non-g row ing  sto rag e  tis su e” . T he cereal g ra in  h as p ro v ed  to be 
m o s t  su ita b le  ob ject for s tu d y in g  th ese  processes.

T h e  book sum m arizes th e  co m prehensive  m o d ern  know ledge on th e  phy sio lo g y  and  b io­
c h e m is try  o f  seeds in re la tio n  to  g e rm in a tio n , so i t  will be v e ry  useful fo r ad v an c ed  s tu d e n ts  
a n d  re se a rc h  w orkers.

E . M olnár
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G. F a r k a s : N övényi b iokém ia (P la n t B io ch em istry ). A k ad ém ia i K iadó, 1978, p p . 405.

G áb o r F a rka s’s w ork  e n title d  N ö vény i b io k ém ia  co n ta in s a m ax im u m  a m o u n t of 
know ledge availab le  in th is  b ra n ch  of science in  a m in im al sized volum e. I t  co m p rises  nine 
ch ap te rs  d iscussing  th e  m ost im p o r ta n t  re su lts . A t th e  sam e tim e , a num ber of su ch  u n re so lv ed  
p ro b lem s are  tre a te d  arising  fro m  th e  special c h a ra c te r  o f h igher p lan ts.

C h ap te r  One prov ides in fo rm a tio n  on th e  m a te ria l th a t  has a cc u m u la ted  so fa r  in 
p h o to sy n th es is , w ith  em phasis on th e  ch a ra c te ris tic s  and  differences occurring  in  p a th s  o f  C3 
an d  C4 d ica rb o n ic  acids, w hich  p lay  an  im p o r ta n t  p a r t  in p la n t p ro d u c tiv ity , th u s ,  on  ligh t 
re sp ira tio n  and  on the  v a ry in g  possib ilities o f th e  effec tiveness o f photosyn thesis . C h a p te r  Two 
deals w ith  th e  b io ch em istry  o f p la n t re sp ira tio n , a n d , in  a d d itio n , w ith som e sp ec ia l p la n t 
physio log ical aspects of m etab o lism  in re sp ira tio n , as fo r exam ple  shoot re sp ira tio n , clim ac- 
terica l re sp ira tio n , sa lt re sp ira tio n , p a rasito g en ic  re sp ira tio n  and  th a t  in th e  a re a  o f a 
w ound , e tc . L ittle  have  been  know n on  p la n t lip id  m etab o lism  and th e  fu n c tio n  o f cell 
m em b ran es a t  p re sen t, b u t  these  have  recen tly  gained  im p o rtan ce . The in te rim  re su lts  o b ta in e d  
are su m m arized  in  C hapter T hree . T he prob lem s of n itro g en  and  au to tro p h y  a re  d iscussed  in 
C h ap te r F o u r. H ere special care  is ta k e n  to  p ro v id e  a c ritica l analysis and  sy n th e s is  o f th e  
re su lts  o f new  and  old ob se rv a tio n s m ade in  th e  fie ld  o f  n itro g en  bonding.

In  th e  p a s t decade, in th e  field o f p la n t b io ch em is try , ou r knowledge of th e  course  of 
th e  sy n th es is  o f nucleic acid an d  p ro te in  has p ro b a b ly  ach ieved  th e  g reatest d e v e lo p m en t. The 
ra p id ly  chang ing , often  c o n tra d ic to ry  th eo ries are  sum m arized  in a c lear-cu t m a n n e r  in 
C h ap te rs  Seven an d  E ig h t. T he special p rob lem s of th e  sy n th esis  o f nucleic acid a n d  p ro te in  in 
h igher p la n ts , w ith  regard  to  cell d iv ision , g ro w th , d ev elo p m en t and aging, a re  d iscussed  
a t  th e  end of C h ap ter E ig h t.

C h ap te rs  F ive , Six a n d  N ine deal in sh o rt w ith  th e  m etabo lism  of am in o -ac id s, nuc leo ­
tides a n d  o f secondary  m etab o lism  p ro d u c ts . R e g re tta b ly , th e  a u th o r does n o t p ro v id e  an y  
re su lts  in  re la tio n  to b io reg u la to rs , s tim u la tin g  an d  in h ib itin g  m ateria ls ; i t  w ould  h a v e  been 
usefu l for specia lis ts e ith e r in te res ted  in th e  th e o ry  o r w ork ing  in  the  field o f a p p lied  p la n t 
physio logy .

T h e  book is p leasan t read in g  ow ing to  its  good sty le  a n d  w ay  of ed iting ; a f te r  fu rn ish in g  
th e  m o st essen tia l s ta te m en ts , th e  a u th o r  also su m m arizes th e  ex p erim en tal d a ta  w h ich  con­
firm  th e  v a lid ity  o f th e  s ta te m en ts .

T he a u th o r  p rovides th e  re ad e r w ith  basic know ledge in  sim ple sen tences. T h erefo re , 
th e  book  can  be recom m ended  to those  who w ish to  know  th e  “ way of p la n t b iochem ical 
th in k in g ” , th e  ch arac te ris tics  o f ra is ing  th e  p ro b lem s, an d  th e  tra p s  occurring  in th e  s tu d y  of 
th e  m etab o lism  of h igher p lan ts .

T h e  shortcom ings t h a t  a p p ea r in  acq u irin g  know ledge on a larger scale a re  o f ten  c h a r­
ac te ris tic  o f researchers abso rb ed  in th e ir  ow n field  o f in v es tig a tio n . The read in g  o f th is  book 
is to  be reco m m en d ed  to those  also who w ish to  be w ell-in form ed in the recen t re su lts  o f p lan t 
b io ch em is try  on a larger scale, in  a d d itio n  to th e ir  spec ia l field . I should especially  reco m m en d  
th is  book as a basis for s tud ies to  those  u n iv e rs ity  le c tu re rs  w hose ta sk  is to t ra in  th e  b io log ists, 
a g ra rian  eng ineers o f th e  fu tu re  an d  th e  spec ia lis ts  dealing  w ith  e n v iro n m en ta l p ro b lem s. 
L ast b u t  n o t least, the  know ledge of th is  book is n ecessary  for fu tu re  p la n t p h y sio lo g is ts  
since by  m ean s of th is  book th e y  will be able to  recognize  th e  p leasan t as well as th e  d ifficu lt 
sides o f th e ir  vo ca tio n  in th e ir  perspec tives.

T h an k s  are  due to th e  A kadém iai K iadó  for th e  p u b lica tio n  of the book on  a sh o rt- te rm  
schedule. W e only hope th a t  o u r specialized l i te ra tu re  will be enriched w ith even  m o re, s im ilar 
“ tex t-b o o k s”  on  a h igh level w hich will be o f use fo r all o f us.

M. DÉVAY

W. F r e y , M. H u r k a , F .  O b e r w i n k l e r . (eds): B e iträge  zur Biologie der n ied eren  P flan zen . 
1977. S tu t tg a r t  -  New Y ork , G. F i s c h e r  V erl., 233 pp .

T he book has been com piled  an d  d ed ica ted  by  th e  a u th o rs  and the  e d ito rs  in  h o n o u r 
o f th e  7 0 th  b ir th d a y  of P rof. D r. K arl M ä g d e f r a u . T h e  a rtic les, dealing w ith  th e  tax o n o m ica l, 
p h y lo g en e tica l and  ecological p rob lem s of c ry p to g a m o u s p la n ts  a re  new in th e ir  re su lts ,  in te r ­
estin g , a n d  use m odern  m ethods.

W . J u n g ’s s tu d y  (Die e rsten  L an d p flan zen ) on  th e  f irs t te rrestria l p lan ts , su m m ariz in g  
th e  re sea rch  re su lts  o b ta in ed  so fa r, deals w ith  th e  phy lo g en e tica l im portance  o f  P silo p h y ta ;  
the  still ex is tin g  problem s are  n o t neglected  an d  th e  n ecessity  o f fu rth e r re sea rch  is e m p h a ­
sized. F in a lly , th e  conditions o f p lan t life in te rre s tr ia l  p lan ts  are analysed.
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M. H u r r a ’s a rtic le  (Iso en sy m e u n d  S y s te m a tik ) , a n d  th a t  of A. B r e s in s k y  (C hem o- 
tax o n o m ie  der Pilze) deal w ith  p la n t  b iochem istry . Iso en zy m es to d ay  p lay  an  im p o r ta n t  p a r t  
in  e v o lu tio n  physio logy. T h e ir  ex am in a tio n  m ay  o p en  im p o r ta n t  v istas on th e  v ita l  q u estio n s 
o f e v o lu tio n  an d  tax o n o m y . F o r exam ple , w ith  re g a rd  to  th e  role of gene d r if t w ith in  n a tu ra l  
p o p u la tio n s  and  am ong th e m ; th e  effect of fe rtiliz a tio n  sy s tem  on the  s tru c tu re  o f a k in sh ip  
c irc le ; o r  to  th e  processes o f species fo rm ation , e tc .

T h e  im p o rtan ce  of th e  recogn ition  of th e  m e ta b o lism  products o f fung i a n d  o f th e ir  
to x ic  m a te ria ls  in  tax o n o m ica l ev a lu a tio n s has b een  k n o w n  since long. A ccu ra te  chem ical 
a n a ly s is , g rouping , and  m o d e rn  m eth o d ica l d e te rm in a tio n  o f these  specific fung i com p o u n d s as 
w ell as th e  ex p lo ra tio n  of th e ir  chem otaxonom ic  im p o r ta n c e  (th e  phylogeny of fungi, s e p a ra ­
tio n  o f re la te d  species, e tc .)  a re  th e  re su lt of th e  re c e n t decades.

E . M ü ller  deals w ith  th e  phylogeny  of A scom yceta  (S ystem fragen  bei A scom yceten ); 
w hile  th e  s tu d y  of F . O b e r w in k l e r  w ith  the  new  sy s te m  o f Basidiom yceta  (D as neue System  
d e r B asid io m y ceten ).

M. Sch u ster  w rites a b o u t  th e  evolution  of H epaticae  and  Anthocerothae (The E v o lu tio n  
a n d  E a r ly  D iv ersification  o f th e  Hepaticae  and  A nthocerotae), s ta tin g  th a t  b o th  form  a  m ono- 
p h y le tic  group .

W . F r e y  inform s u s a b o u t  th e  new position  on  th e  phylogenetical h is to ry  a n d  groups 
o f re la tiv e s  of m osses in  h is a rtic le  en titled  “ N eue V o rs te llu n g en  über die V e rw a n d tsch a fts ­
g ru p p e n  u n d  die S tam m esg esch ich te  der L aubm oose” . H is exam inations w ere e x te n d e d  to 
fossil spec im ens (M uscites p lu m o su s , M . fon tin a lo id es , e tc .) ; to  the  s tru c tu re  o f tis su e . The 
a u th o r  e s tab lish ed  th e  p h y lo g en e tica l connection  b e tw e e n  th e  g reat groups of re la tiv e s  of 
m osses.

T h ere  tw o re m a rk ab le  s tu d ies  in  the  vo lum e on lichens, by  J . P o elt  — E. R o m a u c h : 
D ie L a g e rs tru k tu re n  p laco d ia le r K ü sten - und In la n d s f le c h te n . E in  B eitrag  zur ökologischen 
A n a to m ie  der F lech ten ; a n d  by  S. W in k l e r : F le ch te n  u n d  Moose als B io ind ika to ren .

P o elt  — R om auch , b y  ex am in in g  th e  h a b ita t  s tru c tu re  o f  coasta l and  te rre s tr ia l  lichens, 
s ta te d  t h a t  th e  changes in  th e  h a b ita t  s tru c tu re  o f c o as ta l lich en  can be exp la ined  by  ecological 
effec ts . T hese  species live in  h a b ita ts  ex trem ely  ex p o sed  to  las tin g  strong  w inds, sa lty  sea­
w a te r , a n d  re la ted  m ech an ica l effec ts (sand grains, ic e c ry s ta ls , e tc.). The h y p h ae  of th e  co asta l 
c ru s to se  lichens are s tro n g ly  a tta c h e d  to one a n o th e r , th e  a lga l layer is d iv ided  in to  k n o ts  by  
th e  h y p h a  bund les , while th e  m ed u lla  is densely filled  w ith  h y p h ae  which are in te r tw in ed . The 
species p a irs  w hich w ere ex am in ed  are as follow s: Caloplaca granulosa— Cal. verrucu lifera ; 
Cal. saxicola  — Cal. scopularis ; X an th o ria  elegáns — X . resendei ; Candelariella m edians  — C. arc- 
tica ; Lecanora reuteri — L . stram inea  ; R inodina nombosa  — R . balanina.

A  su rv ey  of th e  in v e s tig a tio n s  and  resu lts  ach iev ed  so fa r is given by  I. W in d l e r . I t  is 
e x p e c te d  from  b io in d ica to rs  t h a t  th ey  should in d ic a te  th e  ha rm fu l m a te ria ls  e arly  a n d  in 
re la tiv e ly  sm all am o u n ts . L ich en s an d  mosses are p la n ts  t h a t  re a c t very  sensitive ly  to  h a rm fu l 
m a te ria ls . A fter su rv ey in g  th e  to w n  of T übingen, a n d  e s tab lish in g  th e  “ lichen d e se rt”  a n d  th e  
“ s tru g g lin g  zone” , he e la b o ra te d  and applied a v e ry  d e m o n s tra tiv e  s ta tis t ic a l  m e th o d  of 
q u a n t i ta t iv e  analysis o f lichen  a n d  moss v eg eta tio n . T h e  e x te n t  of dam age w as ex am in ed  in 
site  ex am in a tio n s , p a r tly  m orpho log ically  and p a r t ly  b y  pho to sy n th es is  m ea su re m e n t (gas 
m e tab o lism ).

K . D o b a t : Zur Ö kologie u n d  Ökogenese de r L am p en flo re  deu tscher S ch au h ö h len  deals 
w ith  th e  p la n t  a ssoc iations o f 30 G erm an caves, b a se d  on h is own investig a tio n s a n d  on  th e  
d a ta  o f  th e  lite ra tu re . H e d e te rm in e d  th e  course o f g ro w th  ta k e n  by th e  “ lam p  flo ra ”  fro m  th e  
a lgae to  fe rn s , and ex am in ed  th e  n u m b er of tax a  o c cu rrin g  in  re la tio n  to  th e  n u m b er o f ligh t 
sou rces a n d  to  ligh t in te n s ity . M osses and th en  a lgae o ccu r in  g rea tes t q u a n ti ty , w hile lichen 
o n ly  o ccasionally , in L ep ra ria  s ta d iu m  or in u n d e te rm in a b le  form s. The a u th o r’s co n cep tio n  
on th e  p assiv e  m ig ra tio n  o f p la n t  s tru c tu re s  in to  th e  w o rld  o f caves is very  im p o r ta n t.

P . K . V e r s e g h y

B. F . K e e g a n , P . O. Cé id ig h  an d  P. J .  S. B o á d én  (eds): Biology of B en th ic  O rgan ism s. 
P e rg a m o n  P ress, O xford , 1977. pp . X X X II I  -f- 630.

T h is  book co n ta in s s ix ty - th re e  papers d e liv e red  th e  11th E u ropean  S y m posium  on 
M arine  B iology, held a t  th e  U n iv e rs ity  College, G a lw ay  (I re la n d )  from  Oct. 5 till O ct. 11, 1976 
in c o n n ec tio n  w ith  th e  th em e .

T h e  pap ers  are w ell i l lu s tra te d  w ith  tab les, g ra p h s , m aps, p h o to g rap h s an d  reference 
lis ts . T h e  te x t  is qu ite  re ad a b le , a lth o u g h  th e  ty p e sc r ip ts  o f th e  au th o rs  have been  re p ro d u ced  
in th e ir  o rig ina l form . E ig h t o f th e  papers are w r i t te n  in  F rench , the  o th ers  in E nglish . 
U n fo r tu n a te ly ,  th e  vo lum e h as  no sub jec t index.
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T he them es of th e  pap ers  a re  v ery  w idely w ith resp ec t to  th e  o b jec t o f th e  stu d ies , loca tion  
o f sam p lin g  (w ith in  E u ro p a), th e  d iscip lines used (such as ecology, physio logy , p o p u la tio n  
d ynam ics, genetics, e tc .).

T herefo re , a d e ta iled  rev iew  of th e  whole volum e is b ey o n d  th e  scope of th is  pap er. So it 
seem s to  he b e tte r  to  lis t th e  m ajo r to p ics discussed in th e  pap ers . T he sequence of th e  topics 
does no t m ean a ra n k  o f im p o rtan ce  a n d  th ey  are no t id en tica l w ith  th e  title s  o f the  sep ara te  
papers. T he n u m b er o f pap ers  dealing  w ith  one or a n o th e r  to p ic  is v e ry  d iffe ren t, th a t  is several 
pap ers  can belong to  one top ic , an d  v ica  versa. The pu rp o se  of th is  lis t is to  give a re la tiv e ly  
accu ra te  p ic tu re  o f th e  c o n te n ts  of th is  book.

T he follow ing to p ics are  fo und  in th e  volum e:
— s tru c tu re , o rg a n iz a tio n , d ev elo p m en t, succession of d iffe ren t m acro- and m eio b en th ic  com ­

m u n ities  on d iffe ren t ty p es  o f su b s tra te  (e.g. rock , sa n d , m u d , e tc .)  in  d iffe ren t zones 
(litto ra l, b a th y a l, e tc .)
b en th ic  c o m m u n ity  s tru c tu re  in  re la tio n  to su b s tra te , p h y sica l, o cean ograph ical an d  bio­
logical p a ram e te rs
ho rizo n ta l an d  v e rtica l d is tr ib u tio n  an d /o r m ic ro d is tr ib u tio n  of d iffe ren t g roups (Oligo- 
chaeta. Polychaeta , Copepoda , b a th y a l Decapoda , b e n th ic  v e g e ta tio n ); d is tr ib u tio n  of ben th ic  
p h y to - and  zoocoenoses along lig h t g ra d ie n t in a superfic ia l m arin e  cave; th e  im p o rtan ce  of 
biological in te ra c tio n s  in  th e  zo n atio n  of deep-sea g as tro p o d s
com position , changes in  com position  th ro u g h  space an d  tim e  of va rio u s g roups (e.g. Poly- 
cheate. E chinoderm ata , N em atoda , p e rip h y ta l Copepoda) an d /o r co m m u n itie s  (e.g. d ifferen t 
su b litto ra l c o m m u n itie s , m eio b en th ic  Gastrotricha su b co m m u n itie s , e tc .)

— re la tiv e  ab u n d an c e  of m ac ro b en th ic  species and  fishes
— colon ization  of d iffe ren t su b s tra te s  b y  m olluscs

the  role of e n v iro n m en ta l fac to rs  in th e  dispersion of d iffe ren t geno ty p es o f M ytilu s  edulis
— th e  prob lem  o f re -e s ta b lish m e n t of species
— th e  role of en v iro n m en ta l fac to rs  on s ta b ility  and  d is tr ib u tio n  of rocky  shore com m unities 

th e  c o n tr ib u tio n  of l it to ra l  o rgan ism s to  the  zoop lan k to n  of in shore  w aters
— com position , d e n s ity , b iom ass and  v e rtica l ex tension  o f b e n th ic  v eg e ta tio n

p rim ary  p ro d u c tio n  a n d  b iom ass o f su b litto ra l m u d d y  san d s , F ucus vesiculosus and  L a m i­
naria hyperborea

— so ft-b o tto m  m ac ro fau n a  p ro d u c tio n
— d irec t u p tak e  of dissolved n u tr ie n ts  by  soft bodied  b e n th ic  in v e rte b ra te s  

s tu d ies  on suspension  a n d  d ep o sit feeding com m unities 
p red a to r-p rey  in te rac tio n s ; p re d a tio n  press and  c o m m u n ity  s tru c tu re  
energy  tra n s fe r  from  m arine  m ac ro p h y te s  to  consum ers

— an aero b  N -fix a tio n  in sed im en t
rep ro d u c tiv e  s tra te g ie s  of d iffe ren t species (L ittorina  ru d is , A lcyo n iu m  hibernicum  and  
A lcyon ium  d ig ila tum )
autecological s tu d ie s  o f several species (Sargassum  m u ticu m , M odiolus m odiolus , Sibogli- 
num  fio rd icu m , a n d  d iffe ren t ep ifau n al algae)
ep ib en th ic  assem blages an d  th e  in d ica tio n  of en v iro n m en ta l co nd itions

— niche s tud ies o f several l i t to ra l  fishes
— th e  efficiency of b e n th ic  sam pling  m ethods.

As we can  see th e  v a r ie ty  of th e  them es is large  enough , and  m ost papers hav e  an 
ecological ap p ro ach . T he vo lum e gives a cross-section of th e  recen t p rob lem s h av in g  em erged 
du rin g  th e  s tu d y  of m arin e  b en th ic  o rgan ism s. So it is v e ry  useful for ev ery b o d y  in te re s ted  in 
th is  field , h u t  a sp ec ia lis t can  m ake  use o f it ,  too.

J .  N. N ősek

R. II. W h itta k er  a n d  S. A. L e v in  (eds.): N iche. T heory  a n d  A p p lica tio n . B en ch m ark  P ap ers  in 
Ecology/3. D o w d e n , H u tc h in so n  and  R o ss , Inc ., 1975, p p . 448.

T he vo lum e, se lected  ed ited  and  com m ented  by  R . II . W h it t a k e r  a n d  S. A. L e v in , 
is a v ita lly  im p o r ta n t  p a r t  o f th e  series e n titled  B e n ch m ark  P ap e rs  in E cology. T he book 
consists o f 41 se lected  p ap ers , d iv ided  in to  7 P a r ts  each  p ro v id ed  w ith  E d ito rs ’ C om m ents.

T he m erit o f th e  vo lum e is tw ofo ld : the selected  p a p e rs  p rov ide us w ith  m any  stud ies 
w hich are  n o t read ily  av a ilab le  to d a y  or a t  all, and  th e  E d ito rs ’ C om m ents (especially  those  on 
P a r ts  I I ,  H I an d  IV ) are  in th em selves to  he considered  as v a lu ab le , in d ep e n d en t stud ies.

T he four a rtic le s  selected  for P a r t  I, lead as b ack  to  th e  ro o ts  o f th e  niche concept; 
to  G r in n e lls  r a th e r  m ore fau n is tic  an d  E ltons m ore fu n c tio n a l, b u t  by all m eans q u a lita tiv e  
conception . In  P a r t  I I ,  th e  m o st e ssen tia l ex tra c ts  from  th e  w orks o f th e  classics o f com-
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p e ti t iv e  ex c lu sio n  ( V o l t e r r a ,  G a u s e )  are  p re sen ted , while in  th e  E d ito rs ’ C om m ents certa in  
c o rre c tio n s  a re  to  be found w hich  ca ll a tte n tio n  to  th e  im p o rta n ce  of genetica l feed b ack  — in 
a d d it io n  to  t h a t  of co m p etition  — a n d  ag a in  to  th e  significance of in te ra c tio n  b e tw een  age 
c lasses , o r  to  th a t  of p red a tio n , as th e s e  a re  essen tia l fac to rs  in  th e  re g u la tio n  of p o p u latio n s.

T h e  species respond d iffe re n tly  to  th e  facto rs w hich arise  in  th e  c o m m u n ity  in  space 
a n d  t im e , a n d  th e  response g iven  to  th ese  sp a tio -tem p o ra l d ifferences will be decisive w ith  
re sp e c t  to  th e  species’ coexistence. P a r t  I I I  deals w ith  niche axes, w hile th e  e d ito rs ’ C om m ents 
w ith  su c h  qu estio n s th a t  d e te rm in e  th e  n a tu re  o f th e  v a riab les  w ith in  th e  co m m u n ity . I t  is 
e x p o u n d e d  in  th e  Com m ents t h a t  in  th e  co m m u n ity  th e  m o st co m p act se t o f n iche axes is 
g iv en  b y  th e  m inim um  in d e p e n d e n t series o f lim iting  fac to rs . Such zoologically  im p o rta n t 
e x a m p le s  a re  d ealt w ith as th e  c o m p e tit io n  along canopy  h e ig h t, th e  c o m p e titio n  a long  w ith  
th e  n u t r ie n t  volum e axis, p re d a tio n  an d  p a rasitism . Seasonal changes f re q u e n tly  involve 
p a ra m e te r  changes tak ing  p lace on  a  tim e  scale; th is  g ra d ie n t w ith in  th e  co m m u n ity  is to be 
c o n s id e re d  o f ten  as niche axis. P a r t  o f th e  exam ples is again  o rn itho log ica l; b u t  am p le  exam ples 
co u ld  h a v e  b een  tak en  from  th e  r ic h  flow erin g -fru itin g  p a tte rn  o f tro p ic a l fo res ts  (such c ita ­
tio n s  w o u ld  hav e  been even m ore in te re s t in g  because th e y  can  prov ide  a t  th e  sam e tim e  nice 
e x a m p le s  o f th e  co-evolution of p la n ts  an d  an im als). In  th is  P a r t ,  th e  se lection  p ro v id es space 
fo r a fe w  w o rk s dealing w ith  p o p u la t io n  s tru c tu re  (genetica l s tru c tu re , age co m position , dis­
p e rs io n , se x -ra tio , etc.). S p a tia l a sp e c ts  will be in te res tin g  fo r b o ta n is ts :  in  u n ifo rm  en v iro n ­
m e n ts , co ex isten ce  can becom e p o ss ib le  as a re su lt o f ran d o m  co lon ization  an d  th e  d iversifica­
t io n  fo llo w in g  th a t .  T em poral c h an g e s  ensu ing  in  th e  genetica l s tru c tu re  m ay  ev en  p e rm it 
c o m p le te  co m p e tito rs  to coex ist, th u s ,  also a genetica l v a riab le  can  be a n iche ax is  (for exam ple, 
in te rsp e c if ic  frequency  d ep en d en t se lec tio n ). Two b o tan ica l w orks are p re sen te d  in  P a r t  I I I ;  
s h o r t  e x t r a c t  of W h i t t a k e r  e n ti t le d  “ N iche space an d  species im p o rta n ce ”  fro m  his book 
“ C o m m u n itie s  and ecosystem s” , a n d  H u t c h i n s o n ’ s  fam ous s tu d y  e n title d  “ T he p a ra d o x  of the  
p la n k to n ”  (1961).

P a r t  IV deals w ith h a b i ta t  a n d  niche d im ensions. T he sep a ra tio n  of h a b ita t  and  niche 
(cf. th e  im p o r ta n t  article  o f W h i t t a k e r  — L e v i n  — R o o t  1973, a t  th e  end o f th e  collection) is 
c o n s is te n t  also  in  the book; th e  c o n c e p t o f h a b ita t  in te rco m m u n ity , an d  of n iche  in tra co m ­
m u n ity ;  th e  ecological ev o lu tion  ta k e s  th e  d irec tio n  of h a b ita t  d iffe ren tia tio n . A n u m b er of 
in d ice s a re  suggested  for th e  d e sc rip tio n  of th e  h a b ita t ,  as is co n ta in ed  in  th e  E d ito rs ’ Com­
m e n ts .

T h e  n iche axes, as ag a in s t th e  h a b i ta t  axes, a re  ra th e r  m ore defined  bio logically  (for 
e x a m p le , th e  fine features in th e  h a b i t s  of p rey  an d  p re d a to r ; th e  chem ical c h a ra c te rs  o f the 
p la n t  w h ic h  m ay  p ro tec t ag a in s t co n su m ers). F o r th e  d esc rip tio n  of th e  n iche, th e  follow ing 
d a ta  a re  im p o r ta n t;  form  of th e  d is tr ib u tio n  of th e  p o p u la tio n , niche w id th , n iche overlap , 
n iche  p a t t e r n  on an  axis, niche fo rm . I n  th e  E d ito rs ’ C om m ents also th e  co m p e titio n  coefficient 
a ij (a s  a n  in d e x  of the  overlap ), a n d  th e  L e v in s —VANDERMEER-ty p e  co m m u n ity  m a tr ix  are 
d e a lt  w i th  in  detail. I t  is also in  th is  P a r t  t h a t  th e  sam ple  o f a rtic le s  is a p p ro p ria te ly  rep re ­
s e n ta t iv e .

P a r t  V  deals w ith sp a tia l a n d  te m p o ra l  co n tex ts  of th e  niche. Species look ing  fo r h a b ita t  
in  new* a re a s  m ay  d isappear fo r e x am p le  if  th e re  is no niche av ailab le  fo r th em , w hile o thers 
(for e x a m p le  new ly-in troduced  w eeds m a y  ta k e  th e  fo rm  of p o p u la tio n  exp losion , h a v in g  no 
en em ies in  th e ir  way. The sp a tia l e x am p le s  a re  ra th e r  zoo logy-cen tred , sim ila rly  as in  P a r t  V I, 
w h ere  th e  case  stud ies of species co ex isten ce  p a tte rn s  a re  d ea lt w ith , beg inn ing  w ith  th e  ex p eri­
m e n ta l  e x a m in a tio n  of th e  c o m m u n ity  s tru c tu re  and  co n tin u in g  w ith  th e  site  in v es tig a tio n s  of 
n a tu r a l  p o p u la tio n s . P a r t  V II  b e a rs  th e  t itle  Conclusion; th re e  sum m ariz in g  w orks are  placed 
h e re , v iz .. H u t c h i n s o n ’ s  fam ous C on c lu d in g  R em ark s; M a c A r t i i u r ’ s  T he T h eo ry  of th e  Niche 
( th e  g ra in  co n cep t included), a n d  f in a l ly  th e  ed ito rs’ s tu d y  w ritte n  in  co o p era tio n  w ith  R o o t ,  

a n d  o f te n  c ite d  in the  p resen t v o lu m e : N iche, H a b ita t  and  E co tope.
T h e  bo o k  is w arm ly re co m m e n d e d  to  every  ecologist, and  especially  to  “ general 

e co lo g is ts” .
G .  F e k e t e

К . K r e e b :  M ethoden der P flan zen ö k o lo g ie . 1977. 235 pp , 69 figures. V E B  G. F i s c h e r ,  Jen a  
41 M a rk s  (C lo th)

T h e  bo o k  is the re su lt o f a 1 7 -m em b ered  research  te a m ’s w ork  carried  o u t u n d e r  the  
g u id an c e  o f  one of the s tu d e n ts  o f  H . W a l t e r ,  professor o f p la n t  ecology in  th e  u n iv e rs ity  of 
B re m e n . I t  co n ta in s concisely in s tru c t iv e ly  a n d  in  a c lear-cu t m an n e r th e  m eth o d s , in s tru m e n ts  
th e ir  a d v a n ta g e s  and d isa d v an tag e s , as well as qu estio n s o f p rincip le  o f p la n t  ecology (p ri­
m a rily  o f  au teco logy); th e  e v a lu a tio n  and  th e  d esc rip tion  of th e  p ro ced u re  o f m a th e m a tic a l

A c ta  B o ta n ic a  Academ iae S c ien tia ru m  H u n g a r ica e  25 , 1979
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ca lcu la tio n s are also g iven. T h u s, th e  w ork is a m eth o d o lo g ica l h andbook , w hich is e n tire ly  
u p -to -d a te . T he m ain  c h a p te rs  deal w ith  th e  re ac tio n  o f p lan ts  to e n v iro n m en ta l fa c to rs , 
th u s  w ith  th e  d iffe ren t p a r ts  p lay ed  by  te m p e ra tu re , w a te r , lig h t and  fu r th e r  ch em ica l an d  
physical fac to rs  in  p la n t  life, an d  also w ith  th e  m eth o d s  o f  th e ir  d e te rm in a tio n , w ith in  th is  
w ith  d iffe ren t re sis tan ces , w ith  th e  phenom ena of w a te r  m etabo lism , w ith  p h o to sy n th es is , 
re sp ira tio n , e tc . th u s , w ith  th e  questions of physioeco logy . T h ere  is only little  space d e v o te d  
to  p rob lem s w ith  geo b o tan ica l im p lica tio n s , a lth o u g h  p h eno logy  and  biom ass a n d  e v en  th e  
m ap p in g  o f in d ic a to r p la n ts  and  associations play  a p a r t  in  th e  hook. T hus, i t  is r a th e r  a 
m eth o d ica l te s tb o o k  w ritte n  fo r ecophysio logists, a n d  a c o n tin u a tio n  of th e  a u th o r ’s earlie r 
m ain  hook (Ö kophysio logie de r P flanzen , Je n a , 1974). T h e  ap p lica tio n  of certa in  la te s t  field  
in s tru m e n ts , m ain ly  e lec trica l ones, will he lea rn t by  g eo b o ta n is ts  from  th is hook. 1 sh o u ld  also 
em phasize  th e  e x trem e ly  am ple  b ib liog raphy  (650 item s), a n d  a H un g arian  a u th o r, B. J á m b o r . 

T he price o f the  book is v e ry  favourab le .
R . Soó

O b e r d ö r f e r ,  E .: S ü d d eu tsch e  P flanzengesellschaften . 2nd  ed . — I. 1977, 312 p p ., 75 tab le s . 
V E B  G. F i s c h e r ,  Je n a , 35 M arks

O b e r d o r f e r ’ s  e x am p la ry  e lab o ra tio n  of th e  p la n t  assoc ia tions of S o u th -G erm an y  was 
f irs t  p u b lished  in th e  reg ional series of m onographs e n ti t le d  Pflanzensoziologie, in  1957, on 
564 pp, covering  th e  g re a te s t a rea  so far, in  th e  sp irit o f  th e  Zurich-M ontpellier school. I t  has 
h ad  a s ig n ifican t in fluence on  th e  v eg e ta tio n  research  o f w hole C entra l-E urope , th u s  on  H u n ­
g arian  a u th o rs  as well. T he book was still w ritte n  by  th e  a u th o r  on his ow n, w hile th e  new  
ed itio n  designed for 4 vo lu m es is a lready  th e  w ork  o f a g re a te r  w ork-team . T he co -w orkers 
o f th e  f irs t  p a r t  pu b lish ed  n o t long ago were D i e r s s e n ,  S .  G ö r s ,  K r a u s e ,  L a n g ,  M ü l l e r ,  

P h i l i p p i ,  S e i b e r t ,  t h a t  is, a n u m b er, p a r tly  y o ung , m em b ers  of the  W est-G erm an  school. 
S till, th e  w ork , in te rm s of i ts  ap p ro ach  and  c o n s tru c tio n , is en tire ly  hom ogeneous, w r i t te n  
u n d e r th e  gu idance  o f O b e r d ö r f e r .  The desc rip tio n  o f th e  various associations is concise, 
b u t  i t  goes dow n as fa r  as th e  subassocia tions; th e  ta b le s  a re  m o stly  th e  lis ts  o f m a jo r  
assoc ia tions of in d iv id u a l g ro u p s (federa tion , V erb an d ), w ith  th e  percen tage va lues o f  s ta b il i ty , 
a lth o u g h  som e new  assoc ia tions ap p ear here for th e  f ir s t  tim e . The classes e la b o ra te d  a re  as 
follow s: ro ck  sw ards (A splen ie tea  rupestris , Parietarietea ju d a ica e ), wall-w eed a sso c ia tio n s 
(Thlaspietea ro tu n d ifo lii), w a te r  vegeta tio n  (Lem netea , Charetea frag ilis , Potam ogetonetea), 
m arsh  a n d  m u d  asso c ia tion  ( Phragmitelea , lsoelo-ISanojuncetea. Littorelletea , U triciilarietea) 
m arsh lan d  assoc iations, th o se  o f spring  m oors (M ontio-C ardam inetea), snow soil a sso c ia tio n s 
(Salicetea herbaceae) th e ir  place is strange  here p la in  a n d  tran s ito ry  m o o rlan d  asso c ia ­
tio n s (Scheuchzerio-Caricetea fu sca e ), p eat-bog  assoc ia tions ( Oxycocco-Sphagnetea). Som e classes 
do n o t occur w ith  us, w hile th e  c lassification  of some o th e rs  (for exam ple, th e  d raw in g  o f p la in  
m oorlands, th a t  is Tofieldeta lia , in to  the  class o f Caricetea fuscae) can n o t be ag reed  u p o n ; 
n e ith e r can  th e  d esig n atio n  of th e  a u th o r’s nam es of som e o f  th e  associations. F ro m  th e  H u n ­
g arian  l ite ra tu re  th e  m o st im p o r ta n t  ones have no t been  considered . E v en  so, th e  w o rk  is one 
of th e  m o st s ig n ifican t p ro d u c ts  o f describ ing  p lan t cenology , o f a rising ten d en cy  e v en  to d a y , 
b o th  in th e  W est a n d  in th e  neighbouring  coun tries o f H u n g a ry , and  of a declin ing  te n d e n c y  
on ly  in o u r co u n try . T he la y -o u t o f th e  hook is good no p ic tu res are included  — a n d  its  
price on th e  G erm an b o o k m a rk e t is very  low, in d ica tin g  t h a t  i t  is a G D R  p u b lica tio n . V olum e 2 
is p lanned  for 1978.

R . Soó

A d a  llo tan ica  A ca d em ia e  Scientiarum  Ilungaricae  2 5 , 1979
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НОВЫЕ НАЗВАНИЯ И НОВЫЕ ВИДЫ КУБИНСКОЙ ФЛОРЫ, ВЕРНЕЕ ФЛОРЫ
АНТИЛЛ

А. БОРХИДИ и 3. КЕРЕСТИ

В статье дается спосок номенклатурных изменений кубинской флоры, некоторые 
новые комбинации, новый ключ к определению растений кубинских видов рода Ternstroem ia  
(Theaceae) а также в статье даны критические замечания в связи с таксономией актильского 
семейства Gesneriaceae. Далее в статье описывается типичные экземпляры кубинских видов 
H arpalyce ( Fabaceae), A m y ris  (Rutaceae) и X ylosm a ( F lacourtiaceae),

А также дана критическая ревизия Guapira rufescens (Griseb.) Lundell (Xyctaginaceae) 
вместе с описанием двух новых видов.

ПРИМЕЧАНИЯ К НЕКОТОРЫМ КРИТИЧЕСКИМ И НОВЫМ ТАКСОНАМ
КУБИНСКОЙ ФЛОРЫ

А. БОРХИДИ и О. МУНИЗ

Авторы пытаются разрешить некоторые таксономические проблемы кубинской 
флоры, предлагая несколько новых комбинаций и коррекций, а также дают описание но­
вых для науки 10 видов, 1 гибрида и 3 вариантов. Они обсуждают проблемы M ag­
nolia leonis T u ja n . ex . Bisse и M agnolia cacum inicola  Bisse (M agnoliaceae), вопросы раз­
деления Cissam pelos reticulata  sp. n. О Т  Cissam pelos Húréira L. ( M enisperm aceae ) ,  и межви­
довые различия Vera longipes B ritt, e t  W ils., P . p a llid ifo lia  B ritt , e t W ils., V. ovalifo lia  U rb. 
и P. orientensis sp . n. (Euphorbiaceae). Авторы занимаются таксономической проблемой 
Purdiaea n ipensis  M. V ict. и P. m aestrensis B orh id i e t C a ta su s и дают новый ключ Д Л Я  оп­
ределения 8 кубинских видов рода L in ó d éra  (Oleaceae) и описание новых видов рода Linó­
déra  (L. асипае и L. moncadae sp. n.). Дальные новые таксоны: X ylop ia  асипае  B orhid i et 
D el-R isco ( M enisperm aceae), Vera po lylepsis  ssp. m oaensis  B orhidi (Euphorbiaceae), Ilex  bara- 
coensis B orhidi и I . hypaneura  var. n ud ica lyx  B orhidi ( A quifoliaceae), Ouratea x  асипае  B orhidi 
(Üclinaceae), L in ó d éra  bumelioides ssp. obovalis B o rh id i e t  M uniz (Oleaceae), Forestiera ek- 
m anii B orhidi (Oleaceae), Lantanopsis tomentosa  B o rh id i e t  M oncada (Compositae).

ЦИТОХИМИЧЕСКОЕ ИЗУЧЕНИЕ ТОЧКИ РОСТА СТЕБЛЯ ЯБЛОКИ I.
Содержание ДНК и Д ТК +  РНК и гистона в ядоах клеток верхушечных порек завязи, 

образующей плоды и не образующей плодов

Т. БУБАН и Г. И. ХЕЗЕМАНН

В интересах использования химикатов, управляющих образованием цветочных 
почек, нам нужно знать отношения внутри верхушечной меристемы, на протяжении пере­
хода из вегетативного состояния в репродуктивное. Авторы исследовали верхушечные 
почки (т. н. пик) завязи, из которых развиваются и не развиваются плоды. На срезах при 
помощи цитофотометрии измряли в различных зонах точки роста уровень ДНК и ДНК 
РНК и гистона. При наличии плода уровень нуклеиновых кислот ниже а содержание 
нуклеогистона выше. Эти условия тормозят образование цветковой почки. Отсутствие пло­
да имеет противоположный эффект и при положительных условиях обеспечивает образо­
вание цветов. Заслуживает особого внимания то, что бесплоные пиковые верхушечные поч­
ки в действительности можно считать индуцированными для перехода в репродуктивное 
состояние. Возможно, что основа индукции отсутствие эндогенных факторов управля­
ющих ростом в зачатках семян молодых плодов (в основном гибберилин).

ХАРАКТЕРИСТИКИ NICHE ПОПУЛЯЦИЙ FESTUCA VAGINATA 
ПА ОСНОВАНИИ РАСТИТЕЛЬНЫХ И ПОЧВЕННЫХ МАКРО- И 

МИКРОЭЛЕМЕНТОВ

Г. ФЕКЕТЕ, И. ПРЕЧЕНЬИ, А. ХОРАНСКИ, Д. ТЕЛЬДЕШИ

Авторы изучали с трех дернов с доминантностью (Festuca naginata) индивидуумы 
Festuca naginata , а также исследовали содержание в ночве макро-и микроэлементов с той 
целью, чтобы изучить, какие свойства почвы надо принимать во внимание при описании



niche. Исследуемые элементы: К, Са, Р, Mg, Na, Al, Fe, Mn, Zn. Для оценки использовали Bj 
формулу (разделенную числом категории) и анализ Д 2. На основе последнего получили 
некоторую оценку с какой эффициенсией растения используют питательные элементы, 
педназначенные для самих себя. Среди трех популяций одна из них происходит с эдафич- 
ного полупустынного места (Фюлепхаза), другая с среднегористой местности (Несмей), а 
третья из Вацратота, все три с песчанных почв. У образца взятого из Вацратота ширина 
niche высчитанная на основе растение/почва, на пяти осях niche самая большая. В образце 
взятом из Фюлерхаза широты сужаются, возможно по причине их специализации. Широта 
niche образцов взятых из Несмей уже, чем у образцов Вацратота из за компетиции расте­
ний-спутников. Использование питательного вещества тремя популяциями различно, на 
основании результатов, полученных анализом Д2. На использование питательных ве­
ществ влияет активность и селективность растений.

ИССЛЕДОВАНИЕ ПЫЛЬЦЫ НЕКОТОРЫХ AMENT1 FLORAE ПРИ ПОМОЩИ 
ЭЛЕКТРОННОГО МИКРОСКОПА СКАННИНГ

М. КЕДВЕШ

Автор начинает новую серию статей об изучении пыльцы некоторых таксонов 
A m e n tiflo ra e  при помощи электронного микроскопа сканнинг. В этой статье автор занимает­
ся со следующими родами: C orylus, C a rp in u s, Ostrya, C asuarina.

ИЗУЧЕНИЕ ЦВЕТЕНИЯ И ГЕНЕРАТИВНОСТИ У ПОПУЛЯЦИЙ 
ADONIS VERNALIS L.

А. МАТЕ

Автор сделал следующие выводы на основе изучения процесса цветения и гене­
ративное™ у индивидуумов растений A d o n is vernalis L. Индексы Y и G. которые выражают 
цветение и генеративность можно использовать и для характеристики популяций. В резуль­
тате их использования можно определить возможность нахождения самого большого 
количества экземпляров растений в фенофазе полного цветения. Это фенофаза множествен­
ного цветения популяции. Значение индексов G, измеренных в стране расходится косо и это 
не совпадает с нормальным разхождением. В той же самой популяции у отдельных экзем­
пляров растений значение индекса G расходится также косо направо. Исследование фено- 
фазы цветения, как функции генеративности показало, что внутри популяции цветение 
растений с вамой большой генеративностью затягивается.

СОДЕРЖАНИЕ ЭЛЕМЕНТОВ В МЯГКОСТЕБЕЛЬНОЙ РАСТИТЕЛЬНОСТИ В ЛЕСУ 
QUERCUS CERRIS В ШИКФЕКУТ

И. МЕСАРОШ

Автор исследовал за вегетационный период 1974 и 1975 года содержание N, Р, К, Са, 
Mg, Fe, Mn и Na в мягкостебельных растениях произрастающих в Шикфекут в лесу 
Qucrcus cerris. На основании измерений, проведенных ежемесячно вычислили содержа­
ние элементов фитомассы мягкостебельных, разделение их по фракциям. Средние данные 
двухгодичных измерений показали, что максимальное содержание элементов фитомассы 
17,07 кг/га, и более чем 50% накопляется в подземных частях. Во фракциях фитомассы эле­
менты располагаются в следующем порядке:

надземные живые: К >  N >  Р >  Са >  Mg >  Fe >  Mn >  Na

подземные вымершие: N >  К >  Са >  Fe >  P >  Mg >  Mn >  Na

подземные: N > К >  Са > Г е  >  Mg > P S  Mn >  Na

Сравнивая подразделение элементов по фракциям автор определил, что значение надзем­
ной живой фитомассы снижается по накоплению различныхэлементов в следующем порядке- 
К, P. N, Na, Mg, Са, Mn, Fe что находится в противоречии с подземной фитомассой. 
Автор высчитал поглощение элементов мягкостебельной растительностью, отношение 
между фракциями однодневного накопления или потери питательного материала, а также 
отношение обмена элементами.



БРИОФИТИ ИЗ ШРИ ЛАНКА (ЦЕЙЛОН), III

М. ОНРЕДТ

Автор дает описание 2 новых ВИДОВ ДЛЯ науки: Cololejeunea ceylanica  O nr. и Colole- 
jeu n ea  hin idum ae  O nr. (H epalicae), коллекционированных от автором в Шри Ланке (Цей­
лон).

НЕТТО ПРОДУКЦИЯ ДЕРЕВЬЕВ ДУБОВОГО ЛЕСА (QUERCETUM PETRAEAE- 
CERRIS) НА ПЛОЩАДИ ОПЫТНОГО УЧАСТКА В ШИКФЕКУТ (СЕВЕРНАЯ

В Е Н Г Р И Я )

Л. Б. ПАПП

В статье даются данные по нетто продукции деревьев дубового леса (Quercus petraea,
Quercus cerris).

Годовая продукция нетто двух видов деревьев в лесу в сухом весе равна 10,784 т/га. 
Это количество содержит и количество листвы, съеденной гусеницами, которое в случае 
Quercus petraea приходится в среднем на гектар 1316, 2 кг, а в случае Q. cerris ежегодно 
равнялось 29,9 кг, каждый год между 1972 и 1975 годом (24,6%, 5,1 %-съедание гусени9 
цами). Большая часть годовой продукции нетто древесного яруса 71,4% составляет про­
дукция Quercus petraea  77,03 кг/га. Продукция Quercus cerris составляет 3080,8 кг/га 
(28,6%). Продукция древесного яруса 5,2 г/м2/день. Продукция листвы составляет 
53,5%/5765,0 кг/га от общей продукции деревьев. Измеренное, не корригированное 
весом съеденной гусеницами количество опавшей листвы составляет 4418,9 кг/га, 
84,2%-процента, 3722,8 кг/га попадает ежегодно на поверхность земли в форме опавшей 
листвы. 43,4, 45,1'’„-процент (4684,0 кг/га) дает годовой прирост веса деревьев, а 3,1% 
дают плоды и цветы. Г одовая продукция опавшей листвы компонентов дерева (опавшие 
листья, погибшие деревья) составляют 1782 кг/га, вернее в древесных компонентах де­
ревьев ежегодно накопляется 2902 кг/га органического вещества. Из проведенных иссле­
дований авторы определили, что большая часть ежегодной продукции нетто 5839,6 кг/га 
ежегодно попадает обратно на поверхность почвы, в противоположность с тем неболь­
шим количеством вещества (2902 кг/га), который откладывается в древенистых частях. 
В годичный вес фитомассы авторы не зачислили это количество веса 696,1 которые перед 
опадением листвы частично попало обратно в девенистые части и частично на поверхность 
почвы.

АНАЛИЗ АССОЦИАЦИИ ПА ОСНОВЕ ТЕОРИИ ИНФОРМАЦИИ

Я. ПОДА НИ

В статье авторы сообщают о новой разновидности анализа ассоциации. Параметры 
дивизии авторы опредлили на сонове теории информации, дивизным видом считают такой 
вид, у которого взаимная совокупность информации со всеми остальными видами макси­
мальная. Полученный результат авторы сравнили с результатами, почуленными способом 
аггломераций, а также анализом главных компонентов. Автор предлагает анализ ас­
социации использовать вместе с другими нумерическими способами.

РАСПОЛОЖЕНИЕ ВИДОВ В ТРЕХДИМЕНЗИОННОМ ПРОСТРАНСТВЕ
NICHE

И. ПРЕЧЕНЬИ, Г. ФЭКЭТЭ, Е. МОЛНАР, Е. МЕЛКО, К. ВИРАГ

В статье обсуждается отношение между шириной niche и overlap девяти песчано­
пустынно- дерновых видов, вместе в влажностью почвы и глубины корней включен до­
минантный вид Festuca vaginata  как третья ось по покрытию. Самая большая ширина niche 
на третьей оси у Carex stenophylla, а самая маленькая у Centaurea arenaria  На этой оси 
оценка средних overlap одинакова, на этом основании их разделение едва различимо. Ав­
торы также изучали расположение центра видов в трехдимензионном пространстве при 
помощи зквидного расстояния и анализа cluster. Два вида M edicago m in im a  и Thym us  sp. 
в каждой комбинации 3 осей образует cluster.



MANNIA TRIANDRA (SCOP.) GROLLE НОВЫЙ ЧЛЕН ВЕНГЕРСКОЙ
ФЛОРЫ МХОВ

И. ШИЛЛЕР

В статье описывается новый альийский вид мха M a n n ia  triandra  (Scop.) Grolle 
найденный в горах Бюкк (Венгрия). Этот редкий экземпляр в венгерской флоре несо­
мненно реликт из ледникового периода.

АНАЛИЗ РОСТА СВЕТОВЫХ И ТЕНЕВЫХ ЛИСТЬЕВ У QUERCUS CE R RIS
И QUERCUS PETRAEA

К. ВИРАГ

В статье автор занимается ростом площади и сухого веса у световых и теневых 
листьев двух видов дуба Quercus cerris и Q. petraea. Автор рассчитал характеристики роста 
RGR, NAR. LAR и RLGR для того, чтобы можно было проследить динамику продуктив­
ности фотосинтеза. Полученные результаты дают объяснение о временном образовании 
площади листьев, которые неодинаково обеспечены освещением, о ритме накопления 
органического вещества, а также об изменении показателей роста. Автор изучал насколько 
выражено сходство и различие процессов роста с одной стороны- между световыми и 
теневыми листьями, а с другой стороны — между двумя видами дуба. Анализы роста автор 
проводил в 1973, 1974 и 1975 году. Площадь листьев и вес осенивались, как факториальный 
опыт. Автор определил, что площадь световых листьев всегда намного меньше, чем у те­
невых. Однако вес их несмотря на меньшую площадь, всегда больше. В них проходит про­
цесс производства органических веществ более интенсивно. В световых листьях по срав­
нению с теневыми листьями RGR, выражающее ритм прибавления веса выше, а также 
выше и оценка отношения ассимиляции (NAR). В процессе роста листьев двух видов 
много сходства. Характеристики роста во времени в течении трех лет одинаковы. RGR 
NAR показывают изменение, соответствующее экспоненциальной показательной функции. 
У теневых листьев у двух видов едва имеется разница в интенсивности роста веса. Прибли­
зительно одинаковы оценки RGR а также NAR. У световых листьев у Quercus cerris 
быстрее ритм накопления веса, оценки RGR и NAR выше, чем у Quercus petraea. У Quercus 
cerris содержание энергии у световых листьев всегда больше, чем у Quercus petraea.
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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

S Z E R K E S Z T Ő S É G  ÉS  K I A D Ó H I V A T A L :  1054  B U D A P E S T ,  A L K O T M Á N Y  U T C A  21.

Az A cta  B o ta n ic a  n é m e t ,  angol, franc ia , sp an y o l és orosz nyelven  közöl értekezéseket 
a  b o ta n ik a  tá rg y k ö réb ő l.

Az A cta  B o ta n ica  v á lto z ó  te rjed e lm ű  fü z e te k b e n  je le n ik  m eg, tö b b  fü z e t a lk o t éven­
k é n t  egy k ö te te t.

A  közlésre szán t k é z i r a to k  a következő c ím re  k ü ld e n d ő k :

A c ta  B o ta n ic a , B u d a p es t 5 0 2 , P o s ta fió k  24 .

U gyanerre  a c ím re  k ü ld e n d ő  m inden szerk esz tő ség i és k iad ó h iv a ta li levelezés.
M egrendelhető a b e lfö ld  szám ára  az „ A k a d é m ia i K ia d ó ” -n á l (1363 B u d a p es t Pf. 24. 

B a n k sz ám la  215-11428), a  k ü lfö ld  szám ára  ped ig  a  „ K u l tú r a ”  K ü lk eresk ed e lm i V á lla la tn á l 
(1389 B u d ap es t 62, P . O .B . 149. B ankszám la 218-10990) v a g y  an n ak  k ü lfö ld i k ép v isele te i­
n é l, b izom ányosainá l.

D ie A cta  B o ta n ic a  v e rö ffe n tlic h en  A b h a n d lu n g en  au s  dem  B ereiche d e r bo tan ischen  
W issenschaften  in d e u ts c h e r , eng lischer, fran zö sisch er, span isch er u n d  ru ss isch er Sprache.

D ie A cta  B o ta n ic a  e rsc h e in e n  in  H eften  w ech se ln d en  U m fanges. M ehrere H efte  bilden 
e in en  B and .

D ie zur V e rö ffen tlic h u n g  b estim m ten  M a n u sk rip te  sind  an  fo lgende A dresse zu 
sen d e n :

A c ta  B o ta n ic a , B u d a p es t 5 0 2 , P o s ta fió k  2 4 .

A n die gleiche A n s c h r if t  i s t  auch jede fü r  d ie  R e d a k tio n  u n d  den V erlag  b estim m te  
K orresp o n d en z  zu r ic h te n .

A bonnem entspreis p ro  B a n d : $ 36.00.
B estellbar bei » K u ltú ra «  A u ß e n h an d e lsu n te rn e h m en  (1389 B u d a p es t 62, P .O .B . 149. 

B a n k k o n to  Nr. 218-10990) o d e r  se inen A u s la n d sv e rtre tu n g en .
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STUDY OF THE FIBER LENGTH FREQUENCY 
OF SOME CUBAN TREE SPECIES

By

K . H a b o s

RESEARCH INSTITUTE FOR WOOD INDUSTRY, BUDAPEST, HUNGARY 

(R eceived  20. F e b ru a ry , 1979)

In  the  p resen t p a p e r fib er leng th  freq u en cy  of 15 C uban wood species an d  sh rubs 
w as inv estig a ted . T h e  s tu d ied  species were as fo llow s: Curatella am ericana  L ., Calo- 
p h y llu m  a n tillanum  G riseb ., Guazum a ulm ifolia  L am ., Luehea speciosa W illd ., A lvaradoa  
amorphoides L iebm . ssp. psilophylla  (U rb .) C ronq ., Guarea guidonia  (L .) Sleum er, 
Trichilia  hirta  L ., C yrilla  racemiflora L., C u p a n ia  glabra  Sw., Lysilom a bahamensis 
B en th ., M yrsine  cubana  A. DC., M astichodendron fo e tid is s im u m  (Ja cq .)  C ronq., L in ó ­
déra  bumelioides G riseb ., Cordia sebestena L ., Quercus oleoides C. e t S. ssp. sagraeana 
(N u tt .)  B orhid i. As com p ariso n , two indigenous E u ro p e a n  species were in v es tig a te d  as 
well, nam ely: Quercus cerris L. var. austriaca (W illd .) L oud, and Popolus alba L.

In troduc tion

In  1 9 7 6 ,  M. V a l e s , h ead  d e p a rtm e n t of th e  B o tan ic a l In s ti tu te  of th e  A cadem y of 
Sciences of Cuba, m ade a s tu d y  trip  of five m o n th s in  H u n g a ry  w ith the  scho larsh ip  o f the 
H u n g a rian  A cadem y of Sciences a t  the  A natom ical L a b o ra to ry  of the  R esearch  In s t i tu te  for 
W ood In d u s try . H e b ro u g h t a collection  of 23 wood sam p les from  Cuba w ith  th e  in te n tio n  of 
s tu d y . D uring  his s ta y  in  H u n g a ry  M. V a l e s  e lab o ra ted  th e  an ato m ical fea tu res  o f 4  species 
u n d e r th e  sc ien tific  a tte n tio n  o f th e  a u th o r ( B a b o s  a n d  V a l e s  1 9 7 7 ,  V a l e s  a n d  B a b o s  1 9 7 7 ,  

V a l e s , B a b o s  and B o r h i d i  1 9 7 7 ) .  R etu rn in g  to  C uba, he le ft th e  collection in  the  m en tioned  
In s t i tu te ,  in exchange  fo r H u n g a r ia n  wood m ate ria ls . I n  th is  pap er, as an ap p lied  asp ec t of 
th ese  x y lo tom ic  s tu d ies  th e  f ib e r len g th  frequency of 1 5  C ub an  species from  th e  m entioned  
co llection  is in v es tig a ted  ( B a b o s  1 9 7 8 ) .

In  ad d itio n  to  th e  f ib e r len g th  frequency th e  follow ing featu res were m easu red  and 
in v es tig a ted : m ax im u m  fib e r d iam e te r, cell wall th ick n ess , lu m en  and shape of th e  f ib e r ends. 
T hese fea tu res  h av e  been  em p h asized  from  the o th e r a n a to m ic a l ch arac te ris tics  because  th ey  
h av e  th e  g rea tes t im p o rta n c e  in  view  of a possible in d u s tr ia l  ap p licab ility  (e.g. f ib reb o a rd  and 
ch ip b o a rd  in d u s try , p a p e r  in d u s try  etc.).

I t  is to be n o ted  th a t  these  trop ical species an d  sh ru b s  have no t been y e t exam ined  
fro m  su ch  respec t, th u s  th e  p re se n t exam inations a re  o f p io n eerin g  character.

Materials

T he stud ied  species a re  chosen from  the m o st v a rio u s  fam ilies, th ey  m ain ly  occure in 
th e  tro p ics and  th ey  w ere co llected  in d ifferent loca lities o f C uba. In  o rder to  co m p are , two 
E u ro p ea n  indigenous species w ere stu d ied  as well c o m p arin g  th e  resu lts of th e  f ib e r len g th  
m easu rem en ts. T ab le  1 in c lu d es  d a ta  re la ting  to th e  lo ca lities  o f each species.

1 A cta B o tan ica  A c a d e m ia e  Sc ien tia ru m  H ungaricae 25 , 1979
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Table 1

Wood collections and herbarium vouchers

Species and Authority 
F amily Collectors and date

Diameters 
of the wood 
sample, cm

Place of collection
Location of herbarium 

vouchers

Curatella americana L. Dilleniaceae M. V a l e s  and  A. B o r h i d i , 
Nov. 25. 1974

9.1 P in a r cerca de M ina de 
M ataham bre P in a r del

H erbarium  of th e  A cade­
m y of Sciences Cuba and 
collection in the  R esearch 
In s ti tu te  for W ood In ­
d u stry  B udapest

Calophyllum antillanum  Griseb. — 
Clusiaceae

M. V a l e s , N o v . 20. 1974 12.5 Sierra del R osario , P inar del 
Rio

”

Guazuma ulm ifolia  Lam . — Sterculiaceae M. V a l e s , Oct. 9. 1974 10.5 Escaleras de Ja ru co , L a H a ­
ban a

?»

Luehea speciosa W illd. — Tiliaceae M. V a l e s  and A. B o r h i d i , 
Nov. 22. 1974

10.0 Camino al Mogote la G üira, 
P in a r del Rio

”

Alvaradoa amorphoides Liebm . ssp. psilo- 
phylla  (U rb.) Cronq. — Simarubaceae

M. V a l e s  and  A. B o r h i d i , 
Dec. 15. 1974

4.5 Cabo San A ntonio, 500 m 
del F aro  R oncali, P in a r del 
Rio

”

Guarea guidonia  (L .) Sleum er M elia- 
ceae

M. V a l e s  and  A. B o r h i d i , 
Nov. 19. 1974

7 .3 Lom a E l Salon Sierra del 
R osario , P in a r del Rio ”

Trichilia  hirta  L. — Meliaceae M. V a l e s , Oct. 29. 1974 8.5 Lom a de Perle Jibaco a , La 
H ab an a

”

Cyrilla racemiflora L . Cyrillaceae M. V a l e s  and  A. B o r h i d i , 
Nov. 26. 1974

7.5 Loma P ré luda  P in a r del Rio «

C upania glabra Sw. — Sapindaceae M. V a l e s , Oct. 9. 1974 5.5 E scaleras de Jaru co , La 
H ab an a

H erbarium  of th e  A cade­
m y of Sciences Cuba and 
collection in  th e  R esearch 
In s ti tu te  for W ood In ­
d u stry  B udapest

Lysilom a bahamensis B en th . — M imosa- 
ceae

M. V a l e s , Feb. 20. 1975 8.0 Camino en tre  P laya  L arga y 
Girón, M antanzas

”
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_* M yrsine cubana A. DC. M yrsinaceae 
*

M. V a l e s  and A. B o r h i d i , 
Dec. 17. 1974

Mastichodendron foetid issim um  (Jacq .) 
Cronq. — Sapotaceae

M. V a l e s , May 8 . 1975

L inódéra  bumelioides Griseb. — Oleaceae M. V a l e s  and  A. B o r h i d i , 
Dec. 14. 1974

Cordia sebesteana L. Boraginaceae M. V a l e s  and A. B o r h i d i , 
Dec. 15. 1974

Quercus oleoides C. & S. ssp. sagraeana 
(N u tt.)  B orhidi — Fagaceae

M. V a l e s  and A. B o r h i d i , 
Nov. 23. 1974

Quercus cerris var. austriaca (W illd.) 
L oud. — Fagaceae

K . B a b o s  and G. H a j d ú , 
Sep. 15. 1972

о
a
Cg Popolus alba L. — Salicaceae
a
a

K . B a b o s , M ay 14. 1977

4.2 E n tra d a  de la réserva de El 
Veral G uanahacabibes, Pi- 
na r del Rio

6.8 Cerro T uabaquey , N orte  de
Cam agüey

8.5 E l V eral G uanahacabibes,
P in a r del Rio

7.8 Cabo San A ntonio, a 500 m
del Faro  Roncali

9.0 P inar sobre p izarra  en tre  la 
Ja g u a  P in a r del Rio

20.0 Som ogyaszaló, Deseda-völgy H erbarium  of th e  R e­
search In s ti tu te  for W ood 
In d u s try  B udapest

45 K erekegyháza

ID

FIB
E

R
 LEN

G
TH

 O
F C

U
B

A
N

 T
R

E
E

 SPE
C

IE
S



180 BABOS, К .

B rief M orphological D escription o f  th e  Studied Species

Curatella americana  —  sh ru b  of h e igh t up  to  6— 8 m . C alophyllum  a n tillanum  —  tre e  of 
h e ig h t u p  to  3 0  m. G uazum a u lm ifo lia  —  tree  of h e ig h t u p  to  2 0  m. Luehea speciosa — tre e  of 
h e ig h t u p  to  2 5 — 3 0  m . Alvaradoa amorphoides ssp. p silo p h ylla  sh rub  or tree  o f h e igh t up 
to  1 5 — 2 0  m . Trichilia  hirta  —  tre e  o f h e igh t up  to  2 5 — 3 0  m . Guarea guidonia  — tree  o f h e ig h t 
up  to  3 0 — 3 5  m. Cyrilla racem iflora  —  sh rub  or tree  o f h e ig h t u p  to 1 5 — 2 0  m. C upania  glabra 
— tree  o f h e ig h t up  to  3 0 —3 5  m. Lysilom a bahamensis —  tree  o f heigh t up  to 2 0 — 2 5  m. M yr-  
sine cubana  — endem ic sh ru b  or tree  of h e igh t up  to  10 m . M astichodendron fo e tid issim u m  
tree  o f h e ig h t up  to  2 5 — 3 0  m. L in ó d éra  bumelioides —  sh ru b  or tree  of heigh t up  to  1 0 -  1 5  m. 
Cordia sebestena —  sh ru b  or tree  o f heigh t up  to  8— 1 2  m . Quercus oleoides ssp. sagraeana  — 
tree  o f h e ig h t up  to 18— 2 0  m  ( B a b o s  and B o r h i d i  1978). Quercus cerris var. austriaca  — tree  
o f h e ig h t u p  to  25— 3 0  m. P opolus alba — tree  of h e ig h t up  to  16— 2 0  m ( B a b o s , F il l ó  and 
S o m k u t i  1979).

I t  is to  be m en tio n ed  th a t  th e  C uban species h a v in g  a tro p ical origin, do n o t form  
a n n u a l rings. H ow ever, th e  tw o hom e grown contro l species hav e  a ty p ica l te m p e ra te  origin, 
and  th e y  p ro n ounced ly  form  annual rings.

M ethod o f E x am in a tio n

B locks of l x l  cm  w ere m ad e  from  th e  h ea rtw o o d  of th e  sam ple disks o f th e  s tu d ie d  
species. T h e  b locks w ere c u t  in to  pieces along the  f ib re  d irec tio n , th en  th ey  w ere in d u lg e n tly  
p u lp ed  w ith  a  Sch ulze  m ac e ra tin g  solu tion . The p u lp ed  m ate ria ls  were dyed w ith  a 5 per 
cen t d ilu te d  so lu tion  of T o lu id in  b lue, and p re p a ra tio n s  w ere  m ade. The m easu rem en ts  o f th e  
f ib e r  len g th s  w ere carried  o u t w ith  a Zeiss m icroscope p ro v id ed  w ith  a video p ro jec tiv e  screen , 
m ag n ified  120-tim es, b y  m eans of a square  grid. T he m easu rem en ts  of th e  fib er d iam e te r  an d  
lu m ens, a n d  th e  ex am in a tio n  of th e  fiber ends were m ad e  w ith  a Zeiss  m icroscope, an  ocu lar 
m ic ro m eter, m agnified  300-tim es.

T h e  w hole n u m b er o f th e  m easu rem en ts  w as 1500 (m easu rem en ts  of 100 fib ers  fo r th e  
15 species).

T h e  m easu red  d a ta  w ere conv erted  in to  m icrons ( /ш )  an d  b ro u g h t to g e th e r for each  
species, th e n  frequency  d iag ram s w ere draw n.

T h e  d a ta  were e v a lu a te d  w ith  a m a th e m a tic a l-s ta tis t ic a l  m ethod. M a th em atica l m ean  
va lues (X ), th e  s ta n d a rd  d e v ia tio n  of th e  m ean  v a lu es (S), th e  erro r d ev ia tio n  of th e  m ean  
v a lu es (S*) an d  th e  coefficien t of v a r ia tio n  of th e  m ean  v a lu e  (S^-%) were calcu la ted  (S váb 1967).

T h e  lis ted  m a th e m a tic a l fea tu res  w ere ca lcu la ted  to  ev a lu a te  only th e  d a ta  o f f ib e r 
len g th . O nly  m a th e m a tic a l av erage  values an d  m in im u m -m ax im u m  values are g iven  for th e  
wall th ick n ess and  cell c av ity .

R esu lts  of the  E x am in a tio n s

Fiber length

T h e m ean  values o f th e  fib er leng th  m e a su re m e n ts , as well th e  n u m b e r  of 
o ccu rren ce  of each ra n g e  an d  th e  freq u en cy  cu rv es p lo tte d  from  th e  o b ta in ed  
d a ta  fo r each species h av e  g iven  a good co m p ariso n .

T h e  m ean  va lu es  and  th e ir  s ta n d a rd  d e v ia tio n s  as well o th e r s ta tis tic a l 
d a ta  a re  given in  th e  T ab le  2.

F ig u res  1, 2, 3 an d  4 illu s tra te  th e  tra n s fo rm a tio n s  of th e  d is tr ib u tio n  
cu rves p lo tte d  for each  species from  th e  f re q u e n c y  d a ta . A m ong th e  s tu d ie d  
species on ly  G uazum a , A lvaradoa. C yrilla , M y rs in e , C upania , L in ó d é ra , Popo-

A cta  B o ta n ica  A cadem iae S c ien tia ru m  H ungaricae 25, 1979
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Fig. 1. D istrib u tio n  o f th e  fiber length  freq u en c ies  in som e C uban tree species. — 1. C uratella  
am ericana , 2. Calophyllum  antillanum , 3. G uazum a u lm ifo lia , 4. Luehea speciosa, 5. A lvarndoa

amorphoides ssp . psilophylla

Fig. 2. D istrib u tio n  of th e  fib er length freq u en c ies  in som e C uban tree species. —  1. Guarea  
g u idon ia , 2. Trichilia  h ir ta , 3. Cyrilla racem iflora , 4. C u p a n ia  glabra, 5. Lysilom a baham ensis

lu s  w ere found  to  show  a norm al d is tr ib u tio n  or a form  very  sim ilar to  t h a t  
(see F igs 1, 2, 3, 4).

A d isp lacem en t o f  th e  d is tr ib u tio n  on th e  le ft was found in th e  L y s i l o m a , 

M a s t i c h o d e n d r o n , Q u e r c u s  o leo id es  ssp. s a g r e a n a  (see F ig . 2). A d isp la c e m e n t o f 
th e  d is tr ib u tio n  on th e  righ t-side w as fo u n d  in  C a l o p h y l l u m ,  T r i c h i l i a ,  L i n ó ­

d é r a ,  C o r d i a  (see F ig s  1 and  3). A p la in  d is tr ib u tio n  was found in C u r a t e l l a ,  

G u a r e a ,  Q u e r c u s  c e r r i s  v a r. a u s t r ia c a  (see F igs 1, 2, 3).

A cla  H olanica A cadem iae  Scientiarurn Hungaricae  2 5 ,  1979
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F ig . 3. D is tr ib u tio n  p a t t e rn  o f th e  fiber len g th  freq u e n c ie s  in  som e C uban tree  species. —  
1. M y rs in e  cubana, 2. M astichodendron fo e lid is s im u m ,  3. L in ó d éra  bumelioides, 4. Cordia

sebestena

F ig . 4. D is tr ib u tio n  p a t t e r n  o f th e  fiber len g th  freq u en c ie s  in  C uban an d  E u ro p e a n  tre e  
species. 1. Quercus oleoides ssp . sagraeana, 2. Quercus cerris va r. austriaca, 3. P o p u lu s alba

T he average  f ib e r  len g th  values o f M a s t i c h o d e n d r o n ,  G u a r e a ,  A l v a r a d o a ,  

L u e h e a , G u a z u m a ,  C a l o p h y l l u m ,  C u r a t e l l a , P o p o l u s  a lb a  were g rea te r  th a n  th o se  
o f  Q u e r c u s  c e r r i s  v a r . a u s t r i a c a .  Low er f ib e r  le n g th  values w ere fo u n d  in  C o r ­

d i a ,  L i n ó d é r a ,  M y r s i n e ,  L y s i l o m a ,  C u p a n i a ,  C y r i l l a ,  T r i c h i l i a .  As an  in te re s tin g  
fa c t  w as observed  t h a t  in  th e  tw o Q uercus species belonging to  selfsam e fam ily  
th e re  are  v e ry  s im ila r fib er leng th  v a lu e s  (Q u e r c u s  o le o id e s  ssp. s a g r a e a n a

A c ta  B otanica A cadem iae  S c ie n tia ru m  Ilungaricae 25, 1979
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Table 2

M ean values o f  the fib e r  measurements

Species Family X
/um

± 8
/ t a n

»7
/um ■ï%

Curatella americana  L. Dilleniaceae 1 7 9 2 . 7 5 2 8 3 . 0 7 1 9 9 . 7 4 1 1 . 1 4

C alophyllum  an tillanum  Griseb. Clusiaceae 1 3 1 9 . 8 9 1 9 4 . 7 7 7 9 . 3 8 6 . 0 1

G uazuma ulm ifolia  Lam . Sterculiaceae 1 4 5 0 . 5 3 2 9 0 . 0 7 9 0 . 9 2 6 . 2 6

Luehea speciosa W illd. Tiliaceae 1 3 0 7 . 8 2 2 2 9 . 2 6 8 4 . 5 6 6 . 4 6

Alvaradoa amorphoides L iebm . ssp. 
psilophylla  (U rb .) Cronq. Simarubaceae 1 4 4 2 . 0 1 2 4 2 . 3 3 2 4 9 . 3 1 1 7 . 2 8

Guarea guidonia  (L .) Sleum er. Meliaceae 1 6 6 6 . 3 7 4 4 8 . 8 6 3 3 6 . 5 0 2 0 . 1 9

T rich ilia  hirta  L. Meliaceae 1 1 1 3 . 2 8 1 6 6 . 0 8 7 3 . 8 9 6 . 6 3

C yrilla racemiflora L. Cyrillaceae 8 5 8 . 5 0 1 3 5 . 9 2 6 4 . 8 1 6 . 7 6

C upania  glabra Sw. Sapindaceae 1 0 8 2 . 0 4 1 8 3 . 3 5 7 1 . 0 0 6 . 5 6

Lysilom a bahamensis B enth . Mimosaceae 8 2 9 . 2 8 1 2 0 . 1 9 6 4 . 8 1 7 . 8 1

M yrsin e  cubana A. DC. M yrsinaceae 9 4 8 . 5 6 1 6 0 . 9 8 7 3 . 8 9 7 . 7 9

M astichodendron foetid issim urn  (Jacq .) 
Cronq. Sapotaceae 1 5 9 2 . 5 3 2 6 0 . 4 7 3 1 0 . 0 2 1 9 . 4 6

L in ó d éra  bumelioides Griseb. Oleaceae 1 1 1 5 . 4 1 1 3 0 . 8 9 7 1 . 0 0 6 . 3 6

Cordia sebestena L. Boraginaceae 1 0 4 5 . 8 3 1 9 7 .1 1 8 6 . 8 9 8 . 3 0

Quercus oleoides C. & S. ssp. sagraeana 
(N u tt.)  B orhid i Fagaceae 1 2 4 1 . 0 8 2 4 2 . 8 6 8 4 . 4 1 6 . 8

Quercus cerris va r. austriaca (W illd.) 
L oud. Fagaceae 1 2 4 9 . 6 0 2 8 1 . 6 5 1 4 4 . 9 0 1 1 . 5 9

Popolus alba L. Salicaceae 1 4 3 1 . 7 1 2 8 3 . 1 7 1 2 1 . 2 4 8 . 4 6

1241.08 /m i, Quercus cerris v a r . austriaca  1249.60 fim ). H ow ever, b e tw een  th e  
co rresp o n d in g  values o f Guarea and  T rich ilia  belonging  to  th e  sam e  fam ily  
(M eliaceae) as well, th e re  is a s ig n ifican t d ifference  (Guarea g u id o n ia  1666.37 
/m i, T rich ilia  h irta  1113.28 fim ). I t  is to  b e  em phasised  th e  h igh  m ean  fib e r 
len g th  v a lu e  o f Curatella am ericana  (1792.75 /m i).

W all Thickness and L u m en  o f  the F ibers

V alues o f w all th ick n ess  and  lum en  o f f ib e rs  and  th e  tra n s fo rm a tio n s  of 
th e  f ib e r  ends are  co n ta in ed  in  T ab le  3.

A ccord ing  to  d a ta  o f  th e  T ab le , M astichodendron  and  Guarea  h a v e  th e  
la rg es t w all th ick n ess . Luehea  has th e  m o st u n ch an g in g  w all th ic k n e ss . T he 
la rg e s t lum en  w as found  in  Curatella  an d  P opolus alba. T he f ib e r  en d s h a v e  no 
s ig n if ican t d ifferences. H ow ever, th e  b ifu rc a tin g  fib er ends (fe lting ) a re  ad-
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Table 3

W all thickness and lumen measures o f  the fib ers

Species
Wall Thickness ц т  

Min. — Average Max.
Lumen in //m 

Min. — Average -  Max. Fiber End

Curatella americana 3 . 4 -  9.0 — 12.6 6.9 — 15.4 25.3 Ending in a sm o o th  peak  
or saw -toothed an d  b i­
furcating

C alophyllum  antilanum 6.9 -  7.8 —11.5 4 . 6 -  7 . 6 -  9.2 E nding in a sm oo th  peak , 
rare ly  b ifu rca ting

G uazum a u lm ifo lia 3.5 6.4 -  9.2 2.3 - E nding in a sm oo th  p eak , 
rare ly  saw toothed

Luehea speciosa  

A lvaradoa amorphoi-

2.3 3.5 1.9 9.2 Long ending in  a peak , 
m ildly saw -too thed , ra re ­
ly b ifurcating

Long ending in a peak ,
des ssp. psilophylla 2 . 3 -  3.6 4.6 4 . 6 -  9 .0 — 14.9 saw -toothed, ra re ly  b i­

furcating

Guarea gu idon ia 9 .2 -1 2 .8  13.8 4.6 9 .3 - 1 3 .8 Ending in a sm oo th  peak

Trich ilia  hirta 6 . 9 -  9.7 — 11.5 2 . 3 -  4 . 6 -  6.9 Ending in a sm oo th  peak , 
saw -toothed

Cyrilla racem iflora 6 . 9 -  8.1 - 1 1 .0 2.3— 4 .0 — 4.6 E nding in a sm ooth  peak , 
rarely  saw -too thed

C upania  glabra 3 . 5 -  6.3 -  9.2 4 .6 - 1 1 .2 - 1 6 .1 Ending in a sm o o th  peak

L ysilom a  bahamensis 6 . 9 -  8.6  -  9.2 4 . 6 -  8 .3 -  11.5 Ending in a sm o o th  peak

M yrsin e  cubana  

M astichodendron

9 .2 -1 1 .6  - 1 4 .2 6 .9 - 1 4 .9 - 2 0 .7 Ending in a sm o o th  peak 

Long ending in a p eak  or
fo e tid is s im u m 1 1 .5 -1 6 .1  —20.7 -  2.3 saw -toothed

L in ó d éra  bumelioides 4 . 6 -  9.7 - 1 3 .8 2 . 3 -  3 . 4 -  4.6 Long ending in  a peak , 
som etim es b ifu rca tin g  
and saw -toothed

Cordia sebestena 

Quercus oleoides ssp.

5.7 4 . 6 -  5 .8 - 1 3 .8 Ending in a sm o o th  peak , 
som etim es b ifu rca tin g

Long ending in  a peak .
sagraeana

Quercus cerris var.

3.9 5.1 -  6.9 2.3 - som etim es b ifu rca tin g  

Long ending in  a  p eak ,
austriaca 2 . 3 -  5.3 -  8.5 2 . 3 -  4 . 6 -  6.9 som etim es b ifu rca tin g

Popolus alba 2 . 3 -  3 .4 5 -  4.6 4 .6 - 1 3 .8  — 25.3 Ending in  a sm o o th  peak , 
rare ly  b ifu rca tin g , saw ­
too thed

v a n ta g e o u s  in  resp ec t of d efibering . Such f ib e r  ends were found  in  C u r a t e l l a  

an d  M a s t i c h o d e n d r o n .  B ifu rc a tin g  fib er ends w ere ra re ly  found in C a l o p h y l l u j n , 
L u e h e a , A l v a r a d o a , L i n ó d é r a ,  C o r d i a ,  Q u e r c u s  o l e o i d e s ,  Q . c e r r is  v ar. a u s t r i a c a  

an d  P o p o l u s  a lb a .  A t th e  in d u s tr ia l ap p lica tio n  o f  th e  wood fiber b o a rd  th e  
degree  o f  fe ltin g  is g re a tly  in fluenced  by  tw o  im p o r ta n t  factors besides th e  
fib e r e n d , n am ely  th e  f ib e r  le n g th  and  wall th ic k n e ss .
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PHYTOPLANKTON COMMUNITY STRUCTURE STUDIES 
ON LAKE VELENCE, HUNGARY. -  I. DIVERSITY

By

Z s .  B a r t h a  a n d  L .  H a j d ú

R E S E A R C H  C E N T R E  FO R  W A T E R  R E S O U R C E S  D E V E L O P M E N T  IN S T IT U T E  
F O R  W A T E R  P O L L U T IO N  C O N T R O L  (V IT U K I) , B U D A P E S T  

B O T A N IC A L  D E P A R T M E N T  O F  T H E  M U S E U M  O F  N A T U R A L  S C IE N C E S , B U D A P E S T , H U N G A R Y

(R ece iv ed  A pril 15, 1978)

Species com position  an d  q u a n ti ta t iv e  analyses o f p h y to p la n k to n  w ere carried  
o u t in th ree  areas of d ifferen t e u tro p h ic  level o f L ake  V elence; 242 ta x a  w ere d e te rm ined , 
o f w hich 118 d a ta  a re  new  for th e  L ak e . D iv e rs ity  was calcu la ted  fro m  th e  d a ta  using 
S h a n n o n ’ s  fo rm ula .

On th e  basis o f ou r m eth o d o lo g ical ex am in atio n s for te s tin g  th e  p h y to p la n k to n  
d iv ers ity  is suggested , th e  m eth o d  of o p tim iz in g  th e  to ta l co u n t o f in d iv id u a ls  (O PT).

I t  has been s ta te d  th a t  th e  ra re  species do n o t con sid erab ly  in flu en ce  th e  di­
v e rs ity  index.

In  a decreasing  sequence o f  th e  d iv e rs ity  in d ex  of the  p h y to p la n k to n  co m m u n ity  
collected, the  th ree  a reas of L ak e  V elence w ere as follows: F ü rd e tő , N em fog i-tisz tás, 
Gallér. F ü rd e tő  p o llu ted  by  tw o  creeks was th e  m ost favourab le  h a b i ta t  fo r p lan k to n  
algae in 1972. T he reaso n  is t h a t  th e  p la n t n u trie n ts  reach ing  th e  L ak e  still cause 
increasing  ten d e n cy  in  d iv ers ity  o f th e  p h y to p la n k to n  in F ü rd e tő . In  th e  n e x t two 
y ears, the  increase  in  th e  n u tr ie n t  su p p ly  led  to  a su b s ta n tia l  decrease  in  d iversity . 
A ccording to  ou r h y p o th esis th e  d iv e rs ity  in d ex  increases w ith  in c re as in g  e u tro p h ica ­
tio n  level in  a ce rta in  dom ain , w hile  a f te r  reach in g  the  tu rn in g  p o in t i t  h a s  a decreas­
ing  tendency.

In tro d u c tio n

T he d iversity  in d ex  o f n a tu ra l b iocoenoses p ro v id es im p o rta n t in fo rm a tio n  to  hydro- 
b io log ists and th e  spec ia lis ts  in  the  fie ld , o n  th e  s tru c tu re  and living c o n d itio n s  o f th e  given 
c o m m u n ity , th erefo re , th ro u g h o u t th e  w o rld  i t  is increasing ly  used. I n  th e  p re se n t s tudy , 
species com position  and  q u a n tita tiv e  an a ly se s  o f p h y to p la n k to n  w ere c a rr ied  o u t in  th ree  
a rea s  o f L ake Velence to  ca lcu la te  th e  spec ies-in d iv id u a l d iversity  fro m  th e  d a ta  ob ta ined . 
A t th e  sam e tim e, m ethodo log ical e x a m in a tio n s  w ere also perform ed to  d e te rm in e  th e  m ost 
su itab le  m ethod  for q u a n ti ta t iv e  an a ly ses o f  d iv e rs ity  and  to clarify  th e  ro le o f  ra re ly  occur­
rin g  species.

In  th e  1930s, H a l á s z  (1939, 1940) d e a lt  w ith  th e  d e ta iled  analysis o f th e  a lgal flo ra  in 
L ak e  Velence. Some o th e r  d a ta  were p u b lis h e d  b y  D a d  a y  (1897), E n t z  (1927, 1930), G i m e s i  

(1936), an d  S c h i e f n e r  (1964). U n g e r  (1 9 2 5 ) e la b o ra te d  q u a n tita tiv e  an a ly se s. T h e  w ork -team  
o f V IT U K I has been  co n d u c tin g  in v e s tig a tio n s  in to  th e  L ake since 1969. A lgological resu lts 
w ere published  by  B a r t h a  (1977).

M aterials an d  M ethods

On the  basis o f earlie r d a ta  ( B a r t h a  1977) th ree  research  areas d iffe re n t in  ch arac te r 
w ere selected  (F ig. 1). T he sam ples ta k e n  fro m  sp rin g  to  a u tu m n  in 1972 w ere chosen  for our 
ex am in a tio n s , since a t  t h a t  tim e these  a rea s  were still defin itely  se p a ra te d  fro m  each  o ther 
fro m  th e  p o in t of view  of w a te r  q u a lity .
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In  th e  reeds of th e  S W -p a rt  o f  th e  L ake is s i tu a te d  th e  reeds-clearing  called  G allér, 
be longing  to  th e  ch arac te ris tic  e x am p le s  of th e  so-called d a rk -b ro w n  w ater area. I ts  w a te r  is 
clear u p  to  th e  b o tto m  an d  i ts  co lo u r dark -b row n  (ow ing to  th e  low  c o n ten t of susp en d ed  
solids, th e  b ro w n  colour of h u m u s  is  p red o m in an t). A ccord ing  to  F e lfö ld y ’s m easu rem en ts th e  
w a te r  is m o d e ra te ly  alcaline (sod ic), i t s  co n d u c tiv ity  is 2200 • 10-  6 o h m -  1cm -  1 (average  v a lu e , 
1972). T h e  p h y sica l pa ram ete rs  (a v e ra g e  w a te r d ep th , te m p e ra tu re )  a n d  th e  m ain  ions—to g e th e r 
w ith  th e  co rrespond ing  d a ta  fro m  th e  o th e r  tw o resea rch  a rea s  a re  sum m arized  in T ab les  1 
and 2. T h e  q u a n ti ty  of p h y to p la n k to n  in  Gallér co m pared  to  th e  o th e r  sam pling  areas is sm all, 
2— 5 m illions i. l i t . -1  (i =  in d iv id u a l)  (see T able  6).

T h e  N em fogi-tisztás be lo n g s to  th e  grey w aters  a rea  co n sis tin g  of large, c o n tin u o u s  
w a te r-su rfa ce s  in  the  m iddle p a r t  o f th e  Lake. Owing to  m o tio n s  an d  co n stan t s tirr in g , its  
w a te r  is tu rb id .  T he ion c o n c e n tra t io n  is high, its  c o n d u c tiv ity  is 2425 • 10“ 6 o h m - 1 cm -1

(av erag e  v a lu e , 1972). On th e  b asis  o f  i ts  inorganic  chem ical p ro p e rtie s  th e  w ater has a  c h a r­
ac te r b e tw ee n  m odera te ly  an d  so lid ly  a lkaline  (sodic) w a te r. T h e  q u a n ti ty  of algae is a t  an  
av erage  leve l (5— 7 m illions i. l i t . - 1 ).

T h e  th ird  research  area  w as F ü rd e tő ,  w hich is lo ca ted  in  th e  N E  end of th e  L ak e . I t  is 
a shallow  a re a  w ith  a reedless sh o re  p o llu te d  by  his creeks. As a  consequence of s t ir r in g  up  
th e  h igh  su sp en d ed  solid c o n te n t o f in flow ing  stream s an d  r ic h  p h y to p la n k to n  th e  w a te r  is 
v e ry  tu rb id .  I t s  colour, especially  in  su m m er, is defin ite ly  g reen , th is  is w hy  th e  a rea  is called  
th e  g reen  w a te r  area. The w a te r is m o d e ra te ly  alkalic its  c o n d u c tiv ity  is 2034 • 10-  6 o h m "  1c m -  1 
(average  v a lu e , 1972), is v ery  p ro d u c tiv e  and  strong ly  a lgal (32— 98 m illions i. l i t . -1 ).

T h e  ch ara c te riz a tio n  of th e  w a te r  q u a lity  areas a n d  th e  ch em ica l d a ta  have been  ta k e n  
from  F e l f ö l d y ’s w ork (m an u sc rip t 1973 and  1976) (T able 2).

F o r  th e  q u a n tita tiv e  an a ly se s  250 m l of w ater w as ta k e n  fro m  a p o in t 30 cm below  th e  
surface , w h ich  w as fixed  a t  th e  s ite  w ith  lugol-solution an d  th e n  t r e a te d  w ith  form alin . T h e  
co u n tin g  fro m  th e  a liquot p a r ts  o f th e  sam ples was carried  o u t  b y  m eans of th e  U te rm ö h l 
rev ersed  m icroscope.

T h ree  m eth o d s of c o u n tin g  w ere  applied to th e  m eth o d o lo g ica l ex am inations. F o r 
p ra c tic a l p u rp o ses  th e  m ethods w ere  d e s ig n a ted  sep a ra te ly  as follow s.

(1) T h e  m eth o d  of co u n tin g  u p  to  a  fixed  to ta l co u n t (F I X ) ;  coun ting  a fixed  n u m b er 
of in d iv id u a ls  (600 ind iv iduals) in  e a c h  sam ples;

(2) “ A lgologists m eth o d ”  (A L G ); coun ting  the  a lgal in d iv id u a ls  on 3— 5 d iagonal lines 
b y  sam ples (algologists u sua lly  a p p ly  th is  m ethod  in th e ir  q u a n ti ta t iv e  exam inations);

(3) O p tim iza tio n  of th e  to ta l  c o u n t  (OPT). In  th is  case th e  d a ta  of each d iagonal wil 1 
he reco rd ed  se p a ra te ly  and th e  d iv e r s i ty  will he d e term ined  fro m  th e  cu m u la tively  in creased  
sam ples. T h e  co u n tin g  will be c o n tin u e d  u n til th e  increase  o f th e  d iv e rs ity  index  slows dow n, 
its  cu rv e  f la t te n s  and i t  sa tis fa c to r ily  app ro x im ates an  a sy m p to tic a l va lue  ch ara c te ris tic  for 
th e  sam p le . B y  draw ing th is cu rv e  one  can see, w hen in v o lv in g  new er sam ples th e  curve, 
f lu c tu a te s  a n d  is like an incisor a sa w -to o th .

N a tu ra l ly ,  these f lu c tu a tio n s  g ra d u a lly  slow dow n to w a rd s  increasing  N (w here N  is 
the  n u m b e r o f ac tu a lly  co u n ted  a lg ae) b u t  th ey  can  be  o b se rv ed  th ro u g h o u t. Two re q u ire ­
m en ts  m u s t be  co-ord inated  o p tim a lly  here: counting  m u st b y  all m ean s be con tinued  till th e
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Table 1

Physical parameters and changes in dissolved 0.,, 1972

T im e  o f  sam pling
G allér N em fo g i-tisz tá s F ü rd e tő

D ep th ,
cm

Secchi 
d e p th , cm

D e p th ,
cm

Secchi 
d e p th , cm

D e p th ,
cm

Secchi 
d e p th , cm

19. April 135 135 205 58 115 22

19. May 140 140 200 35 60 25
20. Ju ly 135 135 180 55 110 17

4. Sep tem ber 125 125 180 60 100 18
1. O ctober 140 140 200 37 100 27

T em p era tu re  
o f  w ater,

°c

D issolved 0 2, 
mg/1

10 cm  below  
th e  free su rface

T e m p era tu re  
o f  w a te r,

°c

D issolved 0.,, 
mg 1

10 cm  below 
th e  free surface

T e m p era tu re  
o f  w a te r,

°c

D issolved  0 2, 
mg/1

10 cm  below 
th e  free surface

19. April 14.5 10.0 14.8 10.0 15 10.5

19. May 17 9.9 17.5 9.7 20 13.8
20. Ju ly 25 8.5 26 10.3 25 10.4

4. Sep tem ber 21.5 9.6 20.8 8.6 21.5 10.2

1. O ctober 13.5 10.4 13 10.2 12 11.8

f la tte n in g  section  of the  curve  is reach ed , b u t  so fa rth e r , because th e  tire so m e  m icroscope 
w ork has to  be m inim ized.

T he to ta l  co u n t of in d iv id u a ls  (N ) in  a sam ple  is th e  sum  of coun ts in  in d iv id u a ls  by  
species (nj). T his can  be the n u m b er of in d iv id u a ls  c o u n te d  under the m icroscope or a value 
referred  to  a litre  volum e, since S h a n n o n ’ s  fo rm ula  used  here does no t reg is te r th e  d ifferences 
in m ag n itu d e  of th e  two da ta .

To explaine  the  role of ra re ly -o ccu rrin g  species a lso  th e  whole base p la te  w as exam ined 
in  each case.

Table 2

The quantity o f  the m ain  ions 
( October 1972), mg/lit.~  1

G allér N em fog i-
t is z tá s

F ü rd e tő

К 43 42 38

Na 239 250 214
Ca 19 16 21

Mg 148 170 146

c o 3 132 126 126

НСОз 488 658 591

Cl 151 154 139

SO 4 300 309 244
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In  accordance w ith  th e  p ro ced u re  generally  ap p lied  in  hydrobio logy  th e  n u m b e r of 
a lgal in d iv id u a ls  was a lw ays c o u n te d  th a t  is the  colonies, th e  f ilam en ts  and coenobies w hich  
be lo n g ed  to g e th e r were ta k e n  as one  ind iv idual. T he r e su lt  w ere  re-ca lcu lated  for one l ite r  
(i. l i t e r -  1 =  in d iv iduals p e r lite r) .

M an y  indices for c o m p u tin g  th e  d iversity  h av e  b een  d e te rm ined . T heir p re sen ta tio n  
a n d  co m p ariso n  m ay  be fo u n d  in  sev e ra l works ( W i l h m  1967; A r c h i b a l d  1972; D e  B e n e d i c t i s  

1973; S t o n e b u r n e r ,  S m o c k  a n d  E i c h h o r n  1976; N ő s e k  1976; H a j d ú  1977; L i l l j e l u n d  

1977). T h e  good indices c h a ra c te riz e  th e  s tru c tu re  of th e  a sso c ia tio n  tak in g  in to  co n sid era tio n  
th e  n u m b e r  o f species an d  th e ir  re la tiv e  frequency  s im u lta n eo u s ly  ( P i e l o u  1975).

O n th e  basis of ea rlie r ex am in a tio n , th e  w e ll-p roved  S h a n n o n ’ s  fo rm ula  fro m  th e  
in fo rm a tio n  th eo ry  was u sed , w h ic h  tak es in to  co n sid era tio n  th e  m ore freq u en t species to  a 
la rg e r e x te n t ,  while i t  also re g is te rs  th e  changes in  th e  fre q u e n c y  or rare ly -occuring  organ ism s 
( Р е е т  1974). T he index  w as c a lc u la te d  w ith  a lo g arith m  b a se  to  2, from  d a ta  on in d iv id u a l 
p e r species.

R esu lts  and D iscussion

Species Composition

In  th e  course of e x a m in in g  th e  species co m p o sitio n  of th e  p h y to p la n k to n , 
200 species o f 78 genus, 29 v a r ie tie s  and 7 form s w ere  d e te rm in ed . A m ong tho se  
118 t a x a  are  new to  L ak e  V elence.

T h e  d a ta  of species com position  and  q u a n t i ta t iv e  analyses are  su m ­
m arized  in  T able 6 ( th e  new  ta x a  are m arked  b y  an  asterisk ).

T h e  research  areas G a llé r and  F ü rd e tő  are  rich  in  ta x a , while th e  N em  fogi- 
t is z tá s  is poorer. T he m em b ers  of th e  Chlorophyta  d iv is io n  are d o m in a n t in all 
th e  th re e  areas. The C hrysophyta  and C yanophyta  d iv isions are also re p re se n te d  
in  a co n sid erab le  n u m b e r. In  th e  Gallér area th e  m em b ers  o f P yrrophyta , while 
in  th e  o th e r  tw o a reas  th o s e  of E uglenophyta  o ccu rred  in  g rea te r n u m b e r.

A  la rg e  p o rtio n  o f  t a x a  (94) occurred in  all th re e  sam pling sites, b u t  in  
G allé r an d  F ü rd e tő  th e  q u a n t i ty  o f those o ccu rrin g  o n ly  in  these  areas w as also 
co n sid e rab le  (in G allér, 53 ; in  F ü rd e tő , 43 ta x a ) .  R eg ard in g  b o th  th e  species 
co m p o sitio n  and  th e  n u m b e r  o f  ind iv iduals, th e  N em fo g i-tisz tás  re p re se n ts  a 
tra n s i t io n  betw een G allér a n d  F ü rd e tő . O f its  138 ta x a ,  a ltoge ther 7 d id  n o t 
occu r also in  th e  o th e r  tw o  sam pling  areas. T h e  g re a te r  n u m b er of th e  re p re ­
s e n ta tiv e s  of Desmideaceae in  Gallér is also w o r th y  of m en tion  (T ab le  3).

M ethodological results

T h e  aim  of th e  m e th o d o lo g ica l research  w as to  c la rify  th e  fo llow ing  tw o  
p ro b lem s:

( a )  w h a t c a lcu la tio n  m eth o d  is m ost su ita b le  for de te rm in in g  th e  d i­
v e rs i ty  in d ex ;

( b )  t o  w h a t  e x t e n t  d o  r a r e l y  o c c u r r i n g  s p e c i e s  i n f l u e n c e  t h e  d i v e r s i t y  

v a l u e s ;  w h e t h e r  i t  i s  w o r t h w h i l e  t o  c o u n t  a  l a r g e r  a r e a  in  t h e  U t e r m ö h l , 

c h a m b e r  f o r  f i n d i n g  a  f e w  r a r e l y - o c c u r r i n g  s p e c i e s .
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Table 3

Number o f  taxa  fo u n d  in  the sam pling  locations

G allér N era fo g i-tisz táe F ü rd e tő

Cyanophyta 27 (9) 20 ( 1) 27 (9)
Euglenophyta 9 ( - ) 17 (2 ) 22 (6 )
Chrysophyta 38 (17) 26 (2 ) 31 (8)
Pyrrophyta 11 (1) 9 ( - ) 6 (1)
Chlorophyta 85 (26) 66 (2 ) 83 (19)

T o ta l 170 (53) 138 0 0 169 (43)

(N um bers in  b rackets ind ica te  th e  ta x a  occurring  on ly  in th e  given sam pling a rea .)

To an sw er th e  f irs t q u es tio n , th e  re su lts  o b ta in ed  b y  th e  th re e  c a lc u la ­
tio n  s tra te g ie s  w ere com pared . T he d a ta  on d iv e rs ity , evenness a n d  c o u n t of 
species a re  g iven  in  T able 4.

Tabic 4

D iversity  ( H " ) ,  evenness (J " ) , and species num ber ( s )  data obtained from  exam ination
by different methods

M ethods

A rea M onth F I X A LG О Р Т

H ' У B H* J ' 8 H ' y s

A 2.33 0.44 37 2.33 0.44 37 2.33 0.44 37

M 1.97 0.35 46 1.99 0.32 71 1.99 0.32 71

Gallér J 4.96 0.82 67 4.96 0.82 67 5.06 0.84 63

S 4.36 0.73 62 4.26 0.71 64 4.36 0.73 62

О 3.42 0.59 54 3.64 0.60 64 3.64 0.60 64

A 4.44 0.80 46 4.45 0.79 49 4.48 0.84 40

M 3.79 0.67 48 3.92 0.66 62 3.92 0 .66 62

N em fogi-tisztás J 2.85 0.55 36 3.04 0.55 47 3.04 0.55 47

S 3.51 0.63 46 3.49 0.60 56 3.51 0.63 46

0 3.85 0.69 46 3.85 0.69 46 3.85 0.69 46

A 4.20 0.76 39 4.38 0.75 56 4.38 0.75 56

M 4.45 0.74 62 4.44 0.70 81 4.45 0.74 62

Fürdető J 4.88 0.82 62 4.93 0.79 75 5.02 0.82 69

s 4.21 0.72 57 4.39 0.70 75 4.39 0.70 75

0 3.59 0.59 65 3.62 0.57 77 3.63 0.59 71
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Table 5

N um ber o f  species ( expressed in percentage o f  the total count) resulting 
in  50.95 and 100°/o o f  d iversity  index (H "J

R esea rch  a rea M o n th

Species giv ing  
50%  o f  H"

S pec ies giving 
9 5 %  o f  H"

Species g iv ing  
100%  o f  H " 

( to ta l  c o u n t)

No. О/ N o . 0/о No. %

A 4 10.8 31 83.8 37 100

M 8 11.3 51 71.8 71 100

G allér J 11 16.4 51 76.1 67 100

s 10 15.6 46 41.9 64 100

0 7 10.9 47 73.4 64 100

A 9 18.4 37 75.5 49 100

M 7 11.3 41 66.1 62 100

N em fogi-tisztás .1 5 10.6 29 61.7 47 100

s 5 8.9 37 66.1 56 100

0 6 13.0 34 73.9 46 100

A 10 17.8 39 69.6 56 100

M 9 11.1 49 60.5 81 100

F ü rd e tő J 11 14.7 53 70.7 75 100

s 9 12.0 46 61.3 75 100

0 7 9.1 52 67.5 77 100

T h e  m ost a c c u ra te  m e th o d  req u irin g  also  th e  least w ork in  th a t  o f o p tim iz ­
ing  th e  to ta l  coun t (O P T ). T h is is followed in a c c u ra cy  h y  th e  so-called “ alga- 
lo g is ts ”  m e th o d  (A LG ), w hich  is how ever m u ch  m ore  lahoursom e. T h is m e th o d  
w as u sed  for co u n tin g  up  to  th e  g rea test n u m b e r  o f ind iv idua ls, th e re fo re , th e  
g re a te s t  n u m b er of species w as found here , h o w ev er th e  values o f evenness 
w ere  low er.

T h e  less s a tis fa c to ry  is th e  m ethod  of c o u n tin g  up to  a fixed  n u m b e r of 
in d iv id u a ls  (F IX ), w h ich  does n o t need to o  m u c h  w ork, b u t  H p jX differs to  
th e  g re a te s t  e x te n t from  Н орт- This d ifference is s till sm aller th a n  th a t  o ccu r­
r in g  in  th e  d iv e rs ity  o f th e  various h a b ita ts , th u s  i t  w ould n o t in flu en ce  th e  
p o ss ib le  conclusions. H o w ev er th is  is v a lid  o n ly  for th e  sam ples ex am in ed  
h e re . I n  an o th e r lake  th e  s itu a tio n  m ay  be d iffe ren t.

F o r  general usage th e  m e th o d  O PT is su g g ested . This is to  be ca rried  o u t 
as fo llow s. In  co u n tin g  th e  ind iv id u a ls  th e  d iv e rs ity  has to  be ca lcu la ted  f ir s t  
fo r sm a lle r  u n its  (one v isu a l fie ld , one cm , or one d iagonal line in  th e  c h a m b e r; 
in  case  o f  n o n -q u a n tita tiv e  sam ples, a f te r  c o u n tin g  abou t 100 in d iv id u a ls). 
A f u r th e r  u n it  has to  be ta k e n  only  if  th e  f lu c tu a tio n  of th e  d iv e rs ity  has n o t 
y e t  d ec reased  below  a c e r ta in  level, w hich is to  be  estab lished  on th e  basis  of
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experience. I f  a fu r th e r  u n it  is in v es tig a ted  (a v isu a l f ie ld , cm , or d iagonal), 
w ill be sum m ed th e  d a ta  to  th o se  found  in  th e  p reced in g  c o u n t (cu m u la tiv e ly  
increased  to ta l  co u n t). T he new  d iv e rs ity  is ca lcu la ted  th e n  from  th e  cu m u la tiv e  
re su lt. In  th is  w ay , th e  e x a c t re su lt can  be a t ta in e d  w ith  th e  le a s t w ork  u n d er 
th e  m icroscope, w hich  is v e ry  im p o r ta n t considering  th e  ex trem e ly  tiresom e 
m icroscopic cou n tin g .

div 
3.0- 
2 8 -

2.6-

2.4-
2.2
2.0 -

1.8
16
14
1.2
1.0
08-
0.6
04
0.2

0

Н " 5 П %

s 10.6 %

H- 95% >•

s  61.7 %

3.0455

"T"
15

-1-------1------- 1------- 1------- 1
20 25 30 35 40 45 50 s

Fig. 2. C orrelations be tw een  th e  c o u n t o f species and  d iv e rs ity  in  an  a rb itra r ily  chosen sam pling
(J u ly ,  N em fogi-tisz tás)

In  sam ples w here th e  evenness is sm all, th e  ca lcu la tio n  o f d iv e rs ity  m u st 
b y  all m eans be  carried  o u t b y  sm all u n its  (for ex am p le , b y  v isu a l fields), 
since i t  m ay  h a p p e n  th a t  th e  declin ing section  o f  th e  d iv e rs ity  cu rve  has 
a lread y  been reached .

I t  was P i e l o u  (1966, 1975) w ho firs t described  th e  basis o f th e  m ethod  
as O PT  here, an d  sim ilar re su lts  w ere o b ta in ed  b y  L l o y d , I n g e r  and  K in g  
(1968) as well.

In  o rd er to  s ta te  th e  e x te n t  to  w hich th e  ra re ly -o ccu rrin g  species in ­
fluence th e  d iv e rs ity  values an d  to  see w heth er i t  is w orthw hile  to  co n tin u e  
co u n tin g  u n d e r th e  m icroscope to  fin d  som e new er, ra re ly -o ccu rrin g  species; 
tw o k inds o f in v es tig a tio n  w ere carried  o u t;

th e  p ercen tag e  o f th e  to ta l  coun t was c a lcu la ted  w hich  gives 50%  and  
95%  resp . o f th e  d iv e rs ity  va lues (Table 5). I t  w as s ta te d  th a t  50%  o f th e  
d iv e rs ity  values are  g iven b y  th e  8 m ost f re q u e n t species (12 .8%  o f th e  co u n t 
o f species) in  th e  average  o f  th e  th re e  research  a reas , w hile  95 %  are  given b y  
43 species (68%  o f th e  c o u n t o f  species). T he d a ta  o f  an  a rb itra r ily  chosen 
sam ple are given in  F ig . 2. As it  can  be seen also in  th e  F igu re  th e  five  m ost 
freq u en tly -o ccu rrin g  species (10%  of th e  coun t o f species) give 50%  o f th e
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Table 6

Quantitative data on the phytoplankton o f  Lake Velence in  1972 
(i/1  =  1000 in d iv id u a l per litre; * — new fo r  the Lake Velence)

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

C y a n o p h y ta

1. A nabaena  sp. A
M — — —
J — — —
s — — +
0 — — 398.0

2. Anabaenopsis hungarica H alász A — — —
M — — —
J — — —
s — — —
0 - — +

3. A phanizom enon  sp. A — — —

M — — —
.1 — — —
s — — —
0 — — 36.0

*4. A phanocapsa delicatissima  W . A — — —
e t G. S. W est M — — —

J 4.0 — —
s — — —
0 — — —

5. A phanocapsa  sp. A — + —
M — — —
J — — —
s — — —
0 + 21.7 —

*6 . A . elachista var. planctonica  G. A — — 36.0
M. Sm . M + -

.1 40.0 4" 217.3
s 13.0 27.1 217.0
о + + 109.0

7. Chroococcus m inim us  (K eissl.) A — — —

L em m . M — 10.8 —
.1 — — —
s - - +
0 — — —

8 . C. m in o r  (K g.) Näg. A 5.4 — —

M — — —
J 21.0 — -
s — — —
0 — — —

9. C. m in u tu s  (Kg.) Näg. A — — —

M 32.6 — -f-
J — — 27.1
s 10.8 27.1 217.0
0 — + 72.0

10. C. turg idus  (Kg.) Näg. A — — —
M 17.3 — —
.1 8.0 — —
s + — —
0 32.6 —
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T a b le  6  (con tinued)

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

11. Gloeococcus sp. л __ __ _
M — — —

s
о

1 +
 1

- —

12. Gomphosphaeria compacta А 97.8 870.0
(Lem m .) S trm . M 19.5 130.4 942.0

J 4.0 — 4,266.3
s 43.4 5.4 72.0
0 8.6 32.6 434.0

13. G. lacustris Chod. A 32.6 179.3 181.0
M 23.9 103.2 543.0
J 30.0 43.4 1,114.1
s 34.7 48.9 217.0
0 17.3 54.3 543.0

14. Lyngbya lim netica  Lemm. A 5.4 __ 36.0
M — — 833.0
J 4.0 + 4,918.5
S — 26,413.0
O 2.1 - 35,254.0

15. Lyngbya  sp. A — — —
M — — —
J — — 244.5
s — + —
O 2.1 — —

16. M erism opedia glauca (E hr.) A — —
Nag. M 19.5 — 36.0

.1 — — —
S 4.3 — +
0 2.1 — —

*17. M . m in im a  Beck. A 10.8 10.8
M — 92.3 326.0
.1 34.0 10.8 3,423.9
s 2.1 10.8 8,369.0
0 4.3 32.6 978.0

18. M . punctata  Mey. A — — —
M + — —
J 2 1 .0 5.4 +
S 13.0 + —
0 4.3 — —

19. M . tenuissim a  Lem m . A + + —
M —
J
S _ __ 36.0
O — — —

20. M icrocystis aeruginosa Kg. A — — —
M — — —
J
s

13.0 — —

O - - —
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Table 6. (continued)

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

21. M . flos-aquae  (W ittr .)  K irc h n . A — — 72.0
M — — —
J
s 2.1 _ _
0 6.5 10.8 —

*22. M . pallida  (Kg.) Lem m . A — — +
M
J
s

- -
36.0

*23. M . pulverea (W ood) F o r ti

0

A : : :
M — — —
J
s
0

A
M
T

~
+ +

24. M icrocystis sp.
_

1
1

 +
1

_

S
0 2.1 10.8

-

25. Oscillatoria amphibia A gh. A — — —
M
J

— —

s
0 +

*26. O. brevis (Kg.) Gom. A — — —
M
J
s

2.1
- -

*27. Oscillatoria chlorina K g.

0

A
M — — —
J
s
0

A

+

28. 0 . irrigua  (Kg.) Gom.
M
J

— — —

s
0 +

—
—

29. 0 . pseudogeminata G. S ch m id . A — — 1,341.0
M — — 3,478.0
J — — 326.0
s — — 5,978.0
0 — — 16,522.0

30. Oscillatoria sp. A — _ —

M
J I + _
s
0 + 10.8 -
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Table 6. (con tinued)

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

31. P horm idium  sp. A _ _
M
J

— — —

s
о +

—
—

*32. Pseudanabaena catenata  L au ter- А + — —

born M
J

— 36.0

S
0 + —

—

*33. Radiocystis gem inata  Skuja A — — —

M — — —
J
S
0

A

—
+

—

*34. R aphidiopsis mediterranea
Sku ja M — — —

.1 — — 1,548.9
S — — 72.0
0 — — 253.0

*35. Rom eria leopoliensis (R aci- A — _ —
borsk i) Koczw ara M

T
— — —

s
0

- -

1 +
 1

36. S p iru lin a  maior K ü tz . A + _ ■f
M — 109.0
J
S _ _ 36.0
0 — — 36.0

37. Synechocystis aquatilis A — _ 1,051.0
Sauvageau M — — 2.065.0

.1
S —

4,331.6

-

27.1

38. S. salina  W islouch

0

A 5.4 59.7 36.0
M 78.2 86.9
J 186.0 43.4 7,500.1
s 117.3 3,570.7 5,688.0
O 8.6 3£.6 109.0

39. U nknow n C yanophyta  I. A — — —
M 4.3 — —
J — —
O
0 — - —

40. U nknow n C yanophyta  I I . A
M

- - -

J
S

— —
471.0

0 — —
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Table 6. (con tinued)

Species Date
Localities

Gallér N emfogi-tisztás Fürdető

41. U nknow n Cyanophyta  I I I . A _ _
M — 130.4 —
.1 — — —
S 21.7 16.3 253.0
0 — 21.7 —

E u g len o p h y ta

42. Euglena acus E h r. A — — 36.0
M — — +
J — — +
s — — —
0 — — —

*43. E . ehrenbergii K lebs. A — — —
M — — —
J — + —
s — — —
0 — — —

*44. E . klebsii (Lem m .) M ainx A — _ 36.0
M — — 72.0
.1 — — —
s — — 36.0
0 — - +

*45. E . oxyuris S chm arda A
M

— — +
— — —

J — - +
s — — —
0 — + —

*46. E . oxyuris f. m in im a  B o u rr. A — — —
M — + +
J — — —
s 2.1 — —
0 — — —

*47. E uglena polym orpha  D ang . A — — 761.0
M — —
J — + —
s — — —
0 — — —

*48. E . spathirhyncha  S k u ja A — — —
M — — —
J — — +
s — — —
0 — — —

49. E . tripteris (D uj.) K lebs A — 16.3 —
M — 5.4 —
J + 10.8 135.8
s + + +
0 + 10.8 36.0

50. Euglena  sp. I. A 10.8 10.8 109.0
M 4.3 5.4 72.0
.1 4.0 — 190.2
s — 5.4 326.0
0 2.1 + 36.0
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Table 6. (co n tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztás | Fürdető

51. Euglena  sp. II . A 5.4 ___ 36.0
M 2.1 — —

.1 — — +
S — + 36.0
О — — 181.0

52. Euglena  sp. I I I . A — — —

M — — —

J
g

— — +

О - - +

*53. Lepocinclis ovum  (E h r.)  Lemm. A — — —
M — — —
J — — —

s
0

— + 36.0

*54. L . ovum  var. conica All. e t Lef. A
M
J
s

- - —

-

1 +
1 407.0

*55. L . salina  F ritsch

о

A 5.4 +
M + — 36.0
J 4.0 +
s + 5.4 36.0
0 — +

*56. Phacus acum inatus  Stokes A ___ ___

M + — 36.0
J — — +
s
0

— — +

57. P .  aenigmaticus D rez. A ___ ___ +
M
J

— 5.4

s
0 — — +

*58. P . curvicauda  Sw irenko A + + _L
M + + 36.0
J + 5.4 +
s + — 36.0
о + — +

*59. P . platalea D rez. A + 5.4 +
M + 5.4 36.0
.1 + 163.0
s — 10.8 +
0 — + —

*60. P . indicus Skvortz . A ___ ___ ._
M
J

— + I
s
0 -

+
-j-
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T a b le  6 . (con tinued)

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

*61. P . pleuronectes (0 .  F . M .) D u j. A _ _ _
M — — —
J — — —
s — — —
0 — - +

62. P. p y ru m  (E h r.) S te in A + + -f-
M + 10.8 72.0
J + 380.4
s — 10.8 181.0
0 — + 145.0

*63. P . p u sillu s  Lem m . A — 5.4 +
M — — —
J — — 271.7
s — + 36.0
0 — — 109.0

64. P . skujae  Skvortz. A
M

— — —
— — —

J — — —
s — — —
0 — - 36.0

65. Trachelomonas sp. A — - —
M — — —
.1 — — —
s — + —
0 — — —

C hry so p h y ta

*6 6 . Achnanthes m in u tiss im a  va r. A 65.2 — —
cryptocephala G run. M 23.9 10.8 —

J 47.0 — —
s 13.0 — —
0 21.7 — —

*67. A m phiprora  alata K ü tz . A + +
M 2.1 5.4 72.0
J + — —
s 2.1 5.4 —
0 4.3 32.6 —

*6 8 . A m phora ovális v a r . pediculus A + + —
K ü tz . M — 5.4 109.0

.1 — — —
s — — —
0 — — —

*69. Asterionelia /orm osa  H ass. A — — —
M — — —
.1 — — —
s — — —
0 + - —

70. Caloneis sp. A 5.4 — —
M + 4- —
J — — —
s — — —
0 — — —
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T a b le  6 . (co n tinued)

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

71. Campylodiscus clypeus E hr. A — + _
M — — —
J — — —
s — — —
0 - + —

*72. C. clypeus v a r. bicostata (W. A — — —
Sm .) H ust. M — + —

J — —
s — — —
0 — — —

73. Chaetoceros m ülleri Lemm. A _ _ _
M — — —
.1 17.0 5.4 81.5
s — 5.4 —
о — —

74. Cocconeis placentula  var. А 5.4 — 36.0
euglypta  (E h r.) CI. M + + —

J + — —
S — — —
0 2.1 - —

*75. Cyclotella comta (E h r.) K ütz A — — —
M — — —
.1 — — 923.9
S — —
0 — — -

*76. C. meneghiniana  K ü tz . A 5.4 — 290.0
M 6.5 38.0 543.0
.1 8.0 — —
s 30.4 48.9 —
O 8.6 10.8 72.0

*77. C. ocellata P an t. A 54.3 81.5 ___

M 10.8 288.0 1,050.0
J
S

8.0 48.9
108.6

353.2
1,739.0

0 8.6 119.5 1,086.0

78. Cyclotella sp. A — — —

M — — —
J 26.0 — —
s — — —
O — — —

*79. Cymatopleura solea (Bréb.) A — _ ___

W . Sm. M — — —
J — — —
s — — —
O — - +

*80. Cymbclla lanccolala (E hr.) V. H . A 1 — — —
M — — —

J — — —

s — — —

O + — —
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Table 6. (co n tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

*81. C. ventricosa K ü tz A
M
J

+ - —

8.0 - —

0 — - —

82. Cymbella sp. I. A — — —

M
T

+ — —
j
s
0

+ - —

83. Cymbella sp. II . A
M

— - —

J
s
0

+ - -

*84. D iatom a elongatum  (L y n g b .) A 10.8 _ _
Ag. M 6.5 + —

J H“ — —
s 2.1 — —

0 + — —

*85. F ragilaria crotonensis K i t t . A — — —

M
J

+ — I
s
0 2.1 I

8 6 . F ragilaria  sp. A
M

— - —

J
s
0

2.1 - —

87. Gyro sigma  sp. A _ _ +
M
J

— — —

s
0 +

8 8 . M astogloia  sp. A
M
r

+
— —

S
0 2.1

- _

*89. N avicu la  cryptocephala K ü tz . A + — —

M
J
s

—
5.4 36.0

*90. N .  cryptocephala v a r . veneta

0

A 5.4 + 145.0
(K ü tz .)  Grun. M + —

J 4.0 5.4 163.0

0 + - 36.0
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Table 6. (co n tinued)

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

*91. N . cuspidata  K ü tz . A __ __ __

M — — —

s + — —

о — — —

*92. N . hungarica  G rün. А — — 72.0
M
J
S

— -
109.0
+

*93. N . hungarica  va r. capitata

0

A :
(E h r.) CI. M

.1
—

__
109.0

S
0 — — —

*94. N . placentula  f. lanceolata A — —

G rün. M — — —
.1 — — —
s — —
O — — —

*95. N . radiosa K ü tz . A + + —

M 6.5 —
.1 4.0 — —
S + — —
0 2.1 — —

96. N avicula  sp. I. A + 16.3 +
M 13.0 5.4 —
J 4* — —
S 2.1 — —
O 2.1 — 218.0

97. N avicula  sp. II . A — — —

M 6.5 + —

s 2.1 __ —

O — — 145.0

98. N eid ium  sp. A — _ —

M
J

— — _
S
0 + — —

*99. N itzschia acicularis W. Sm. A __ 5.4 254.0
M — 5.4 290.0
J
S _ 36.0
0 — — —

*100. N . hungarica  G rün. A — + 36.0
M 2.1 + —

S __ — —

0 — + —
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Table 6. (co n tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

*101 . N . longissim a  var. reversa A _
G ru n . M — — —

J — — 190.2
s — — 5,289.0
0 — — 36.0

*102. N . pa lea  (K ü tz .) W. Sm. A + — —

M
J

— — —

s
0

— —

103. N itzsch ia  sp. I. A _ 21.7 _
M 13.0 16.3 18,478.0
J 4.0 — 7,717.5
s 4.3 5.4
0 4.3 10.8 36.0

104. N itzsch ia  sp. II. A — — _
M — 5.4 1,739.0

s 2.1 _ _
0 2.1 — 145.0

105. N itzsch ia  sp. I I I . A — _ _
M — — 36.0

s
0

— - 109.0

*106. R hoicosphenia curvata (K ü tz .) A + + _
G ru n . M

.1
4.3

s
0 +

—
—

*107. R hopalod ia  gibba (E h r.) 0 . A — — —

M üll. M — — —
J
s
0

1 +
 1

- —

108. Stauroneis  sp. A _
M
J

— — —

s
0 + —

—

109. Stephanodiscus  sp. A — — —

M — — —

J 4.0 — —

0 — - —

*110. S u r ir ella ovata K ütz. A — _ _
M
J

— 10.8 —

s
0 — - +
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Table 6. (con tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

*111. Synedra acus K ü tz . л
M — — —
J — — —

s + — —

0 2.1 — 181.0
*112. S. acus var. angustissim a  G rün. A — — 36.0

M — — —

J + — —
s — — —
0 — — —

*113. S. tabulata (Ag.) K ü tz . A ___ — ___

M — — —

J — — +
s — — —
0 — — —

114. Synedra  sp. A ___ — —

M — — —

.1 + — —
S — — —
0 — — —

115. Goniochloris laevis Pascher A
M 2.1

16.3
43.4

72.0

.1 134.0 59.7 326.0
s 128.2 108.6 145.0
о 13.0 + 72.0

116. G. m utica  (A. B rau n ) F o tt А — — —

M — — —

J — — 81.5
S — —

0 — — —

*117. K ephyrion inconstans (Schm .) A — — —

Bourr. M — —

J 4.0 — —

s — — —

O — — —

P y rro p h y ta

118. Cryplomonas erosa E h r. A 222 .8 179.3 471.0
M 30.4 48.9 36.0
.1 91.0 — 353.2
S 67.3 59.7 543.0
0 65.2 173.9 833.0

*119. C. erosa va r. reflexa  Mars. A ___ ___ ___

M 28.2 21.7 —

.1 21.0 — —

S + — —

0 8.6 + —

*120. C. ovata E hr. A
M
.1

6.5 5.4
217.3

S 32.6 86.9 —

0 23.9 54.3 109.0
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Table 6. (co n tinued)

Species Date j
Localities

Gallér Nemfogi-tisztás Fürdető

*121. C. p u s il la  B achm . A 1,750.0 516.3 218.0
M 369.5 97.8 4,710.0
J 147.0 — —
s 54.3 27.1 36.0
0 656.5 54.3 2,246.0

*121. C. rostrata  T roitzk . л  1
— 10.8 —

M — — 36.0
J 17.0 - —
s — — —
0 — — —

123. G loenodinium  sp. A — 16.3 —

M — — —

J 8.0 — —
s — 5.4 —

124. G ym n o d in iu m  sp.

0

A

72.0

+
M — — —
J — — 27.1
s — — ~Г
0 — — —

125. P erid in io p sis  borgei Lem m . A — — —
M 52.1 -j- —
J 34.0 16.3 —
s 30.4 65.2 —
0 86.9 76.0 —

126. P e r id in iu m  cinctum  (Müll.) A + —
E h r. M + —

.] — — —
s 2.1 — —
0 2.1 — —

127. P . inconsp icuum  Lem m . A _ - —
M 19.5 — —
J 78.0 —
s 50.0 10.8 —
0 10.8 + —

128. P . p u s il lu m  (Pen.) Lem m . A 5.4 — —
M 52.1 + —
J 100.0 5.4 —
s 21.7 + —

0 23.9 — —

129. P er id in iu m  sp. A — — —
M — — —
J 17.0 — —
s — — —

0 — — —

C h lo ro p h y ta

130. A nkistrodesm us acicularis (A. A + — 833.0
B r.)  K ors. M + 1,594.0

J --- — —
, s — — 181.0

0 — — 72.0
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Table 6. (con tinued)

Species Date
Localities

Gallér N emfogi-tisztás Fürdető

*131. A . angustus B ern . A 5.4 70.6 1,775.0
M — 43.4 1,014.0
.1 — — 271.7
s — — 217.0
о — _ 398.0

*132. A . convolutus Corda А 396.7 521.7 _
M 4,065.1 2,684.8 13,478.0
.1 204.0 — 163.0
S 578.2 — —
О 478.2 — 253.0

*133. A . longissim us (L em m .) Wille A
M

— — —

.1
S
0

— - 36.0

*134. A . fa lcatus  (Corda) R alfs A _
M
J
S

2.1
- -

*135. A . m in u tissim us  K ors.

0

A 10.8 206.5 580.0
M — — 688.0
J 13.0 5.4 163.0
s 2.1 — 978.0
0 — — 507.0

136. A . pseudobraunii Belch, e t  Sw. A 27.1 114.1 725.0
M — 266.3 12,464.0
J 4.0 — —

0 — — 5,579.0

*137. A . spiralis  (Turn.) Lem m . A + — —
M 8.6 — —
J 8.0 — —
S 4" — —
0 2.1 — —

138. A nkistrodesm us  sp. A _ _ _
M — — —
J
s — —

+

139. Botryococcus braunii K ü tz .

0

A 10.8 16.3
M 52.1 38.0 —
J 39.0 — +
s 34.7 + —
0 47.8 32.6 —

140. Chlamydomonas sp. A — —
M 2.1 10.8 36.0
J — — 27.1
S — — 4“
0 — — 72.0
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Table 6. (con tinued)

Species Date
Localities

Galltr Nemfogi-tisztás Fürdető

141. Chodatella ciliata (L agerh .) A _ _
L em m . M 6.5 + 36.0

.[ 230.0 701.1 625.0
s 8.6 119.5 688.0
0 4.3 + 72.0

142. C. citriform is Snow A — — —
M — — —
J 21.0 27.1 4“
s 4.3 10.8 36.0
0 — 10.8 —

*143. C. quadriseta Lemm. A — — —
M + 16.3 109.0
J 10.8 190.2
s 4.3 38.0 720.0
0 — 21.7 398.0

144. Closterium  sp. I. A — + —
M + — —
J + — H“
s — — 36.0
0 2.1 — —

145. C losterium  sp. II . A + — —

M — —
J
s _ — —
о + — —

146. Coelastrum microporum  N aeg. A — — 507.0
M 26.0 10.8 1,268.0
J — — 271.7
s 15.2 16.3 72.0
0 30.4 + 218.0

*147. C. pseudomicroporum  K ors. A — —
M 2.1 H" —
.1 4.0 10.8 —
s 2.1 10.8 —
0 — — 36.0

*148. C. sphaericum  Naeg. A — — —
M — — —
J 4.0 16.3 516.3
s
0

— — 72.0

*149. Coelastrum  sp. A _ _
M — — —
.1 — — -f-

0 — —

150. C osm arium  bioculatum  B réb . A 76.0 —
M 2.1 103.2 145.0
J — 293.4 1,494.5
s 6.5 141.3 942.0
0 — 195.6 253.0
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Table 6. (co n tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztós Fürdető

15J. C.  granatum  B réb. A — _
M 2.1 + —
.) — 27.1

0 H“ - —

*512. C.  humile  var. glabrum  Gutw. A — — -- 'jJ
M 6.5 — —
J
s 2.1
0 4.3 - —

153. C. laeve var. m in im u m  W. et A — 72.0
G .  S. W est. M 2.1 54.3 145.0

.1 65.0 282.6 625.0
s 8.6 385.8 145.0
о 8.6 195.6 181.0

*154. C. m argaritiferum  M enegh. А — — —
M — — —
.) — — —
S
о

+ '-- —

155. C. polygonatum  H alász л -J- 86.9 109.0
M 6.5 152.1 72.0
.1 30.0 440.2 190.2
s 15.2 65.2 217.0
о 2.1 217.3 290.0

*156. C. reniforme (R alfs) Arch. A — — —
M 2.1 — —
J 4 “ — —
S 2.1 — —
O 4 " — —

157. C. trilobulatum  R einsch. A _ _ —

M + — —
J + — —
s + — —
ü + — —

*158. C. undulatum  va r. m inu tum A — — —
W ittr. M + —

.1 13.0 + +

S 6.5 + +

0 — 10.8 —

*159. C. venustus B réb. A _ _ —

M 4.3 — —
.1 — — —
S
0

+ — —

160. Cosm arium  sp. I. A +

M + — —
J — — —

O
0 2.1 + +
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Table 6. (con tinued)

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

161. C osm arium  sp. I I . A + _ _
M — — —

s
0

4.0 - -

162. C osm arium  sp. I I I . A _ _ _
M — — —
J
s _ — —

0 + — —

163. Cosm arium  sp. IV. A — —

M
J

2.1
: :

s
0 I -

164. C osm arium  sp. V. A — — —
M — — —
J — 5.4 - -

0 — - -

165. C osm arium  sp. VI. A — — —
M — —
J — —
s 6.5 — —
0 - - —

*166. Crucigenia apiculata  (L em m .) A — —
Schm idle M — —

J _ 27.1

0 — - 36.0

*167. C. quadrata  M orren A — + +
M 2.1 + 36.0
J — +
s + + +
0 — — +

*168. C. rectangularis (N aeg.) Gay. A — — —
M
J

6.5 _ _
s
0 + - -

*169. C. pulchra  W. e t G. S. W est A
M

— — —

J
s

— —
36.0

0 — — —

170. C. tetrapedia  (K irch n .) W . e t  G. A 48.9 36.0
S. W est M 4.3 59.7 109.0

.[ 8 .0 76.0 1,059.8
s 17.3 119.5 1,376.0
0 8.6 43.4 181.0
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T a b le  6 . (co n tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

171. D ictyosphaerium  ehrenbergia- A ___ ___ ___

n u m  N aeg. M — — —
.1 — — —

s — - +
0 — — —

*172. D. pu lchellum  W ood A — ___ 8,986.0
M — — 1,159.0
J — — 54.3
s
0

2.1 5.4 145.0

*173. D idymogenes pala tina  Schm idle A — 5.4 435.0
M — 10.8 253.0
.1 — — 135.8
s — — 507.0
0 — — 36.0

*174. E lakatothrix lacustris K orsch. A + 21.7 145.0
M 6.5 92.3 217.0
.1 17.« 27.1 +
s 19.5 76.0
0 15.2 130.4 +

175. E u a stru m  cornubiense var. orna- A -j- ___ —

tum  H a lász M 4.3 — —
.1 13.0 — —
s 26 0 — —

0 15.2 — —

*176. Franceia ja van ica  (Bern.) A ___ ___ —

H o rtob . M — — —

J 17.0 — —
s — —

0 — — —

*177. F. ovális (F ran cé ) Lem m . A ___ ___ ___

M — — 36 .0
J — — —
s — — —
о — — —

178. Franceia  sp. A — — —

M — — —
.1 — — —
s 4.3 — —
0 — — —

*179. Kirchneriella contorta A _ _ 72 .0
(Schm idle) B ohl. M — — 253.0

.1

s
о

21 .0 10.8
54.3
76.0

271.7
2 , 101.0

145.0

180. К . lunaris  (K irch n .) Möb. A
M

27.1
4.3

38.0
10.8

1,014.0

.1 — 10.8 434.7
s 8.6 38.0 1,739.0
0 — 54.3 6 8 8 .0
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Table 6. (con tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztás F ürdető

181. K . obesa (W. e t G. S. W est) A — ___ ___

Schm idle M — 27.1 —

.1 4.0 5.4 190.2
s — + 290.0
0 2.1 — 72.0

182. Oocystis lacustris Chod. A 16.3 92.3 2,029.0
M 67.3 923.9 5,398.0
.1 169.0 510.8 3,804.4
s 121.7 918.4 7.934.0
0 69.5 836.9 2,065.0

*183. 0 . parva  W. e t G. S. W est A 10.8 43.4 36.0
M 63.0 108.6 —

J 134.0 27.1 625.0
s 78.2 70.6 797.0
0 41.3 — 543.0

*184. 0 . solitaria W ittr . A — — —

M 13.0 — —
J
s 4.3 ___ _
0 2.1 — —

185. Pandorina m orum  (M üll.) B ory A
M
T

— — —

S
0 2.1 —

186. Pediastrum  boryanum  (T urp .) A 5.4 10.8 218.0
M enegh. M -j- 27.1 360.0

.1 8 .0 86.9 597.8
s — 81.5 181.0
0 + 119.5 145.0

187. P. tétras (E h r.) R alfs. A + 10.8
M + 16.3 72.0
.1 5.4 489.1
s — 5.4 1,231.0
0 2.1 + 760.0

*188. Planktonem a lauterbornii A — _ 688 .0
Schm idle M — + 326.0

s ___ ___ 398.0
0 — — 543.0

*189. Scenedesmus acum inatus A — — +
(L agerli.) Chod. M — + 109.0

J — + 271.7
s — + +
0 — — +

190. S . acutus M eyen A — — —

M + — 360.0
.1 — — —

s — + 290.0
0 — 579.0
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Table 6. (co n tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

*191. S . acutus f. allernans H ortob . Л 5.4 38.0 435.0
M + 21.7 3,695.0
.1 4- 2.391.3
s — 5.4 1,920.0
о — — 1,195.0

*192. S . acutus f. costulatus (Chod.) A + ___ ___

U herkov. M — —
J — —
О
Ü - 10.8

*193. S. arcuatus Lem m . A 5.4
M 19.5 146.7 360.0
.1 4.0 -|- —

s 15.2 5.4 —

0 + 43.4 +

*194. S. arm atus Chod. A — —

M — — 253.0
.1
s — — —

*195. S. arm atus var. exaculeatus

0

A
Chod. M — 72.0

.1
s — — —

*196. S . colum natus H ortob .

0

A
M 2.1 — —
.1

s — — —

*197. S. denticulatus var. linearis

0

A
fo rm a M — — —

.1 34.0 — —

s 67.3 — —

() 13.0 + —

198. S . ecornis (R alfs) Chod. A 16.3 81.5 —

M 39.1 — 360.0
.1 21.0 65.2 516.3
s 6.5 70.6 1,014.0
0 13.0 32.6 360.0

*199. S. ecornis var. disciform is A — 38.0 36.0
Chod. M — — —

J + 16.3 —

s — 21.7 —

0 — 54.3 72.0

200. S. ecornis form a A — — —

M — 168.4 145.0
J — 157.6 —

s — 929.3 1,050.0
() — 782.6 1,630.0
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Table 6. (con tin u ed )

Species D a te
Localities

G allé r N em fogi-tisztás F ü rd e tő

*201. S . granulatus  W . e t G. S. W est A — — —
M — — —
J — — 54.3
S
0

2.1 — 72.0

*202. S . granulatus  f. elegáns H o rto b . A _ — —
M
J

— I I
s
0 2.1 I I

*203. S . interm edius Chod. A _ 10.8 36.0
M 2.1 — 326.0
J — 5.4 54.3
s — — 72.0
0 + — 145.0

*204. S . interm edius va r. acaudatus A — 103.2 —
H o rto b . M — — —

.1 21 .0 — —
s 30.4 — —
0 10.8 — —

*205. S . interm edius va r. bicaudatus A — — —
H o rto b . M — — —

.1 — — 27.1
s
0

— — —

*206. S . lefevrii var. semiserratus A _ _ 906.0
U h erk o v . M 6.5 10.8 720.0

.1 — — 978.2
s 2.1 — 290.0
0 2.1 — 218.0

*207. S . opoliensis P. R ieh t. A ~T 10.8 36.0
M 2.1 5.4 —
J — 5.4 217.3
s — 10.8 - f -

о — — —

*208. S . opoliensis v a rie ta s A — 16.3 - j -

M — 21.7
J + — 27.1
s + + -
0 + — —

*209. S . ovalternus var. graevenitzii A — — —
(B e rn a rd ) Chod. M — — —

J — —
о
0 — - +

210. S . qu a d rica u d a  (T urp .) B réb . A + 222.8 616.0
M 17.3 315.2 2,753.0
J 13.0 217.3 1,467.4
s 15.2 244.5 2,536.0
0 13.0 739.1 3.188.0
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Table 6. (co n tinued)

Species Date
Localities

Gallér Neinfogi-tisztás Fürdető

*211. S. quadricauda  var. longispina A 5.4 331.5 2,029.0
(Chod) G. M. Sm ith M 6.5 309.7 3,333.0

.1 21 .0 38.0 1,739.1
s 2.1 277.1 3,876.0
0 — 532.6 3,514.0

*212. S. quadricauda  va r. m axim us A — — 72.0
W. e t  G. S. W est M — — 218.0

.1 — + —
s — — —
Ü — — —

*213. S. quadricauda  var. m irificus A — _ —

(H o rto b .) U herkov . M — — 36.0
•J — —
s — — —
и — — —

*214. S. quadricauda  var. quadrispina A 27.1 65.2 290.0
(Chod.) G. M. Sm ith M 2.1 32.6 290.0

.1 8.0 43.4 706.5
s 2.1 32.6 434.0
о 4.3 43.4 218.0

215. S. quadricauda  v a rie tas A 5.4 — —

M H" — 72.0
.1 5.4 —
s 2.1 — 36.0
0 2.1 — —

*216. S. raciborskii f. granulatus A — — —

H o rtob . M — — —

J
s

— — 190.2

0 — —

*217. S. securiform is P lay fair A — —

M 17.3 — 543.0
.1 — —

s — 21.7 720.0
0 — — 434.0

218. S. spinosus  Chod. A 10.8 114.1 507.0
M 6.5 43.4 688 .0
J + — 298.9
s 54.3 905.0
0 2.1 76.0 145.0

*219. S. spinosus  va r. bicaudatus A — ___ 36.0
H o rtob . M — — —

J — — 27.1
s — — —

о + 21.7 - j -

220. Scenedesmus sp. I. A 5.4 130.4 —

M 6.5 608.7
.1

s
— 108.6 2 .201.1

о + — —
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Table 6. (co n tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

221. Scenedesmus sp. I I . A ___ ___ ___

M — 5.4 —

J — 16.3 244.5

0 6.5 - —

222. Scenedesmus sp. I I I . A — — —

M — — —
.1 — — —
s
0

— 10.8 —

223. Scenedesmus sp. IV. A ___ ___

M 2.1 — —
J 13.0 152.1 —

0 — - 833.0

224. Scenedesmus sp. V. A — — —

M — — —

J
s
0

A

+
- —

225. Scenedesmus sp. V I.
M
J

— — —

s
0 — — 290.0

226. Schroederia setigera (Schröd.) A — — —
L em m . M — — 398.0

J — + 869.5
s — 72.0
0 — + 36.0

227. Staurastrum  polym orphum A — — —

B réb . M
J

—
I I

s
0 + — —

*228. S . punctu la tum  B réb . A — — —
M 4.3 — —
J
s 2.1 ___ —

0 + — —

229. Staurastrum  sp. I. A — — —

M 4.3 — —

.1 + + 81.5
s 2.1 -j-
0 — 32.6 —

230. Staurastrum  sp. II . A 5.4 — —

M — — —
J
s

4.0 — —

0 — - —
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Table 6. (con tin u ed )

Species Date
Localities

Gallér Nemfogi-tisztás Fürdető

231. Tetraëdron caudalam  (Corda) A + 27.1 109.0
Ralfs. M 21.7 145.0

.1 + 27.1 353.2
s 10.8 253.0
о — 109.0

232. T. caudatum  var. incisum A 5.4 48.9 290.0
Lagerh. M 6.5 108.6 760.0

.1 — 5.4 163.0
s + 10.8 398.0
о 10.8 145.0

233. T. m in im u m  (A. B r.) H ansg. A 59.7 880.4 1,558.0
M 67.3 1,125.0 2,826.0
J 269.0 913.0 2,418.5
s 102.1 1,250.0 2 ,210.0
0 71.7 2,054.3 1,159.0

*234. Tetraëdron reguläre K ütz . A — — —
M — — —
J — — +
s
о

— — —

*235. Tetrastrum glabrum  (Roll.) A _ _ —

A hlstr. e t Tiff. M — — 326.0
J — — 244.5
s — — —
о — — —

236. T . staurogeniaeforme (Schroed.) A — 16.3 616.0
Lem m . M — 38.0 580.0

.1 — — 3,125.0
s — 48.9 3,514.0
о — 10.8 360.0

237. Tetrastrum  sp. A — — 290.0
M
J
s

— — 360.0

145.0
о — — 507.0

*238. Treubaria triappendiculata A — — —
Bern. M — — —

.1 — — 81.5

О - - -

239. U nknow n Chlorophyta I. A + —

M — — 3,260.0
.1 52.0 — 54.3
S — — 579.0
О 4.3 — 253.0

240. U nknow n Chlorophyta II. A — —

36.0M — —
J
s

— — —

0 - - —
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Table 6. (continued)

Species D ate
L ocalities

G allér N em fo g i-tisz tás F ü rd e tő

241. U nknow n Chlorophyta I I I .

242. U nknow n Chlorophyta IV.

A
M
J
s
0

A
M
.1
s
0

1 +
 1 

1 
1 

+
 1 +

 1 
1

- -

A lgae to ta l A 2 ,868.0 4,753.5 32,353.0
M 5,435.2 8,839.5 98,409.0

J 2,644.0 8,921.8 66,655.0
s 1,941.8 9,437.6 98,120.0
0 1.898.4 7,193.4 89,507.0

Table 7

D iversity  ( H ")  evenness ( J "  ) , and count o f  species in d iv id u a ls )  values calculated 
fr o m  the data o f diagonals

Research area M o n th s н ' J" 8 Н " J"

A 49 4.45 0.79 65 4.45 0.74
M 62 3.99 0.67 83 4.00 0.63

N em fogi-tisztás J 47 3.05 0.55 65 3.05 0.51
S 56 3.50 0.60 73 3.50 0.56
о 46 3.85 0.70 62 3.86 0.65

А 37 2.33 0.45 77 2.35 0.38
М 71 1.99 0.32 96 1.99 0.30

G allér J 67 4.97 0.82 88 4.98 0.77
S 64 4.27 0.71 86 4.34 0.68
О 64 3.64 0.61 94 3.53 0.54

А 56 4.39 0.76 75 4.41 0.71
М 81 4.45 0.70 85 4.45 0.69

F ü rd e tő J 75 4.93 0.79 101 4.96 0.75
S 75 4.40 0.71 91 4.33 0.67
О 77 3.62 0.58 97 3.62 0.55
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d iv e rs ity  va lu e , an d  29 species (62%  o f th e  c o u n t of species) give 9 5 %  o f the  
d iv e rs ity  v a lue . T h e  rem ain ing  18 species on ly  s lig h tly  influence th e  in d e x  value.

In  o rd e r to  fin d  new  species, th e  w hole base p la te  was e x a m in e d , and 
l>y sum m ing  th e  d a ta  tliu s  o b ta in ed  to  th o se  o f  th e  d iagonals, th e  d iv e rs ity  
va lu e  (H ") an d  its  au x ilia ry  p a ra m e te rs  (s, J" )  w ere com puted .

T he d a ta  o f  th e  T ab le  7 show  th a t  th e  ra re ly -o ccu rrin g  species increase 
th e  d iv e rs ity  on ly  to  th e  second decim al p lace and  a t  th e  sam e  tim e  th ey  
decrease th e  evenness also in to  th e  sam e degree.

D i v e r s i t y  r e l a t i o n s  o f  the  p h y t o p l a n k t o n  c o m m u n i t y  o f  the r e s e a rc h  a r e a s

In  a decreasing  sequence th e  d iv e rs ity  averages in th e  p h y to p la n k to n  
co m m u n ity  co llected  in th ree  areas of L ake V elence are as fo llow s: F ü rd e tő  
4 .35, N em fogi 3 .77, G allér 3.44. T he av erag e  o f th e  evenness fo llow s th e  
sequence fo rm ed  on th e  basis o f d iv e rs ity , w hile according to  th e  av e rag e  of 
th e  co u n t o f species th e  sequence is F ü rd e tő , G allér, and th e  N em fo g i-tisz tá s  
(F ig . 3). T he largest co u n t o f an d  th e  h ig h es t evenness con seq u en tly  th e  h ighest

90
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F ig. 3. C hanges o f d iv ers ity , evenness and  co u n t o f species in the  L ake V elence d u rin g  the
y ear 1972
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d iv e rs ity  v a lue  o ccu rred  in  F ü rd e tő . The re a so n  fo r th e  sm aller d iv e rs ity , in 
th e  N em fog i-tisz tás is th e  m u ch  sm aller co u n t o f  species, while in G allér th e  
sm all evenness induced  th e  low  d iversity  v a lu e . (T his is, how ever, s till h igh  in  
a g en era l sense.)

T h e  fac t th a t  th e  h ig h e s t value (4.35) o ccu rs  in  F ü rd e tő , w hich  is th e  
m o st p o llu ted  p a r t  o f th e  L ak e  (receiving th e  h ig h e s t q u a n tity  of p la n t n u ­
tr ie n ts )  needs som e e x p la n a tio n . This a p p a re n t c o n tra d ic tio n  can easily  he 
e x p la in e d , if  the  in a c c u ra te  no tion  of “ p o llu tio n ”  will be s tu d ied  in  m ore 
d e ta ils . I f  a w ate r rece iv e  a large organic p o llu tio n , th a t  is its s a p ro b ity  in ­
creases, th is  will reduce  th e  d iv e rs ity  of the  algal c o m m u n ity  as a w hole (S t a u b  
e t a l. 1970), even th o u g h  th e  d iversity  of c e r ta in  a lgal groups m ay  increase 
a t  th e  sam e tim e. H a j d ú  (1978) found th a t  th e  d iv e rs ity  of Euglenophyta  
d iv isio  increased  in fe r tiliz e d  fish -ponds, w hile th e  d iv e rs ity  on th e  basis o f th e  
to ta l  a lgal coun t d ec reased . T h e  d iversity  in d e x  w ill b e  decreased also b y  p o llu ­
ta n ts  b e in g  tox ic  for c e r ta in  m em bers of p h y to p la n k to n . H ow ever, th e  m a jo r ity  
of th e  algae reac t to  th e  in c rea se  in th e  level o f  e u tro p h ic a tio n  fav o u rab ly , and  
p a ra lle l to  th e  increase  in  a lgal species and  in d iv id u a l coun ts, th e  d iv e rs ity  
in d e x  also increases. A cco rd in g  to  our h y p o th e s is  e u tro p h ica tio n  influences 
th e  d iv e rs ity  as follow s. U p  to  a certa in  degree , th e  d iv e rs ity  va lue  increases 
w ith  th e  n u tr ie n t su p p ly , th e n , over a ce rta in  q u a n t i ty  of algae, th e  in ten s iv e  
c o m p e titio n  (for lig h t a n d  n u tr ie n t)  lead to  re v e rse d  effect and th e  d iv e rs ity  
d ecreases . This c ritica l tu r n in g  po in t in th e  f ish p o n d s  o f B ab a t was fo u n d  to  be 
a t  a c o u n t of 100 m illions i. l i t . -1  (H a j d ú  1977).

In  th e  course o f th e  p re se n t investiga tions in  L ak e  Velence, s im ilar re su lts  
w ere o b ta in ed . In  1972, th e  a lga l count in F ü rd e tő  w as 32 — 98 m illion i. l i t . -1 . 
T he la rg e  co n ten t o f n u tr ie n ts  in  the  inflow ing p o llu ta n ts  fu rth e r increased  th e  
d iv e rs ity  o f th e  algae (Н " =  4.37). In  1973 -1 9 7 4 , th e  fu rth e r  increase in th e  
q u a n t i ty  o f n u tr ie n ts  led  to  a rem ark ab le  rise in  th e  q u a n t i ty  of p h y to p la n k to n  
(200 500 m illion i. l i t . - 1 ), a n d  to  the  dom inance  o f  som e species, th u s  causing
a d ecrease  in  d iv e rs ity . In  1973 th e  d iv ersity  v a lu e  in  F ü rd e tő  was 1.69; w hile 
in 1974 i t  was as low as 1 .57. F ro m  the  v iew p o in t o f  fu r th e r  ex am in a tio n s , 1972 
w as o f  v ita l im p o rtan ce  b ecau se  th e  tu rn in g  p o in t  m ig h t be observed  in th is  
y e a r , a f te r  th a t  tim e  th e  in c rea se  in e u tro p h ic a tio n  decrease  th e  d iv e rs ity  index .

I t  can  be conc luded  t h a t  re la tiv e ly  m uch m o re  in fo rm atio n  on th e  p h y to ­
p la n k to n  m ay  be d raw n  fro m  th e  analysis of r e la t iv e ly  longer tim e  series th a n  
from  som e sam ples b e lo n g in g  to  a year.

Sum m ary

T h e  species co m p o sitio n  a n d  count of p h y to p la n k to n  w ere  exam ined a t  th ree  resea rch  
a reas o f L ak e  Velence w h ich  w as considered  as c h a ra c te ris tic a lly  d ifferen t from  each  o th e r  on 
th e  b asis  o f earlier e x am in a tio n s . W e identified  242 ta x a ,  o f  w h ich  118 are new  to  th e  L ake. 
B y  u s in g  S h a n n o n ’s fo rm u la  d iv e rs ity  was calcu la ted  fro m  th e  d a ta .
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In  the  course o f th e  m eth o d o lo g ical ex am in atio n s , th e  resu lts  o b ta in e d  b y  th ree  calcu la­
tio n  m ethods were co m p ared . T h e  m ost accu ra te  was th e  o p tim iza tio n  of to ta l  c o u n ts  (OPT), 
th e  essence of which is t h a t  th e  av erage  h ighest d iv ers ity  va lue  is d e te rm in e d  on  th e  basis of 
th e  sm allest possible sam p le  size (being  op tim al from  th e  v iew p o in t o f m icroscopic  work). 
T h is is followed by th e  acc u rac y  of th e  “ algologists”  m ethod  (A LG ), b u t  th is  is ex trem ely  
lab o u rso m e. The m o st d isa d v an tag e o u s  is the  m ethod  of using  fix ed  a lgal c o u n ts  (F IX ). 
A lth o u g h  it  requires a re la tiv e ly  sm all a m o u n t o f w ork , the  d e v ia tio n  from  th e  m axim um  
m ay  be very  large. O n th e  b asis o f th e  ex am in atio n s th e  use of the  O P T  m e th o d  is suggested.

O ur ex am in atio n s p ro v e  th a t  th e  ra re ly -occurring  species do n o t co n sid e rab ly  increase 
th e  d iv ers ity  index ( th e y  cause  changes only a t  ab o u t th e  second decim al p lace), th ere fo re  it is 
n o t  w orthw hile to “ o v e rc o u n t”  th e  sam ples to d iscover som e ra re  species.

A t three  p o in ts  o f  L ak e  V elence, the d iv ers ity  o f p h y to p la n k to n  is in  a n  increasing  
sequence , as follows: F ü rd e tő ,  N einfog i-tisztás, Gallér. T he area  o f F ü rd e tő  p o llu ted  by his 
c reeks was the m ost fa v o u ra b le  h a b ita t  for p lan k to n  algae a t  th e  tim e of o u r ex am inations. 
In  1972, F ü rde tő  was in  a s ta te  w hen the  in flax ing  p o llu ta n ts  w ith  th e ir  n u tr ie n t  su p p ly  still 
in creased  the d iv ers ity  o f p h y to p la n k to n . T he fu r th e r  increase  in  n u tr ie n t  su p p ly  1973 and 
1974 led to a strong d ecrease  in  d iv e rs ity . It is assum ed th a t  th e  e u tro p h ic a tio n  e s tim a ted  by 
th e  a lgal count in fluences th e  d iv e rs ity  index  according to  a curve h av in g  a m ax im u m  (tu rn ing  
p o in t)  as a function  o f sa p ro b ity  and  to x ic ity . T he increase  o f the  la t te r  ones b rings abou t a 
d ecrease  in the d iv e rs ity  o f th e  to ta l algal coun t, a lth o u g h  the  d iv e rs ity  v a lu es o f c e rta in  algal 
g ro u p s can  show an in crease  a t  the  sam e tim e.

From  the v iew p o in t o f fu r th e r  ex am in atio n s , 1972 was of v ita l im p o rta n ce , since the 
tu rn in g  p o in t m entioned  before  m ig h t be observed a t  th a t  tim e. In th e  follow ing years the 
in creas in g  e u tro p h ica tio n  d ecreased  th e  d iversity  index.
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Ecological an d  b ryogeographical d a ta , tax o n o m ic  an n o ta tio n s , m oreo v er new 
localities an d  th e  general d is tr ib u tio n  p a tte rn  o f  330 species collected by  T . P ó c s  in  th e  
T an z an ia n  m o u n ta in  a reas an d  by  o th er co llecto rs in  d ifferen t regions o f S o u th  E a s t 
tro p ica l A frica. A large  n u m b er of th e  species is re p o rte d  for th e  f irs t tim e  fro m  E a s t 
A frica  and  six o f th em  are  new  to  th e  A frican  c o n tin e n t. T axonom ic a n n o ta tio n s  were 
carried  o u t by  M. B l Z O T  on M usci, f irs t o f a ll on F issidens  species, while b y  T . P ó cs 
on  Hepaticae  an d  on som e species of B ryu m  a n d  R hodobryum . The a u th o rs  p ro p o sed  a 
few new nam es: F ru lla n ia  vandenberghenii Pócs nom . n ov .; Lejeunea tuberculiflora  
E . W. Jo n es  ex  Pócs nom . nov .; and  the  follow ing new  com binations: Lophocolea muha- 
vurensis  (S. A rnell) S. A rnell ex Pócs comb, n o v .; C am pylopus metzlerelloides (P . V arde 
e t  T h ér.)  B izot com b. n o v .; F issidens diaphanodonta  (P . V arde) B izot com b. n ov .; 
F issidens enervis Sim . ssp. hedbergii (P . V arde) B izo t s ta t.  nov .; Rhodobryum  p ersp in i-  
dens (B ro th .)  Pócs com b. nov. and finally  R hodobryum  spathulatum  (H o rn scb .)  Pócs 
com b. nov. for th e  species know n till now u n d e r  th e  nam e Rhodobryum ontariense  
(K in d b .)  K indb . from  N o rth  A m erica and  E u ras ia .

In troduction

Since o u r f irs t  jo in t  p u b lica tio n  on E as t A frican  B ry o p h y tes  ( B i z o t — P Ó C S  1974) we 
d e a lt p a r tly  w ith  o th e r  N orw egian , D anish , G erm an , A m erican  and  Belgian —  collections 
m ade  in  E a s t A frica ( B i z o t  D u r y -  P ó c s  1976, B i z o t — F r i i s — L e w i n s k y — P ó c s  1978, 
B i z o t  D u r y  1978, B i z o t  P ó c s— S h a r p  1979, V á n a — P ó c s— D e  S l o o v e r  1979), p a r tly  
a cc u m u la te d  ou r new  id en tif ic a tio n s  for th e  p re sen t p a p e r , w hich covers the  liv e rw o rts  and  
m o st ac ro carp o u s m osses. T he c o n tin u a tio n  w ith  th e  p leu ro carp o u s fam ilies will be p u b lish ed  
in  th e  n e a r  fu tu re  in  E a s t  A frican  B ry o p h y tes  V, to g e th e r  w ith  h a b ita t  photos, d is tr ib u tio n a l 
m ap s a n d  w ith  a geographica l analysis on th e  species d iscussed  in  b o th  papers.

D u rin g  th e  tim e e lapsed  m an y  im p o rta n t p u b lic a tio n s  were p resen ted  b y  d iffe ren t 
a u th o rs , an d  we becam e in  possession of im p o rta n t rev is io n s n o t seen before (see th e  R eferences). 
I n  th e  l ig h t o f these  w orks we h ad  to revise and  rec tify  m a n y  of our d a ta  prev iously  p u b lish ed , 
as th e  R ead e r will f in d  th e  q u o ta tio n s  w ith the species n u m b ers  of E a s t A frican B ry o p h y te s  I. 
in  o u r  an n o ta tio n s .

A long th e  collections o f th e  ju n io r a u th o r e n rich ed  by  new  gatherings from  his v is it 
on  M t. K ilim an ja ro  gu id ing  th e  H u n g a rian  TV E x p ed itio n  in  1976, we iden tified  a large  n u m b er 
o f  liv e rw o rt specim ens co llected  by  d ifferen t sp ec ia lis ts  o f Salisbu ry  U n iv ersity  in  S o u th  
tro p ic a l A frican  coun tries , as in  Z im babw e-R hodesia , M alaw i, L esotho and  M ozam bique, and  
d ep o sited  in  CAH , k in d ly  su b m itte d  for id en tif ic a tio n  b y  M. R . Crosby  (MO), as well th e  
liv e rw o rts  collected  b y  W. D ’A rcy  (MO) from  R w an d a ; b ry o p h y te s  collected in  Z am b ia  by 
J .  KoRNAá (K R A ), in  K en y a  and  in  T an zan ia  by  D . J .  Ma b b e r l e y  (O X F ), in  T a n z a n ia  by
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B . J .  H a r r is  and  by R. W in g f ie l d  (DSM ). We rece ived  im p o r ta n t m ateria ls fo r com p ariso n  
fro m  B R , H  and  from  PC. W e ex p ress  ou r k in d est g ra ti tu d e s  tow ards th e  above  collectors, 
c u ra to r s  a n d  d irectors o f h e rb a r ia  concerned . T he ju n io r  a u th o r  is th an k fu l fo r th e  fin an c ia l 
s u p p o r t  rece iv ed  from  th e  U n iv e rs ity  of D ar es S a laam , H o Si M inh T eachers’ College, E ger, 
a n d  f ro m  th e  H u n g a rian  A cad em y  of Sciences. W e a re  also in d eb ted  to  R . G r o l l e , E . W. 
J o n e s , S. R . G r a d ste in , S. O r b á n , P . T ix ie r  an d  to  J .  V ána  for id en tific a tio n s or rev isions 
o f c r it ic a l  species (see also th e  a b b rev ia tio n s). T he f i r s t  specim ens of th e  m ate ria l lis te d  are 
d e p o s ite d  in  E G R , du p lica tes are  d is tr ib u te d  am ong th e  h e rb a ria  of M. B izo t , now  PC , DSM, 
E A , B P , G, MO and o thers.

I n  th e  species lis t, a f te r  th e  serial n u m b er an d  species nam e th e  R eader f in d s  in  m an y  
cases im p o r ta n t  synonym s, fu r th e r  th e  ecological d a ta  a n d  localities of th e  co llected  specim ens. 
I f  th e  re c o rd  is new for a la rg e r geograp h ica l u n it, is m a rk e d  by  an  asterisk  before i ts  a b b re v ia ­
tio n . I t  is  follow ed by  th e  co llecto r’s nam e and n u m b er. I f  th e  collecting n u m b er s ta n d s  alone 
w ith in  th e  p a ren th eses , th e  co llection  was m ade b y  T. PÓCS and  his com panions e n u m e ra te d  
in  B iz o t  P o e s  1974: 398. C ollecting  num bers of T . P ó c s  (in  fa c t loca lity  n u m b ers ) h igher 
th a n  6916  re fe r to his collections m ade in  T an zan ia  d u rin g  the  H u n g a rian  TV E x p ed itio n , 
b e tw e e n  21 Ju n e  and 11 .July 1976. T he collecting d a ta  a re  followed by the  a b b re v ia te d  nam e 
of th e  id e n tif ie r :  В —  M. B izo t , J  — E . W . J o n e s , G —  R. Gr o lle , P  — T. P ó c s , V — 
J .  V á n a . T h e  know n d is tr ib u tio n  is given only in  g en era l, referring  to  our p rev io u s pap ers  
w ith  d e ta i le d  d a ta  (EA B  I, I I ,  IV ). A checklist w ith  full reco rd s of tro p ical A frican  liv e rw o rts  
a n d  a n  o th e r  one of th e  E a s t an d  S o u th  tro p ical A frican  m osses are un d er p re p a ra tio n .

T h e  a b b rev ia tio n s used to  in d ic a te  th e  su b s tra te s  o f b ry o p h y tes :

te :  terricolous ru : rup ico lous Ii: lignicolous
c t:  corticolous ra : ram ico lous ph : epiphyllous

A b b re v ia tio n s  of th e  geog rap h ica l u n its  used  b y  th e  localities and  b y  th e  d is tr ib u ­
t io n a l d a ta :

A B E : A b e rd a re  Mts. in K en y a  
B Y S : M t. B ysoke in  R w an d a  
C H E : C h e ran g an i H ills in  K e n y a  
E A : E a s t  A frica
E U S : E a s t  U sam b ara  M ts. in  T an z an ia  
E L G : M t. E lg o n  in  U g an d a— K e n y a  
F .R .:  F o re s t  Reserve 
F . S t . :  F o re s t  S ta tio n  
G O L : G ologolo Mts. (K ilom bero  R ange) 

in  T a n z a n ia
K A N : M t. K an g a  in  T an zan ia
K : K e n y a
K E N : M t. K en y a
K I B :  K ib o ria n i Hills in  T an zan ia
K I L :  K ilim a n ja ro  M ts. in  T an zan ia
M E R : M t. M eru  in  T an zan ia
M O Z: M ozam bique
M U L : M u la n je  Mts. in  M alaw i
N G O : N g o rongoro  C rater a rea  in  T an z an ia
N G U : N g u ru  M ts. in  T an zan ia
P O R : P o ro to  M ts. in  T an zan ia

R H O : Z im babw e
R U N : R ungw e Mts. in  T an zan ia
R U W : R uw enzori M ts. in U g a n d a — Zaïre
SA: S o u th  Africa
SA m : S o u th  Am erica
SE A : S o u th  E a s t Africa
S H L : S o u th e rn  H ighlands (M ufind i E sc a rp ­

m e n t)  in  T anzan ia  
S P A : S o u th  Pare  M ts. in  T an zan ia  
T : T an z an ia
U K A : U k a g u ru  M ts. in  T an zan ia
U .F .R .:  U n iv ersity  F o rest R eserve  
U L U : U lu g u ru  Mts. in  T an zan ia  
U SG : U sag a ra  M ts. in  T an zan ia  
U S B : U sam b a ra  M ts. in  T an zan ia  
U Z U : U zungw e M ts. in  T an zan ia  
W A : W es t Africa
W U S: W est U sam b ara  M ts. in  T an z an ia  
Z: Z am b ia  
Z R E : Z aïre
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List of species collected

H E P A T IC A E

Pseudolepicoliaceae

1. Blcpharostoma trichophyllum (L .) D um . On sh a d y  lav a  rocks. *BYS: 3000 m , am ong 
Sym phyogyna  podophylla  (c. D’A rcy 7966/B); K I L :  S o f Shira H u t, 3660 in (6927/T); 
d e t. P. A ltim o n tan e  in  A frica , EA B  I.

Lepicoliaceae

2. Mastigophora diclados (B rid .) Nees — M ontane fo res ts , c t  o r ru . *K A N : S 1100 1370 m
(6138/N , 6139/AO, 6140/Z); U L U : M were v. 1600 m  (6258/C); de t. P . P a laeo tro p ica l, 
E A B  I.

Lepidoziaceae

3. Lepidozia lacerata S tep h . R U W : M ute inda  ro c k  sh e lte r, K ainsonga  v. 3900 in (c. 
L o veridg e  305/A); d e t. P . E A  m o n tan e  — SA.

4. Lepidozia truncatella Nees R U W : A bove M in ita  C am p, 2700 m  (c. L o v erid g e  394); 
d e t. P . E A  m o n tan e  SA.

5. Kurzia irregularis (S te p h .)  Grolle In  subalp ine  g ia n t  Erica  h ea th , ru . * K IL : Umbvve
R o u te  2800 2900 m  (6929/Z); de t. P. A froalpine.

6 . Arachniopsis diacantha (M ont.) Howe *MOZ: M anica  e Sofala D istr., M ak u ru p u n i r. 
(c. K in g  В 22 p .p .) ;  d e t. P . E A B  I.

7. Bazzania borbonira  S tep h . E lfin  w oodland, ru . U L U : L u panga  crest 2050 m (6551/K ); 
d e t. P. E A -S A -L em urian  species.

8 . Bazzania decrescens (L eh m , e t L indenb .) T rev . M o n tan e  fo rests, c t, ru . * R IIO : M aku­
ru p u n i r. c. W illia m s  8 , 13. In y an g a  D istr., ab ove  le f t  b a n k  o f N y am in g u ra  r., 1200 m 
(c. P h ipp s  B 6 6 ); M else tte r D istr.: C him anim ani M ts. (c. P h ip p s  B 27); U in ta li D istr., 
c loudlands 1680 m  (c. E y l e s  4850 p .p .); *Z: N W  P ro v ., Z am bezi source n e a r M w inilunga, 
1580 m (c. KoRNAá B R -0024); *MOZ: M anica e Sofala  D istr., M ak u ru p u n i r. (c. K in g  
B22 p .p .); de t. P . W id esp read  in  trop ical A frica a n d  in  A u stra las ia .

9. Bazzania nitida (W eb.) G rolle E lfin  fo rest, pb . U L U : B ondw a to p , 2100 m  (6233/H ); 
d e t. P. F rom  C am eroon to  E A  an d  SA, M ascarenes, SA m , A ustra lia .

10. Bazzania roccatii Gola R U W : K am songe v ., M u te inda  rock  sh e lte r, 3900 m  (c. L o v erid g e  
304/B ); de t. P . A froa lp ine .

Calypogeiaceae

11. Calypogeia fissá (L .) R ad d i R oadcu ts, r iv e rb a n k s  in  th e  m o n tan e  fo res t belt. * K IL : 
M arangu R ou te  (2100 m  (6365/A ); *R H O : C h im an im an i M ts. in M else tte r D istr. c. 
P h ipp s  B31 p .p .; M else tte r D istrs ., B undi on S slopes o f M t. Peza, 1750 m  (c. M itc h el l  
520/B); K asp iti, 1275 in c. L o v e r id g e  (1247 p .p ., 1249 p .p .) ; de t. J  an d  P . C ircum boreal, 
b u t  also in tro p ica l a n d  S o u th  Africa.

Lophoziaceae

12. Cbandonantbus cavallii (G ola) S. A rnell R U W  : K am so n g e  v ., M u te inda  rock  she lte r, 
3900 m  (c. Lo v e r id g e  304/C); * R H O : V um ba E le p h a n t  F o re st (c. W ild  7672A p .p .); 
th e  p lan ts  d o u b tless belong  to  th e  above species, b u t  in  th e  know ledge o f th e  ecology of
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th is  ty p ic a l afroalp ine e lem en t, in  th e  case o f th e  R h o d esian  p la n t p ro b a b ly  a label 
c h a n g e  is a t  hand  P . E A B  I.

13. Chandonanthus hirtellus W eb.) M itt. ssp. giganteus (S tep h .)  V anden  B e rg h en  — BYS: 
3000 m  (c. d ’Arcy  8189); d e t. P . E A B  I ,  afroa lph ine .

14. Tritomaria exsecta (S chrad .) L oeske  — M o n tan e  fo res t, e t e t. *R U N  : N  2300 m  (6334/Z); 
d e t.  Y . A ltim o n tan e  in  A frica , E A B  I.

15. Cuspidatula contracta (R einw . e t  a l.)  S tep h .) — M ontane  forests, ru . U L U : M zinga falls, 
1450 m  (6266/V); det. Y. P a la e o tro p ic a l, E A B  I.

J  linger man niaccae

16. Jamesoniella purpurascens S tep h . M ontane  forests, ru , et. *R U N : M t. K y e jo  E  of 
T u k u y u  tow n , N 1700 m  (6 7 7 0 /J); *Z: N W  Prov ince, Z am bezi source n e a r M w inilunga, 
1580 m  (c. K ornas B R -0024 p .p .) ;  d e t. V. E A -S A -L em urian , E A B  I.

17. Marsupella africana S teph . ex  B o n n e r — In  rock  cav ities o f th e  a lp ine  tu sso ck  a n d  semi- 
d e s e r t  zones. K IL : U m bw e R o u te , S o f B arran co  H u t, 3900 m  (6934/F); S h ira  P la te a u , 
b e tw e e n  Shira and A rrow  G lacier H u ts , 4200 — 4500 m , a fo rm , w hich w as desc rib ed  by
S. A r n e l l , as M . hedbergii (S. A r n e l l  1956: 544); det. P . A froalp ine , E A B  IY .

18. G y m n o m itrio n  lacera tum  (S te p h .)  H o rik . In  rock  crevices o f su balp ine  P h ilip p in  an d  
a lp in e  H elichrysum  co m m unities. K IL :  N  of B arran co  H u t 3900 — 4000 m  (6933 /F , 6935/G); 
n e a r  S h ira  H u t (3700 m  (6 9 26 /F ); d e t. P . Y ery  d is ju n c t, see E A B  I an d  IY.

Schistochilaceae

19. Schistochila sphagnoides (S chw aegr.) S te p h . Syn .: S. lim bata  S. A rnell — On ro ck s. R H O : 
M e lse tte r  D istr., *C h im an im an i M ts. N W  of h u t ,  1620 m  (c. M it c h e l  414); In y an g a  
D is t r . ,  above left b an k  of N y a m in g u ra  r iv e r, 1200 m  (c. P h ip p s  B 67); d e t. P . SE A  — 
L e m u r ia n  species, see E . W . J o n e s  1976/A: 37.

20. Paraschistochila englerana (S te p h .)  S ch u st. Syn .: S . engleriana  S teph . — M o n tan e  fo rest, 
ra .  *M A D : Diego Suarez, A m b re  M ts., P a rc  N a t. be tw een  P e tit  L ac  a n d  G ran d  Lac, 
1200 m  (c. Crosby  7403); Y ery  ty p ic a l specim en  w hich  c an n o t be classified  to  P . neesii 
(M o n t.)  Schuster know n from  M ad ag asca r, d e t. P . I t  w as know n p rev iously  o n ly  fro m  th e  
o ld  c r is ta llin e  massifs of E a s t  A frica , see E . W . J ones 1976/A: 39.

L ophocoleaceae

21. L o p h o co lea  concreta M ont. M o n tan e  fo rest, c t. * K IL : N kw eseko 1700 —1800 m  
(6 3 5 8 /D ); U m bw e R o u te  1800 m  (6 351 /F ); d e t. J .  W id esp read  in  tro p ical A frica , E A B  I, IY.

22. L o p h o co lea  congoana S tep h . — M o n tan e  fo rests, te , li, ru . *K IL : U m bw e R o u te  1700 — 
1900 m  (6351/C); M arangu  R o u te  1900 — 2200 m  (6364/A, J o n e s  2221); K im efu  v . above 
N k w esek o  1850 m  (6360/A , J o n e s  2220); *R H O : M else tte r D istr., C h im an im an i M ts. 
(c. P h i p p s  B31); B undi on  S slope of M t. Peza 1750 m  (c. M i t c h e l l  520/C); d e t. J  an d  P. 
W id e sp re a d  in trop ical A frica .

23. L o p h o co lea  difformis N ees — O n r iv e r  b a n k . *R H O : G orom onzi D is tr ., N g o m ak u rira , 
D o m b sh a w a  Res. 1350 m  (c. L o v e r i d g e  1311); de t. P . W idespread  in  tro p ic a l A frica, 
E A B  I ,  IV.

24. L o p h o co lea  fragrans (M oris e t D e  N o t.)  G o tt, e t  al. — M ontane  fo rests, c t,  Су. *U L U :
M a g a ri p eak  N N E  1500 1800 m  (6296/U ); K IL : U m bw e R o u te  1800 m (6351 /E , J o n e s

2117 p .p .) ;  det. G and  J .  A tla n tic  a n d  S E u ro p e , E A , SA, E A B  I.
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25. Lophocolea lucida (S p reng , ex  L ehm .) M ont. — M o n tan e  fo res ts , Erica  and  o th e r  h a rk s. 
K IL : M arangu  R o u te  2200 m (6365/C, J ones 2134); * R U N : M t. R ungw e N E  2400 m 
(6327/G E); det. J .  Q u ite  d is ju n c t in tropical Africa a n d  in  th e  neighbouring  islands, E A B  I.

26. Lophocolea muhavurensis (S. A rnell) S. Arnell ex Poes, comb. nov. B asionym : C hiloscyphus  
m uhavurensis  S. A rnell, A rk . B ot. 3: 526, f. 3 (1956). N e a r fo res t line, in sc a tte re d  E rica  
arborea s ta n d  w ith  g ia n t g ro u n d se l, on  w et rocks a m o n g  o th e r  b ry o p h y tes  near s tre am le t. 
K IL : C harongo v. below  M w eka Base H u t, 2985 m  (6719/M ); d e t. P . A froalp ine, E A B  I.
S. A rnell (1959: 543 — 544) p ro p o sed  th is  new c o m b in a tio n , w ith o u t its  valid  p u b lica tio n , 
referring  to  th e  e x a m in a tio n  b y  R . Grolle , w ho n o tic e d  th e  Lophocolea like te rm in a l 
p e ria n th s  of th is  species (P ).

27. Lophocolea muricata (L eh m .) N ees M ontane fo res ts, c t  o r  p h  on film y fern leaves. U L U : 
B ondw a E  1600 m  (6181/CC); *R U N : M t. R ungw e N E  2400 m  (6327/GA); de t. P a n d  J .

—  Chiloscyphus d ecu rrens (R e in w ., B lum e et N ees) N ees in  G ott, et al. S y n . 
H ep .: 173 (1845) is th e  earlier syn onym  o f C. m ascarenensis  S. A rnell fid e  
P o e s  1976: 96, see a lso  E A B  I, N o. 19.

Syn . n ov .: C hiloscyphus santoensis P . T ix ier , B u ll. M us. N at. H ist. N a t. 
Paris 3 e ser. N o . 26 9 :  44 ,  f. 2 (1974). B y  th e  k in d n ess o f  prof. T i x i e r , 
I could exam in e th e  ty p e  o f  Ch. santoensis an d  foun d  it to  be id en tica l 
w ith  th e  ab ove sp ec ies . I ts  know n d istr ib u tio n  is n ow  w idered from  th e  
precam brian  m assifs o f  E a st Africa to  H a w a ii, S o lom on  Islan d s, S am oa  
and d ’E n trec a steu x  Isla n d s, inel. the N ew  H eb rid es: E spiritu  S a n to , th e  
ty p e  lo c a lity  o f  Ch. santoensis. A n n ota tion  b y  P . (See m ap 1 in P o e s  
1976: 95.)

28. Conoscyphus trapezioides (Sde-L ac .) Schiffn. M o n tan e  fo res t, ra . U L U : M t. K ifu ru  N 
of B u n d u k i, 2010 m  (6915/K ); W of K ibungo M ission, 1730 m  (6477/K ); det. P. P a laeo - 
tro p ic  species, E A B  I.

29. Leptoscyphus hedbergii (S. A rnell) Schust. — M o n tan e  fo res t, c t. *K IL : M weka R o u te
2000 — 2500 m (6717/J); d e t. G. A froalp ine, know n fro m  a lt i tu d e  3200 3990 m.

30. Leptoscyphus infuscatus (M itt.)  E . W . Jones -  R U W : M u te in d a  rock shelter, K am so n g e  
v ., 3900 m c. L o v e r id g e  (298/A ); A bove M iniba C am p, 2700 m , c. L o veridg e  (394): d . P  
T ropical A frica, E A B  I.

Plagiocliilaceae

31. Plagioehila barteri M itt. — M ontane  forest. *R H O : U m ta li  D is tric t, V uinba E le p h a n t 
F o rest (c. W ild  7672A p .p .) ;  th e  o th e r  p a r t  of th e  sam e g a th e r in g  con tains C handonanthus 
cavallii, therefore  I suppose  a p ro b ab ly  label change P . A from ontane  species, fro m  
Sao-Tom é to M adagascar.

32. Plagioehila divergens Step li. v a r . capcnsis (S tep li.)  E . W . Jo n es  * R IIO : M else tte r 
D istr., K asip iti c. L o v e r id g e  1227; det. P . E A  m o n ta n e , see EA B  I, IV. T he v a r. is 
know n from  Angola a n d  fro m  th e  Cape.

33. Plagioehila ericicola S te p h . — G ian t Erica  h e a th  b e lt, ru . R U W : K am songe v ., M u te inda  
rock  she lte r 3900 m  c. L o v e r id g e  (304‘D); det. P . A fro a lp in e , E A B  I.

34. Plagioehila integerriina S te p h . L ow land forest species. * R I1 0 : M elsetter D istr., M aku- 
ru p u n i forests, ro ck y  bed  o f H aro n i r. 330 m c. K e l l y  174; C him anim ani M ts., w ith  
P lagiom nium  rostratum  s. 1. c. P i iip p s  B 26b; det. P . W id e sp re ad  in trop ical A frica, E A B  IV.
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35. P la g io c h ila  sinuosa M itt. M o n tan e  fo rests, ru , ra . *U L U : M orningside 1450 in (6854?/J); 
* R H O : M elsetter D istr., C h im an im an i M ts., below  falls on B ondi a t  N o f B u n d i V alley 
P la in ,  1630 m (c . M i t c h e l l  359); de t. P . E A  m o n ta n e , EA B  IV.

36. S yzyg iella  concreta  (G o tt.)  S p ru ce  — E lfin  w oo d lan d  te  an d  p h !  * U L U : B ondw a top  
2100 m  (6052/AK); L u p an g a  S 1900 — 2000 m  (6287/AV); det. I n o u e , P . S o u th  A m erican  
sp ec ie s  (Venezuela, B rasil, T r is ta n  da C unha) re ce n tly  discovered  in  tro p ic a l A frica: 
R w a n d a , Rugege Forest.

A crobolbaceae

37. L e th o co lea  congesta (L eh m .) S. A rnell — S u b a lp in e  P h ilip p ia  a n d  a lp in e  H elichrysum  
c u sh io n  vegeta tio n , te , ru . *B Y S: 3000 m  (c. D ’A r c y  s.n .); K IL : M a ran g u  R o u te  near 
H o ro m b o  H u t, 3700 — 3800 m  (6248/U ); U m bw e R o u te , n ear th e  U n d  B iv o u ac  a n d  the 
th e  B a rran co  H u t, 3600 — 3800 m  (6932/B , 6794 /H ); S of Shira H u t in  a cav e , 3660 m  
(6 9 2 7 /R ); det. V. A froa lp ine  — S o u th  A frican  — L em u rian , EA B  I, IV.

A rnelliaceae

38. G o n g y lan th u s e riceto rum  (R a d d i)  Nees — * R H O : M elsetter D istr., C h im an im an i Mts. 
(c. P h i p p s  B40); de t. P . W  a n d  S E u ro p e , A frica , E A B  I.

A d e lan thaceae

39. O dontosch ism a a frican u m  (P e a rs .)  Sim  — E lfin  fo res t, ru , c t. *U L U : M agari p eak  E  
2100 m  (6297/T); *U K A : M n y era  ridge 2060 m , w ith  p ropagules (6871/A S); d e t. V. New 
fo r  E a s t  Africa, p rev iously  k n o w n  on ly  fro m  Cape.

40. A d e lan th u s  decipiens (H o o k .) M itt. — E lfin  fo res t, e t. U L U : E  edge o f L u k w an g u le  PI. 
2350 — 2450 m  (6827/AC); d e t.  P . A tla n tic  E u ro p e , tro p . A m erica a n d  A frica , E A B  I.

41. A d e lan th u s  lindenbergianus (L eh m .) M itt. — R U W : M uteinda rock  sh e lte r  in  K am songe  v. 
3900 m , ru , c t (c. L o v e r i d g e  321, 302); d e t. P . V ery  oceanic, d is ju n c t species w ith  sub- 
a n ta r c t ic  charac te r, E A B  I.

R ad u laceae

42. R a d u la  ho lstiana S teph . — R H O : In y a n g a  D is tr . b y  N am ingura  r., m ossy  b a n k  a t  900 m 
(c. P h i p p s  B80); M else tte r D is tr . ,  C h im an im an i M ts. (c. P h i p p s  B17 p .p .) ;  d e t.  P . W ide­
s p re a d  a from ontane  species f ro m  C am eron to  R éu n io n . I t  includes th e  species p rev iously  
k n o w n  as R. meyeri S te p h ., to o , E A B  I.

43. R a d u la  lindbergiana G o tt, e x  H a r tm . — M o n tan e  forest, c t. R H O : M e lse tte r D istr., 
K a s ip i t i  1200 in c. L o V e r i d g e  1278; d e t. P , co n firm ed  by  Y a m a d a . R ho a n d  SA  w idespread .

44. R a d u la  stenocalyx M ont. — M o n tan e  fo res ts, p h . U L U : M were v. 1500 — 1600 m  (6176/P); 
B o n d w a  top  2100 m  (6233/G ); L u p an g a  S 1 9 0 0 —2000 m  (6287/A H ); d e t. P . T ropical 
A m erica  and  Africa, E A B  I.

F ru llan iaceae

45. F ru lla n ia  apicalis M itt. — E p ip h y llo u s  in  e lfin  fo res t. U L U : B ondw a to p  2100 m  (6233/R); 
d e t.  P . W idespread m o n ta n e  species in  tro p ic a l A frica. A ccording to  V a n d e n  B e r g h e n  

i t  is v e ry  seldom  e p ip h y llo u s , on ly  a t  p laces w ith  very  h igh  a ir  h u m id ity . (V a n d e n  
B e r g h e n  1976/A: 55.)

46. F ru l la n ia  bu lla ta  S teph . M o n tan e  fo res t, ra . * R U N : Mt. R ungw e N E  2500 m  (6328/F); 
d e t.  P . SE  A frican L em u rian .
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47. F ru llan ia  depressa M itt. M on tane  forests, et. N G O : v ic in ity  o f C ra ter View on S rim , 
2160 in (c. Cr o s b y  8657); K IL : U m bw e R oute  2700 m  (6194/U ); d e t. P. W id esp read  in  
tro p ica l Africa.

48. F ru llan ia  d ip tera  (L ehm , e t  L in d en b .) G ott, et al. R e la tiv e ly  d ry  m o n tan e  fo rests, c t. 
*SPA : W N W  of K isiw an i, M t. K w izu  E  1000 m  (6716/U ); M E R : N gurdo to  C ra ter rim  
1800 m  (6213/T); d e t. P . U nco m m o n  in trop ical A frica.

49. F ru llan ia  ericoides (N ees) M ont. Syn .: F . squarrosa (R e in w ., Bl. e t Nees) D um . Drier 
fo rests, w oodlands a n d  on sole tree s , e t. K : N E  of N a iro b i, 1700 m  (6607/G); U L U : beh ind  
K ig u ru n y em b e  M ission, 700 m  (6723/T); R H O : Y o ra n m az i D istr., Y ilanche F a rm  20 
m iles E  of Sa lisbu ry , 1350 in  (c. M i t c h e l l  208); d e t. P . P a n tro p ic a l,  very  w idesp read  in  
A frica.

50. F ru llan ia  lindenbergii L ehm . M ontane  forests, ep ip h y llo u s ! * K E N : Castle F . S t. 2000 m 
(6604/B ); U L U : T op  of M t. K ifu ru  2000 m  (6915/AA); d e t.  P . E A -SA -L em urian .

51. F ru llan ia  nodulosa (R e in w ., Bl. e t  Nees) Nees in G o tt, e t  al. L ow land ra in  fo rests, c t. 
*U L U : K im boza F. R . 300 m  (6301/A ); det. J . U n co m m o n  p a n tro p ica l species, th e  f irs t 
reco rd  betw een Z aire an d  th e  Com ores.

52. F ru llan ia  se rra ta  G o tt. M ontane forests, c t, ra . R H O : U m ta li D istr., C loudlands, 
1560 m  (c. E y l e s  4851); In y a n g a  D istr. and  M ts., E  slopes, 1800 m (c. H e n k e l  2627 p .p .); 
d e t. P . P a laeo tro p ica l, in A frica: m o u n ta in s from  E th io p ia  to  th e  Cape.

ad  var. pertenu is  (N ees) G o tt, vergens — N G U: D u n em a  hill 1400 1500 in (6398/A E);
d e t. P .

53. F ru llan ia  trinerv is (L ehm , e t L in d en b .) G ott, e t al. In  re la tiv e ly  d ry  fo rests a n d  in
deciduous w oodlands, c t, ru , li. *SPA : Mt. K w izu E  ab o v e  K isiw an i village, 900 1000 m
(6716/V, W ); Z: A long th e  G re a t E a s t R oad  125 km  E  of L u sa k a , 1200 m  (6621/w); R H O : 
U m ta li D istr., C loudlands, 1650 m  c. E y l e s  (4849/A); * L E S O T H O : Berea D istr., M am a- 
tlie ’s, 1750 m, in rav in e  on steep  slope (c. J a c o t - G u i l l a r m o d  6344); M aseru  D istr., 
B otsabelo  K loof, 1570 m  (c. J a c o t -G u il l a r m o d  6285); d e t. P . W idespread  in  tro p ical 
an d  in Sou th  A frica.

54. F ru llan ia  u sam b aran a  Scliiffn. v a r. reducta  V audén B erg h en  S u b m o n tan e  fo rests, ru. 
*U L U : T egctero M ission, 975 m  (6424/S); det. P. T y p ic a l E A  Le m uri a n  e lem en t, 
E A B  IV.

—  F ru iia llia  vandeiiberghen ii Poes, nom . nov. in s te a d  of
Frullania epiphylla V an d en  B erghen, B ull. J a r d .  B o t. N a t. Belg. 46: 

30, f. 7 (1976), w hich  is an  illeg itim ate  h o m o n y m o n  of
Frullania epiphylla H a t t .  Jo u rn . H a tto r i  B ot. L ab . 38: 236, f. 115 

(1974).
Lejeuneaceae

55. P ty ch an th u s s tr ia tu s  (L ehm , e t L in d en b .) Nees M o n tan e  fo res ts , c t. R U N : M t. R ungw e 
1600 m  (c. A l e l j u n g  315); d e t. P . P an tro p ica l, E A B  I.

56. Scliiffnerio lejeunea a ltim o n ta iia  V anden  B erghen M o n tan e  fo res t, c t. *U L U : L u panga
SW  above M bete v illage, 1500 1700 m (6284/AG); d e t. G rad ste in . New lo ca lity  o f a
recen tly  described species k n o w n  fro m  R w anda a n d  fro m  E a s t  Z aire: M t. K ahuzi.

57. Scliiffnerio lejeunea p ap peana  (N ees) G radst. Syn.: Ptychocoleus pappeanus  (N ees) S teph .
M ontane fo res t species, m ore hygrophilous, th a n  th e  fo llow ing , c t, ra . * K IL : U m bw e 

R o u te , 2100 m (6352/D ); E U S : A m ani 900 m (6086/B F, 6 1 01 /F ); *N G U : W of K w am an g a  
village 1400” 1500 m (6398/P ); n e a r M nem bule v illage 1400 m (6437/A B ); U L U : B ondw a 
N, N W , N E  1400 2050 m  12 collectings; P a la ta  N 1675 m  (6850/K ); M geta v . 1 6 0 0 -
1640 m (6912/w); M t. K ifu ru  S 1700 1850 m (6913/E); T eg e te ro  Mission 975 m  (6424/T);
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S W  ridge  of N guru  y a  N dege  h ill N  of M orogoro to w n  1090 —1160 m  (6708/S); *SHL: 
M u fin d i Scarp F. R . n ea r th e  F ish in g  Cam p, 1730 1800 m (6322/F , 6324/D ); *R U N : Mt.
R u n g w e  E  2500 — 2600 m , S W  2450 2600 m (6504/S, 6766/K , 6767/V); d e t. G an d  J .
W id e sp re ad  afro in o n tan e  sp ec ies, E A B  I, IV.

58. Sch iffnerio le jeunea  p o ly carp a  (N ees) G radst. Syn .: Ptychocoleus molleri (S te p h .)  S teph .
S u b m o n ta n e  and  low land  fo re s t  species, also in  deciduous w oodland  a n d  on  p la n te d  coffee, 
o n  sole p a rk  and  ro ad sid e  tre e s , m ore xeroph ilous, th a n  th e  p re ce d en t species. K IL : 
L y a m u n g u  Coffee R es. S t. 1260 m  (6195/J); be tw een  M arangu  an d  O ld M oshi 1700 — 
1800 m  (6368/0); W U S: L u sh o to , h o te l p a rk  (6240/C); E U S: A m an i 900 m  (6087/V, 
6102 /Z , 6381/C); *N G U : W  o f  K w am an g a  village, 1400 1500 m  (6398/w ); U L U : B ondw a
N W , N , N E  1200 1850 m  5 reco rd s; M kungw e F. R . 800 -1 1 0 0  m (6218/w ): L u p an g a  W
1500 m  (6067/M); M idhan i 880 m  (6880/A , P , 6881/T, U , A L); N g u ru  y a  N dege 815 — 850 m 
(6706 /T ); K itu langhalo  F. R . S E  500 -7 7 0  m  (6856/V); det. G, J  a n d  P . W idesp read  in 
tro p ic a l  Africa, EA B  I.

59. C audale jeu n ea  dusenii S te p h . — S u b m o n tan e  ra in  fo res t, ph . *U L U : B ondw a N  1400 m 
o n  Z enkerella  leaf (6855/A M ); d e t. P . P rev iously  know n on ly  fro m  W A : N igeria  and 
C am eroon .

60. C au d ale jeunea  h a n n in g to n ii (M itt.)  S teph . — S u b m o n tan e  an d  m o n tan e  fo res ts , c t, ra , ph. 
* U L U : M orningside-B ondw a 1450 m  (6854/G); K ino le  saw m ill 1100 m (6874/A D ); K itu ­
la n g h a lo  F. R. E  500 — 770 m  (6856/L); *R H O : U m ta li D istr., V u m b a , E le p h a n t F. 
(c. W i l d  6450/B); d e t. P . T ro p ic a l A frica , EA B  I.

61. C audale jeunea  lew allei V a n d e n  B erg h en  — M ontane  fo rests, ep iphy llous. * U L U : M were v. 
1500 —1600 m (6176/W , 6221/G ); B ondw a E  1600 m  (6181/W ); M geta v . ab o v e  H ulu lu  
F a lls ,  1600 m (6912/AA); d e t.  P . B u ru n d i, Z aire: S h ab a , E  R hodesia , E th io p ia , E A B  IV.

62. B rach io le jeu n ea  tris tis  S te p h . M o n tan e  fo rest, ep iphyllous. K IL : U m bw e R o u te  2450 m 
(6 9 3 1 /P ); det. P . A fro m o n tan e  species, EA B  I, IV.

63. D ic rano lejeunea  m ad ag asca rien s is  S tep h . — M ontane  forests, li, ra , p h . *U L U : Mwere
v . 1 5 0 0 -1 6 0 0  m  (6 1 7 6 /B J); B o n d w a N 1400 2000 m  (6051/D F, 6855/w ); R H O : U m tali
D is tr . ,  Clou Hands, 1650 m  (c. E y l e s  4849/B ); d e t. P . A fro m o n tan e  species occurring  
a lso  in South A frica, E A B  I ,  I V ,  V a n d e n  B e r g h e n  1978/A: 126.

64. M archesin ia  deslooveri V a n d en  B erg h en  — M ontane fo rest, ep iphy llous. *U K A : N  ridge
o f  Ik w am b a , 1900 m  (6866 /A C ); d e t. P . A v e ry  in te re s tin g  species re c e n tly  d escribed  from  
R w a n d a : R ugera by  V a n d e n  B e r g h e n , 1976/C: 926 929.

65. A rch ile jeu n ea  linguifolia  S te p h . — O n w et, sh ad y , p ro b a b ly  irr ig a ted  rocks. Z R E : entre 
J a lu te k a  and G anonge, 470 m  (c. L o u is  8496/B) B R ; det. P . W est A frican  low land 
fo re s t  species.

6 6 . T ax ile jeu n ea  couform is (M o n t.)  S tep h . — M ontane  forests, ep iphy llous. * K IL : Um bwe
R o u te  2450 m (6931/H ); W U S : M azuinbai, U n iv e rs ity  F. R. 1 6 0 0 —1750 m  (6371/AT); 
* U L U : Bondwa E  1600 m  (6181 /B O ); L u p an g a  S 1900 2000 m (6287/A C ): * P O R : N ear
L a k e  Ngozi 2100 m  (6330/A A ); d e t. P . W idesp read  a fro m o n tan e  species.

67. T ax ile jeu n ea  pu lch riflo ra  P e a rs . S y n .: Crossatolejeunea k ilim andjarica  S. A rn e ll — E p i­
p h y llo u s  in  m on tane  fo res ts . *U L U : B ondw a N  1450 m  (6186/G); M agari p eak  N N E 
1500 —1800 m  (6296/AG); d e t.  P . A fro m o n tan e  species from  G uinea to  th e  K ilim an jaro .

6 8 . L euco le jeunea  x an tlio ca rp a  (L eh m , e t L indenb .) E v a n s  — E p ip h y llo u s in  m o n ta n e  forests. 
U L U : Bondwa e 1600 m  a n d  to p  2100 m (6181/A X , 6233/T); L u p an g a  S 1 9 0 0 -2 0 0 0  m 
(6287/A Y ); det. P . P a n tro p ic a l,  E A B  I, IV.

69 . C heilo lejeunea decursiva (S d e .-L ac .) Schust. Syn .: Cheilolejeunea tissera n tii V and . Bergh. 
e t  J ö v e t-Ast - E lfin  fo re s t, ep ip h y llo u s. U L U : L u p an g a  ridge SW  1850 — 2000 m  (6287/ 
A W ); det. P. P a laeo tro p ic  spec ies: S ierra  Leone, C en tra l A frican  R ep u b lic , Z aire, T anzania : 
U lu g u ru  M ts., Sri L an k a , B o rn eo , H aw aii — see G r o l l e  1977: 531.
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70. C heilo lejeunea silvestris (G o tt.)  E . W. Jo n es  var. silvestris E p ip h y llo u s  in  m on tane
fo rests. U L U : Mwere v. 1500 1600 m (6176/B I); M geta v. above H u lu lu  F a lls , SE  of
B u n d u k i, 1600 m (6912/Л В ); d e t. P . E A  L em u rian  v a rie ty , EA B  I.

v a r. involuta  (S tep h .) E . W . Jo n e s  Syn.: Ch. a fricana E . W. Jo n e s , Pycnolejeunea  
involu ta  S teph . E p ip h y llo u s in su b m o n tan e  fo rest. U L U : K inole  saw m ill 1100 in 
(6874/A F); det. P. T rop ical A frican  lo w lan d  species, E A B  I, IV.

71. S trepsile jeunea brevifissa (G o tt.)  S tep h . E p ip h y llo u s in m on tane  fo res ts. * U L U : Mwere
v. 1500 1600 m  (6176/B F); B ondw a N E  and  to p , 1740 2100 m  (6 2 3 3 /P , 6844/G B );
K IL : U m hw e R oute  2450 m  (6 9 3 1 /J); d e t. P. EA  a n d  SA m o n tan e , E A B  IV.

72. A nom alo le jeunea  p lu rip lica ta  (P ea rs .)  Schiffn. On dead  Erica  tw igs in  g ian t h ea th .
K IL : U m hw e R oute, 2800 2900 m  (6929/N B ); de t. P. A froalpine -|- SA , E A B  IV.

73. L ejeu n ea  acu ta  M itt. S yn .: H ygrolejeunea acuta (M itt.) V aud. B ergh. E p ip h y llo u s  in
m o n ta n e  forests. U LU : M were v. 1500 1600 m (6176/A K ); B ondw a E  1600 m  (6181/A K );
L u p an g a  S 1900 2000 m  (6287/R ): d e t. P . A fro m o n tan e , EA B  I.

74. L ejeu n ea  a la ta  G ott. S yn .: T axile jeunea  m itracalyx  E ifrig , Lejeunea m itra ca lyx  (E ifrig)
M izu t., Hygrolejeunea alata  (G o tt.)  S tep h . fide G ro lle  1977: 535. E p ip h y llo u s  in 
m o n ta n e  forest, on Trichom anes leaves. *U L U : M agari peak N N E  1500 1800 m  (6296/
A H ); d e t. P , confirm ed b y  G. N ew  fo r C o n tin en ta l A frica, prev iously  k n o w n  fro m  M ada­
g ascar, th e  M ascarenes, J a v a ,  S u m a tra  an d  Sam oa accord ing  to  Gro lle  l.c.

75. L ejeu n ea  confusa E. W. Jo n e s  E p ip h y llo u s  in m o n tan e  forest. U L U : B o n d w a E  1600 m 
(6181/A R ); det. P. T rop ical A frican  species.

76. L ejeu n ea  cyathearum  E . W . Jo n e s  E p ip h y llo u s in m ontane fo res t. K IL :  U m hw e 
R o u te  2450 m (6931/C). E a s t  A frican  m o n tan e  species.

77. L ejeu n ea  eck lon iana L indenh . E p ip h y llo u s in m o n tan e  forest a n d  in  e lf in  w oodland . 
K IL : U m hw e R oute  2450 m (6931/N ); U L U : B ondw a top , 2100 m (6233 /A L ); d e t. P. 
W id esp read  in tropical an d  in S o u th  A frica.

78. L ejeu n ea  flava (Sw.) Nees ssp. tah u la ris  (Spreng .) S. A rnell S u b m o n tan e  a n d  m o n tan e
fo res ts , p h . U L U : K inole saw m ill 1100 m (6874/AV); B ondw a E  a n d  to p  1600 2100 m
(6 2 3 3 /0 ); L upanga S 1900 2000 m (6287/AS): d e t. P . P an tro p ica l, th e  ssp . S o u th  an d
tro p ic a l A frican . EAB I , IV.

79. L e jeu n ea  isophylla E. W . Jo n e s  M ontane  forests, c t, ph. K IL : U m hw e R o u te  1700
1900 m (6351/AB); U L U : B ondw a E  a n d  to p  1600 2100 m (6188/B B , 6 2 3 3 /K ); *R H O :
M else tte r D istr., K asip iti 1200 m  (c. Lo v e r id g e  1282); U m tali D istr., C lo u d lan d s 1680 m 
(c. E y les  4850 p .p .); de t. J  a n d  P . T ro p ica l A frican , E A B  I, IV.

80. L e jeu n ea  helenae Pears. — M ontane  fo res t c t. *M E R : M alania, 1800 m 6338/C  J ones 
1760; d e t. J .  Previously  k n o w n  fro m  A ngola, N a ta l a n d  Malawi.

81. L ejeu n ea  kanieruiiensis (S tep h .)  V an d en  B erghen  S yn .: M icrolej eunea ka m eru n en sis  S teph .
M o n tan e  forests, c t, ph . K IL : U m bw e R o u te  2450 m  (6931/w); U L U : M w ere v . 1500 — 

1500 m (6167/AD); B ondw a E  a n d  to p  1600 2100 (6181/A D , 6233/AS); *M OZ: M anica e
Sofala D istr., W face of G orongosa Mts. (c. L ea cii a n d  Ca un ell  14285A p .p .) ;  d e t. P. 
T ro p ica l A frican , EAB I.

82. L ejeu n ea  ly ratiflo ra  (S tep h .) V an d en  B erghen  Syn .: Hygrolejeunea lyra tiflo ra  S te p h . S u b ­
m o n ta n e  an d  m ontane fo res ts, ep ip h y llo u s m ostly  on  fern  leaves. *N G U : W  of M honda 
M ission, 800 1000 in (6400 /E ); *U L U : M were v. 1500 1600 in (6176/A A , 6 2 2 1 /J);
B on d w a E  1600 in (6181/AA); d e t. P . K n o w n  only from  C am eroon, R w a n d a  a n d  B u ru n d i.

83. L ejeu n ea  tuberculiflora  E . W. Jo n e s  ex  Poes, nom . nov. in stead  of E ulejeunea  cam erunensis
S te p h ., Spec. H ep. 6 : 417 (1923), w hich  becam e a n  illeg itim ate  h o n io n y m o n  (o rth o ­
g rap h ic  version, see I.C .B .N . A rt. 64, N ote) of Lejeunea kam erunensis  (S te p h .)  V anden 
B erghen , Bull. J a rd .  B o t. N a t. Belg. 42: 446 (1972), based on M icro lejeunea  kam e­
runensis  S teph ., Spec. H ep . 5: 812 (1915), i n  th e  fo rm , how E . W. J o n e s  (J . B ryol.
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7: 33, 1972) used  it,  w i th o u t  th e  valid  p u b lic a tio n  o f th e  nam e of Lejeunea cameru- 
nensis. He p ro p o sed  a  new  nam e a n tic ip a tin g  th e  a b o v e  new  com bination  o f Va n d en  
B e r g h e n , b u t  d id  n o t  p u b lish  i t  valid ly  as L. tu b e rc u lif lo ra .

C orticolous. *R H O : M e lse tte r  D istr., K asip iti, 1200 m  (c. L overidge  1284); de t. P . 
T ro p ica l A frican species, E A B  I.

84. Lejeunea ulicina (T ay l.)  T a y l. ex  G ott. ssp. ocellifera (S. A rnell) Schuster S y n .: M icro-
lejeunea africana  S tep h . S u b m o n tan e  and m o n ta n e  fo re s ts , p h , et. K IL : U m bw e R ou te  
2450 m  (6931/M); U L U : K in o le  sawm ill 1100 m  (687 4 /A E ); Mwere v. 1500 1600 m
(6176/S); B ondw a E , N E  a n d  to p , 1 6 0 0 -2 1 0 0  m  (6233/У , 6181/S, 6844/GC); de t. P  
W id esp read  in tro p ic a l a n d  in  S o u th  Africa, E A B  I , I I ,  IV .

85. Lejeunea villaumei (S te p h .)  G rolle  Syn.: Lejeunea arnelliana  S ch uster, Ciliolejeunea capen- 
sis  S. A rnell, fide Gr o l l e  1977: 536. — M ontane fo re s ts , ep iphy llous, corticolous, o ften  
on  Cyathea stem . * K E N : C astle  F . St. 2000 m (6603/A B ); K IL :  K im afu  v. above N kw eseko, 
1850 m  (6360/B); b e tw een  O ld  M oshi and  M aua v illages, 1750 m  (6368/B); U L U : M were v. 
1500 — 1600 m (6167 /B H ); d e t.  J  an d  P. S A -E A -L em u rian  species.

8 6 . Drepanolejeunea madagascariensis (S teph.) Grolle — E p ip h y llo u s  in  m o n tan e  forest. 
*U L U : Mwere v. 1500 — 1630 m  (6176/AK); de t. P . K n o w n  fro m  K enya: T a ita  hills, from  
M ad ag asca r and  fro m  th e  M ascarenes.

87. Leptolejeunea astroidea (M itt.)  S teph . L ow land  fo re s t, ph . *R H O : M elsetter D istr., 
H a ro n i Gorge, on  leav es o f R aw so n ia  lucida, 390 m  (c. W il d  666 8 ); det. P . K n o w n  from  
S ierra  Leone to  Zaire a n d  B u ru n d i.

8 8 . Leptolejeunea maculata (M itt.)  Schiffn. Syn.: L . thom eensis  (S tep h .) S teph. — E p iphy llous 
in  low land  and  su b m o n ta n e  fo res ts. U LU : K inole saw m ill 1100 m (6874/AN); B ondw a E  
1600 m  (6181/A E); d e t. P . P a n tro p ic a l species, fid e  Gr o lle  1976: 215.

89. Leptolejeunea quintasii S te p h . Epiphyllous in lo w lan d  a n d  su bm ontane  fo rests. U L U : 
K ino le  sawm ill 1100 m  (6 8 7 4 /A K ); det. P. T rop ical A frica n , E A B  I.

90. Prionolejeunea serrula M itt. — E piphyllous in  m o n ta n e  fo res ts . U L U : B ondw a E  1600 m  
(6181/C D ); *R H O : M e lse tte r  D istr., C him anim ani M ts. (c. P h ipp s  B31 p .p .) ; de t. P. 
T ro p ica l A frica, E A B  I .

91. Diplasiolejeunea albifolia (T ay l.)  E . W. Jones — E p ip h y llo u s  in  m on tane  fo rests. U L U : 
M w ere v. 1500—1600 m ; B o n d w a top  2100 m  (6167/A C , 6233/AO); de t. P . T ropical 
A frican , EA B I.

92. Diplasiolejeunea cavifolia S te p h . — E piphyllous in  su b m o n ta n e  forests. *N G U : K w a- 
m an g a  E  of M honda M ission, 1200 m (6397/AE); * U L U : K ino le  saw m ill 1100 m  (6874/AC); 
M w ere v. 1600 m  (6176/B M , 6221/H ); K ibungo M ission 1500 —1700 in (6475/B B ); de t. P , 
rev id . G. P a n tro p ica l spec ies, E A B  I.

93. Diplasiolejeunea cornuta S te p h . — E piphyllous an d  on  b a m b o o  stem s in  m o n tan e  forests. 
* K E N : K am w eti t r a c k  a b o v e  th e  F. St. 2400 — 2700 m  (6601/L); K IL : U m bw e R ou te  
2450 m  (6931/A); * U K A : M n y era  ridge 2100 m  (6740 /B D ); *E U S : A m ani 900 m  (6101/AC); 
U L U : L U PA N G A  1 8 0 0 - 2 0 0 0  m (6130/LA, 6287/A P); M t. T u m bako  S ridge 1500 m  
(6877/A N ); Mwere v. 1500 — 1600 m (6176/AG); d e t. G a n d  P . EA  — L em u rian  species, 
E A B  I.

94. Diplasiolejeunea deslooverii V an d en  B erghen — M o n ta n e  fo res t, ph . *U LU : W  escarp ­
m e n t o f L ukw angule  P la te a u  above Chenzem a, 2040 — 2400 m (6076/CB); d e t. P . T his 
re ce n tly  described ep ip h y llo u s  species was know n o n ly  fro m  th e  ty p le  lo ca lity : R w an d a , 
R ugege Forest, 1950 — 70 m .

95. Diplasiolejeunea kraussiana (L in d en b .) S teph. R H O : U m ta li  D istr., on M arattia  fra x i-  
nea leaves (c. W il d  6450/A ); d e t. P , confirm ed by  G. F ro m  Cape to  Zaire a n d  to  B urund i.

96. Diplasiolejeunea runssorensis Steph . var. australis E . W . Jo n e s  — R am icolous or ep i­
p h y llo u s on ra th e r  r ig id , th ic k  leaves in  m o n tan e  fo re s ts  a n d  in  elfin w oodlands. *U K A :
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M andege F. St 1500 m (6586/F); M nyera ridge 2100 ш (6740/BC); M am iw a E a s t F . R. 
2200 in (c. Ma bberley  M /1390); TJLU: B ondw a N W  1600 1800 (6227/w ); d e t. G and
T ix ier. EA  L em u rian  species, all d a ta  pu b lish ed  in  EA B  I refer to  th is  v a r ie ty .

97. Diplasiolejeunea symoeneii V anden  B erghen  E p ip h y llo u s in  m o n tan e  fo res ts . *K : E  of
K ericho  2080 2140 m  (c. R . B. a n d  A. J .  F a d e n , J .  B. C. Cameron  1972 s. n .); *K E N :
Castle F . S t. 1960 — 2000 m (6604/D ); * K IL : U m bw e R oute  2450 m  (6 9 3 1 /F ); *KA N: 
S 1370 m (6140/Aw); *U L U : B ondw a N E  1740 m  (6578/CC); det. G a n d  P . E A  m o ntane , 
E A B  I.

98. Colura berghenii Jo v e t-A s t — On d ead  E rica arborea tw igs in th e  g ia n t h e a th  n ea r the 
fo res t line. K IL : U m bw e R o u te , 2 8 0 0 -  2900 m  (6929/NC); det. P , c o n firm ed  b y  J ovet- 
A s t .  K now n only from  th e  ty p e  loca lity , in th e  K ilim an jaro  M ts. a long  M aran g u  R oute  
n ear H orom bo H u t, a t  3225 m.

99. Colura calyptrifolia (H ook .) H um . ssp. tenuicornis (E v an s) V and. B ergh . S y n .: C. tenui-
cornis (E vans) S teph . E p ip h y llo u s in  m o n ta n e  forests and in elfin луоо(11а 1̂ з .  *K IL : 
U m hw e R oute  2450 m  (6931/E); U L U : M were v. 1500 1600 in (6 1 7 6 /H ); L u p an g a  S
1900 2000 in (6287/P); B ondw a to p  2100 m  (6233/A ); det. P. P a n tro p ic a l.

100. Colura digitalis (M itt.) S teph . E p ip h y llo u s in  m o n tan e  forests an d  in  e lfin  w oodland.
U L U : M were v. 1500 1600 m (6176/B ); B ondw a to p  2100 m (6233/B ); d e t.  P . T ropical
A frican.

101. Cololejeunea africana (S tep h .) S chust. — E p ip h y llo u s in low land a n d  in  sub m o n tan e  
forests. T: K itu lan g h a lo  F. R . N E  of M orogoro, 730 m  (6856/BA); U L U : M w ere v. 1500 — 
1600 m (6176/V); B ondw a E  1600 m (6181/V); d e t. G and  P. T rop ical A frican , E A B  I.

102. Cololejeunea appressa (E v an s) B ened ix  E p ip h y llo u s in su b m o n tan e  fo res ts. *ULU:
K inole  saw m ill, 1100 m (6874/A H ); M were v . 1500 1600 in (6176 /B L ); d e t. P. Pan-
tro p ica l, E A B  I.

103. Cololejeunea bolombensis (S tep h .) V and . B ergh . E piphyllous in  su b m o n ta n e  and
m o n tan e  forests. U L U : K inole saw m ill, 1100 m  (6874/AY); M were v . 1500 1600 m
(6176/B E ); B ondw a to p , 2100 m  (6233/A R ); R H O : U m tali D istr., Y u m b a , E lep h an t 
F o re s t (c. W ild  6451 p .p .) ; (̂ e t* P* P a lae o tro p ic a l species, from  G uinea to  N ew  C aledonia, 
see T ix ie r  1975 an d  Va n d en  B er g h e n  1978/B: 447 448.

104. Cololejeunea cardiocarpa (M ont.) E v a n s  S u b m o n tan e , m on tane  fo re s ts , ph . *ULU: 
K inole  saw m ill, 1100 m (6874/AS); M were v. 1500 m  (6221/F); R H O : U m ta li  D istr., 
V u m b a , E le p h an t F o re st, on M ara ttia  leaves (c. W ild  6450/C); d e t.  P . P an tro p ica l 
species, EA B  I.

105. Cololejeunea crenatiflora S tep h . E p ip h y llo u s in  subm ontane  fo res t. * U L U : K inole
saw m ill, 1100 m  (6874/AO); M were v. 1500 1600 m (6176/AM); B o n d w a  E  1600 m
(6181/AM ); de t. P . T rop ical A frican  species.

106. Cololejeunea cuneifolia S tep h . — S u b m o n tan e  fo rest, ph. *U L U : K in o le  sawm ill, 
1100 m  (6874/A X ); de t. P . K now n from  G u inea, N igeria, C am eroon, Z aire  a n d  from  
U g an d a.

107. Cololejeunea distalopapillata (E . W . Jo n es) S ch u st. — S ubm ontane a n d  m o n ta n e  forests,
ph . U L U : K inole saw m ill, 1100 m  (6875/B B ); * R U N : M t. R ungw e N  o f  T u k u y u , SW 
ridge 1950 2050 m  (6763/A D ); de t. P . E A  m o n ta n e  species, EA B I.

108. Cololejeunea duvignaudii E . W . Jo n es  S u b m o n tan e  an d  m on tane  fo re s ts , e lfin  wood­
lan d , ph. *U LU : K inole saw m ill, 1100 m  (6874 /A J); Mwere v. 1500 -  160o m  (6176/J); 
B ondw a E  and  to p  1600 2100 m (6181 /J, 6233/U ); L upanga S 1900 2000 m  (6287/AA);
R H O : U m tali D istr., V u m b a , E le p h a n t F . (c. W ild  6452, 6451 p .p .) ; d e t.  P . T ropical 
A frican , EA B  I.

109. Cololejeunea fadenii Poes E p ip h y llo u s in  w e t m o n tan e  forest. K E N : C astle  F . S t., 
1960 m  (6604/A); d e t. P . A few  k m  below  th e  ty p e  locality , see P ó cs  1975: 356.
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110. Cololejeunea harrisii P ócs — E p iphy llous in  m o n ta n e  fo re s ts . U L U : M were v. 1500 — 
1600 m  (6176/K); L u p an g a  S 1900 — 2000 m (6287 /A K ); d e t. P . EA  m o n tan e  species, 
s in ce  i ts  pub lication  (P ó c s  1975 : 357) De Sloover h a s  co llec ted  i t  also in  R w a n d a  and  
in  B u ru n d i, betw een 1400 a n d  2250 m  (Va nd en  B e r g h e n  1977: 242 — 244).

111. Cololejeunea leloutrei (E . W . Jo n e s)  Schust. — S u b m o n ta n e  a n d  m on tane  fo res ts , ph .
U L U : B ondw a top 2100 m  (6 2 3 3 /A N ); *W US: M azu m b ai U .F .R . 1600 1750 m  (6371/A w );
d e t.  P . T ropical A frican , E A B  I.

112. Cololejeunea raalanjae S te p h . S y n .:  C. grossidens S te p h . A s V a n d e n  B erg h en  e s tab lish ed  
(1978 : 452); C. m alanjae  is th e  ea rlie r synonym . E p ip h y llo u s  in  m on tane  fo rests. * K IL : 
U m b w e  R oute  (6931/B); U L U : K ino le  sawmill 1100 m  (6874 /A L ); Mwere v. 1500 — 1600 m 
(6176 /A B ); Bondwa N W  a n d  to p  1 9 0 0 -2 1 0 0  m (6 0 5 1 /A H , 6233/A G ); det. P . W id esp read  
in  S E  trop ical Africa E A B  I.

113. Cololejeunea minutissima (S m .) Schiffn. ssp. utriculifera V a n d . Bergli. E p ip h y llo u s  in  
m o n ta n e  forest. *K IL : U m b w e  R o u te  2450 m (6931/D ); d e t.  P . T he species is a n  oceanic 
su b cosm opo lite , while th e  ssp . utriculifera  seems to  b e  re s tr ic te d  to  th e  m o n ta n e  fo res t 
b e l t  o f  E a s t Africa. Va n d e n  B e r g h e n  (1961: 58) su p p o sed  th e  id e n tity  of th is subspecies 
w ith  Cololejeunea d issita  E . W . Jo n es. By th e  k in d n ess  o f  th e  la t te r  a u th o r I  w as able 
to  s tu d y  th e  type an d  o th e r  sp ec im en s of C. dissita. A l th o u g h t C. dissita  m ig h t fa ll w ith in  
th e  v a r ia b ility  of th e  re a l ly  p o ly m o rp h ic  C. m in u tis s im a ,  i t  is n o t th e  sam e as th e  ssp. 
u tricu life ra  and  th ey  c a n n o t b e  synonym ized.

114. Cololejeunea mocambiquensis S. A rn . — S u b m o n tan e  a n d  m o n tan e  ra in  fo res ts , ep i­
p h y llo u s  usually  on f i lm y  fe rn s  o r on  mosses. *E U S : A m a n i 1000 m  (6088/Z); *U L U : 
B o n d w a  N  1450 m (6186 /H ); * S H L : M ufindi, n ear K ilim a  T ea  F a c to ry , 1900 m  (6321/D ); 
d e t.  G an d  P. EA , SA a n d  L e m u ria n  species. Cololejeunea p a rva  V anden  B erg h en  1977 
239 +  f. 17 seems to m e v e ry  c losely  related  or co nspecific  w ith  th e  above.

115. Cololejeunea occidentalis (E . W . Jo n es) V anden B e rg h en  S y n .:  C. cristata (S teph .) S ch u ste r 
v a r .  occidentalis E. W . J o n e s  — E piphyllous in  s u b m o n ta n e  ra in  forest. *U L U : K inole  
saw m ill, 1100 m (6874/AM ); T ro p ic a l African, E A B  I.

116. Cololejeunea punctata (E . W . Jo n e s)  Schuster — S u b m o n ta n e  ra in  forest, p h . *U L U : 
L u p a n g a  NW  1350 — 1500 m  (6066/T A ); det. G. E a s t  A fr ic a n , E A B  I.

117. Cololejeunea pusilla S te p h . — S u b m o n tan e  and  m o n ta n e  fo res ts , ph. U L U : K inole  saw ­
m ill 1100 in (6874/AT); M w ere  v . 1500 — 1600 m  (6176/1); B ondw a E  1600 m  (6181/L); 
d e t.  P . T ropical A frican , E A B  I .

118. Cololejeunea usambarica E . W . Jo n e s  — E p iphy llous in  m o n ta n e  forests. * K IL : M w eka
R o u te ,  n ea r M nangue R iv e r  v . 1800 — 1900 in (6212/A , 6 3 4 3 /N ); *W US: M azum bai U .F .R . 
1 6 0 0 -1 7 5 0  m (6371/AS); U L U : Mwere v. 1 5 0 0 -1 6 0 0  m  (6176/N ); Bondwa E  1 6 0 0 -  
1900 m , top  2100 m  (6181/N , 6 2 5 9 /H , 6133/AK); * R U N : M t. R ungw e SW 1950 2050 m
(6 7 6 3 /A E ); det. P . E a s t  A fr ic a n  m o n tan e , see P ó c s  1975: 365 — 371.

119. Cololejeunea zenkerii (S te p h .)  E . W . Jones — E p ip h y llo u s  in  m on tane  fo rest. *U L U : 
M w ere  v. 1500 — 1600 m  (6 1 7 6 /B G ); det. P. T ropical A frica n , E A B  I.

120. Aphanolejeunea capensis (S. A rn e ll)  S. Arnell S yn .: Cololejeunea capensis S. A rnell •— 
E p ip h y llo u s , also on b ry o p h y te s  o r on fern p ro th a llia , in  m o n ta n e  forests. *N G U : n ear 
M n em b u le  village, 1400 m  (6437/11); ULU: M were v. 1500 — 1600 m (6176/Z); L u p an g a  
S 1900 — 2000 m (6287/A N ); B o n d w a  top 2100 m  (6233/S); d e t. P . SA and  E A  m o n ta n e , 
P ó c s  1975: 36, EAB I I .

Pleuroziaceae

121. P le u ro z ia  g igantea (W eh .) S. L in d b . — R am icolous in  e lfin  w oodland. U L U : M t. 
K ifu ru  N  of B unduki, 2010 m  (6915/A ); det. P . P a la e o tro p ic  species, EA B  I , m a p  2 in 
P ó c s  1977: 96.
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Foesombroniaceae

122. Fossonibronia husnotii Corb. On ro a d cu t surface in  seco n d ary  g rasslan d . *U LU : Above 
M orningside, 1450 m  (6004/S); d e t. P . M ed ite rran ean  E u ro p e  a n d  N A frica, tropical 
A frica: Zaire, S h aba; T an z an ia , N gorongoro.

Aneuraceae

123. Riccardia fastigiata (L ehm , e t L indenb .) S. A rnell M on tane  fo rest. * R H O : M elsetter 
D istr., C him anim ani M ts. (c. P h ip p s  B31 p .p .); de t. P . W id esp read  in  tro p ical an d  in 
S o u th  A frica, EA B  I.

124. Riccardia holstii (S tep h .)  E . W. Jo n es In  B ryu m  capillare  cush ions on ground  of
Senecio m oorland . * K IL : n ear H orom bo H u t, 3700 3800 m  (6 2 4 8 /H B ); det. P. E ast
A frican alti m on tane  species, E A B  I.

Metzgeriaceae

M etzgeria agnew ii K u w ah . — A g reat p a r t  o f  m y  reco rd s pub lished  in 
E A B  I, u n d e r N o. 162, as M . violacea, re fers to  th is  species, w hich 
seem s to  he w idesp read  in  th e  m o n tan e  fo rest b e lt o f E a s t  A frica  (see also 
E A B  Tl): *K A S: E  1400— 1600 m (c. F a d e n  s .n .); * K IL : M w eka R ou te  
2500 m (6717/F); N W  end  o f S h ira  P la te a u , ab o v e  W asen d o  G lade 2600— 
2700 m  (6354/D , 6355/B ); * K IB : S um m it a t  2000 m  (6569/M ); d e t. P.

125. Metzgeria consanguinea Schiffn . T he re st o f M . violacea reco rds in  EA B  I un d er 
No. 162 is to  be re fe rred  here accord ing  to  the  view  o f K u w ah a ra  (in  l i t t .) .  In  add ition , 
th e  follow ing specim ens w ere id en tified , as M . consanguinea: * K IL : U m bw e R ou te  2450 m  
(6931/G); U L U : M were v . 1500- 1600 m  (6176/AO); B ondw a to p  2100 m  (6233/W ); det. P. 
T he species is ram ico lous o r ep iphy llous, on M t. K en y a  lives on  b am b o o  stem s in  m on tane  
forests. P a laeo tro p ica l, from  E a s t a n d  S o u th  A frica to  N ew  G uinea.

126. Metzgeria leptoiieura S p ruce  S yn .: M . hamata  auc t. non  L in d b . In  m o n ta n e  forests. R H O : 
In y an g a  M ts. E  1800 m  (c. H e n k e l  2627 p .p .)’ d e t. P* O ceanic subcosm opo lite , EA B  I.

127. Metzgeria limbato-setosa S tep h . — E p ip h y te  in  m o n ta n e  fo rests. U L U : L u p an g e  S 1900 - 
2000 m (6287/AD); MOZ: M anica e Sofala D istr., W  face of G orongosa M ts. (c. Leach  
an d  Ca nn ell  14285A p .p .) ; d e t. P . E A  m o n tan e , E A B  I , I I .

128. Metzgeria thoméensis S tep h . E p iphy llous in  su b m o n tan e  a n d  in  m o n tan e  forests. 
U L U : K inole saw m ill, 1100 m  (6874/AZ); Mwere v. 1500 —1600 m  (6176/M ); B ondw a E  
1600 m  (6181/M ); B ondw a to p  2100 m  (6233/A J); d e t. P . T ro p ica l A frican , E A B  I.

Pallaviciniaceae

129. Symphyogyiia harveyana T ay l. On w et rocks a n d  on s tre a m b a n k s  *M UL: L. R uo 
P la te a u , 1920 m (c. N ew m a n  a n d  W hitm ore  360/A); *R H O : In y a n g a  D is tr ., W slopes of 
In y a n g an i M ts. 2250 m  (c. R u siiw o r t h  927); EA  m o n ta n e , SA, E A B  I.

130. Sym phyogyiia leh iiia iin ian a  M ont, e t  Nees On w et rocks, r iv e rb a n k s  a n d  in irrig a tio n  
furrow s. * R IIO : M elsetter D is tr ., C him anim ani M ts. n e a r H a ro n i r. W  o f “ S tonehenge” , 
1230 m  (c. P h ip p s  B 2); B ik ita  D is tr ., T urgw e r. 2 m iles below  O berere School, 1530 m 
(c. P o pe  80 p .p ., 81/C); M else tte r D istr., K asip iti, 1275 m  (c. L o h e r id g e  1256); de t. P, 
SE  Africa from  Cape up  to  S haba  a n d  Z am bia.
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131. Symphyogyna podophylla (T h u n b .)  N ees e t M ont. On w et rocks a n d  in  m u d d y  stream - 
b a n k s  o f th e  m ontane fo res t b e lt .  B Y S: 3000 m (c. D ’A r c y  7966/A, 7983); R H O : Mel- 
s e t te r  D is tr ., B undi on S slopes o f  M t. P eza, 1750 m  (c. M i t c h e l l  520/A ); M else tte r D istr., 
K a s p i t i ,  1275 m (c. L o v e r i d g e  1247 p .p ., 1249 p .p .); C h im an im an i M ts. (c. P i i i p p s  B30); 
d e t.  P . W idespread in  tro p ic a l A frica , T ris ta n  da C unha, a n d  in  S o u th  A m erica , E A B  I.

132. Symphyogyna volkensii S tep h . O n a m ud  p a tch  in  a d a rk  crevice. R U W : K am songe  v .,
M u te in d a  rock shelter, 3900 m  (c. L o v e r id g e  300/A); d e t. P . A froa lp ine : R uw enzori, 
K a h u z i ,  K ilim anjaro , b e tw een  2500 3500 m a lt.

Targioniaceae

133. Cyathodium africanum M itt. O n w e t, sh ad y  lim estone a n d  o th e r  rocks o r on  soil of
lo w la n d  an d  subm ontane  fo re s ts . *E U S : Chem ka, 550 — 600 m  (6382/A ); * R H O : W ankie 
D is t r . ,  m o ist banks of Z am bezi R iv e r  betw . M atetsi a n d  D ek a, 600 in (c. W i l d  6084); 
G O L : below Sanje falls n e a r S o n jo , 300 m  (6144/K). T he follow ing d a ta  re fe r  to  sterile  
C ya thod ium  p lants, w ith  a p ro b a b il i ty  being  C. a frica n u m : *Z: 13 k m  E  of L u sak a , 1300 m 
(6609/M ); U LU : G am baula  F . R . 300 m (6421/A); GOL: K ilom bero  Scarp  F . R. above 
K id a tu ,  600 800 in (6143/K ); d e t.  P . P an tro p ica l species, E A B  I.

Lunulariaceae

134. Lunularia cruciata (L .) D u m . O n sh ad y  roadside b a n k s , ro a d c u t  surfaces. *U LU : 
C h en zem a  Mission, 1700 m  (68 1 2 /L ); *R U N : M t. R ungw e N 2300 (6334 /J); d e t. J  and  P. 
O cea n ic  subcosm opolite, u n c o m m o n  in  trop ical Africa.

Marchantiaceae

135. Marchantia parviloba S tep h . — O n riv erb ed  rocks, s tone  w alls, e tc . * R H O : M elsetter 
D is t r . ,  H aron i R iver bed , 330 m  (c. K e l l y  164); Gokwe D is tr ., Sengw a R iv e r v. near 
C h a ra m a  PI. (c. S im o n  352); M e lse tte r  D istr., C him an im an i M ts., gu lly  b e h in d  m o u n ta in  
h u t ,  1650 m (c. M i t c h e l l  882); d e t.  P . T ropical A frican , E A B  II .

136. Marchantia wilmsii S teph . O n  w et ground and  rocks, r iv e rb a n k s . R H O : Salisbury  
D is t r . ,  M azoe Citrus E s ta te  (c. E y l e s  4852); B ik ita  D istr., T urgw e R . 2 k m  below  Cherere 
S ch o o l, 1530 m (c. P o p e  81 /A ); M azoe D istr., C hriston  B an k , M azoe h e ad w a te rs  (c. 
L o h e r i d g e  1209); Gokwe D is tr . ,  Sengw a R . off S bo rder o f C h aram a  PL , 1220 m  (c. S im o n  
3 24); d e t. P . W idespread in  tro p ic a l  A frica from  Guinea to  N a ta l.

137. Dumortiera hirsuta (Sw.) N ees — O n w et, shady  rocks, g rav e l a n d  soil of m o n ta n e  forests.
S o m e  o f th e  specim ens a p p ro a c h  th e  va r. nepalensis (T ay l.) F ry e  e t  C lark  in  m any  
a sp e c ts . *K E N : Castle F . S t. 1960 2000 m (6603/AD); *U L U : B ondw a N  1400 2030
m  (c. H a r r is  448, P  6184/C, 6 1 2 0 /K ); M were v. 1500 - 1600 m  (6175/C, 6256/G , 6533/H ); 
K in a z i  N W  1630 m (6289/K ); * S H L : M ufindi, L upeine T ea E s ta te ,  1750 m  (6318/S); 
* R U N : M t. Rungwe SW  17 0 0 - 1800 m  (6761/C); *M U L: L. R uo  P la te a u , 1800 m  (c. 
N e w m a n  and  W h it m o r e  484); *M OZ: M anica e Sofala D is tr ., G aruso  M t. 1650 m (c^ 
W i l d  7675); det. P. O ceanic su b co sm o p o lite , w idespread in tro p ic a l a n d  in  S o u th  Africa.

Exormothecaceae

138. Exormotheca pustulosa M itt. — O n  h u m u s covered g ra n itic  rocks in  x e ro p liy tic  Vellozia- 
ceae b u sh , on the  soil o f m io m b o  a n d  o th er ty p e  w ood land  — u su a lly  a t  p laces oidy 
te m p o ra r i ly  w et during  th e  r a in y  season. *K: M achakos 1800 m (coll. W . D. F o s t e r *
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c o m m u n ica tio n  b y  E. W. J o n e s ) ;  *U LU : E  fo o th ill o f Mt. M indu called K a sa n g a , 630 m 
(6542/L ); M t. L u panga  N W  1200 m (6122 /E ); K itu lan g h a lo  F. R . E N E  o f M orogoro, 
n e a r  M ikese village, 450 m (6559/Л Л ); d e t. P . M ed ite rran ean  E urope, M exico , A tlan tic  
is lan d s , in  A frica: C had, A ngola, E rith re a , T ra n s v a a l, Cape, Comores a n d  R e u n io n , see 
m ap  in BlSCHLER 1976: 770.

R icciaceae

139. R icciocarpos n a tan s (L .) Corda F lo a tin g  w ith  c u rre n t on river su rface . Z: K afue 
D is tr ic t, K afue  t r ib u ta ry  (c. E y l e s  3193); d e t. P . Cosm opolite, in tro p ical A frica  m ostly  
in  th e  big r iv e r system s an d  in  th e  g rea t lakes.

140. R icc ia  flu itan s L. s.l. In  springs, s tre am b ed s , o ften  underw ater. R H O : M azoe D istr., 
C h riston  B an k , M azoe H e d w a te rs  (c. L o v e r i d g e  1217); M arandelles D is tr . ,  R u zain , 
1600 m (c. E y l e s  3885); de t. P . C osm opolite a n d  w idespread  in tro p ica l A frica  see 
re m a rk s  in  E A B  IV.

141. R iccia  n ig ro sq u a in a ta  E. W. Jo n es  Syn .: R . berriei E . W. Jones — On h u m u s  covered  
ro ad sid e  rocks. *U ZU : K ito n g a  gorge n ea r K o k o to , 1000 m (6316/A, J o n e s  2 2 5 2 ) ;  d e t. J . 
T rop ical A frican : Sierra Leone, N igeria, Z a ire? , D a r  es Salaam  in  T an zan ia .

A n thocero taceae

142. Phaeoceros laevis (L .) P rosk . ssp. caro lin ian u s (M ichx .) Prosk . On m o is t s tre a m b a n k s . 
M U L: L. R u o  P la te a u , 1800 m  (c. N e w m a n  a n d  W h it m o r e  484); R IIO : B ik ita  D istr., 
T urgw e R . 2 miles below Cherere School, 1530 m  (c. P o p e  80 p .p .); In y a n g a  D is tr . ,  near 
p a th  to  su m m it o f In y a n g an i M t. 2200 m (c. R u s h w o r t h  914); de t. P . C osm opolite , 
w idesp read  in  tro p ical Africa.

M USC!

Fissiden taceae

143. F issidens a lgarv icus Solm s. T erricolous, a t  re la tiv e ly  d ry  places. *W U S: M azum bai 
U .F .R . 1500 m (6370/BA , B B ); *U LU : V alley  b e h in d  Morogoro TTC, 1000 m  (6046/U ); 
n e a r M orningside, 1250 (6004/F  p .p ., 6203/L  p .p .) ;  M zinga v. 1400 in (6 2 6 6 /J); C henzem a 
M ission 1700 m  6812/D p .p ., E , O; det. B. A tla n tic  a n d  M editerranean E u ro p e  a n d  N orth  
A frica  new  for trop ical A frica.

144. F issidens am biguus B izot! T erricolous a n d  so m etim es on barks in  su b m o n ta n e  and
m o n ta n e  forests. *E U S: A m ani, H unga  v ., 880 m (6514/E ); *ULU: M zinga v . 1400 m 
(6266/G , 6290/AA p .p .); *U K A : N ear M andege F . S t. 1500 1600 m (c. M a b b e r l e y  1348,
P  6586/A); de t. B . K now n only  from  th e  ty p e  lo ca lity  in  W US. B iz o t  d esc rib e d  m any  
new  species from  th e  E a s t A frican  collections o f  P ó c s  an d  his co-w orkers in  th e  Rev. 
B ryo l. e t L ichénol. 40: 101 138 (1974), b u t  he  fa iled  to ind icate  the  e x a c t lo ca tio n  of
h o lo ty p e  specim ens. T herefore  th e  In d e x  M u sco ru in  Supplem entu in : 1974 1975 by
C r o s b y  (T axon  26: 285 — 307, 1977) could n o t a cc ep t th e ir  pub lica tion , a s  v a lid . These 
n am es declared  to be in valid  were v a lid a te d  b y  PÓCS (F ob  H ist. n a t. M us. M a tren s is  4: 
15 36, 1977). The nam es v a lid a ted  th a t  w ay  a n d  occu rrin g  in  our e n u m e ra tio n  a re  m arked
b y  “ !”  a f te r  B iz o t ’s nam e.

145. F issidens androgyiius B ruch  C orticolous, se ldom  rup ico lous in m on tane  fo re s ts . * K E N : 
n e a r Castle F . S t. 1 9 6 0 -2 0 2 0  m  (6602/A, B, 6 605 /B ); *M ER : E  2650 in (6522/A ); *U L U : 
B o n d w a N E  1600 m  (6577/B); T egetero  M ission 975 m (6424/K , R); * K IP : K itu lo  P la te a u
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ed g e  n e a r  K igom a v illag e , 2575 — 2685 m  (6511/C, D , 6750/N , O, AN); de t. B. K n o w n  
fro m  Z am bezi to  Cape.

146. Fissidens angolensis W elw . e t  D ub . — T erricolous a n d  on  Cyathea b a rk  in  su b m o n ta n e  
a n d  m o n ta n e  forests. * K IL : M w eka, Mawingo E s ta te ,  1350 m  (6349/AE); *W U S: M azum - 
b a i U .F .R . 1750—1880 m  (6372/CA); det. B. T ro p ica l A frica n , EA B II.

147. Fissidens asplenioides H e d w . — On shady  rocks a n d  o n  soil o f subm ontane  a n d  m o n ta n e
fo re s ts , som etim es in  th e  E ricaceo u s belt. M E R : K ito to  2450 — 2650 m  (6340/A E ); N je k u  
go rge  2650 m (6521/D ); K IL :  K ikafu  gorge n e a r K y e re , 1500 m (6347/K, L ); M aw ingo 
E s ta te  n ea r M w eka, 1350 m  (6349/AD); K in u k a m a ri fa lls  n ea r M arangu, 1500 m  (6237/ 
A , D ); Charongo v . n e a r  M w eka Base H u t, 2985 m  (6719/C ); W US: M azum bai U .F .R . 
1500 m  (6370/B J); U L U : W ate rfa ll above M o rn ingside , 1500 m (6053/A); M orn ingside  
1250 m  (6004/J); B o n d w a  1 4 0 0 -1 8 0 0  m (6050/AM , 6007/G , H , J ,  K , 6006/G, 6055/C ); 
M zu azi v . N N E  of K in o le , 845 m  (6882/H); M zinga F a lls , 1150 m (6265/K ); M sanga F a lls  
a b o v e  M zinga v illage (6 1 1 0 /K ); M were v. 1500 1600 m  (6157/A , 6158/D, 6220/B , 6257/B ,
6 8 5 3 /H ); M geta v. in  b a m b o o  forest, 2215 m (6 8 2 9 /P ); L ukw angule P la te a u  2400 m : 
(6078/C ); K A N : 1200 1300 m  (6138/K ); U K A : M an d eg e  F . St. 1200 m  (6744/,A ); S H L
M u fin d i 1900 m (c. P a g e t - W i l k e s  765); P O R : N gozi L ak e  c ra te r rim  E  2000 2250 m
6 3 2 9 /B J , 6330/T, 6331 /K , L ); R U N : E  of R ungw e v illa g e , 1500 m (6768/A); M t. R un g w e 
E  c ra te r  rim  2500 2600 m  (6504/K ); P a n tro p ic a l spec ies, very  w idespread in  tro p ic a l
A frica .

148. Fissidens atroviridis B esch . A nn . Sc. N at. B ot. ser. 7, 2: 86 (1885)
S yn . nov.: F issid en s cellulosus M itt., J . L inn . Soc. B o t. 22: 319 (1886)

O n  ir r ig a te d  rocks, t r a v e r t in o  b a n k s , ro ttin g  w ood o r on soil. *EUS: N ear C hem ka v illage, 
550 — 600 in (6382/D , E , F ); *U LU : K im boza F .R . 300 m  (6188/AG); V alley  b eh in d  
M orogoro  TTC, 700 m  (c. P  s .n .); M orningside 1420 m  (6414/H , K ); USG: G re a t R u a h a  
R iv e r  gorge SW  of M ik u m i, 480 m (6314/F); *Z: 13 k m  E  of L usaka, 1300 m (6609/G , 
B  p .p .) ;  det. B. P a la e o tro p ic  species, from  E a s t A frica  to  trop ical Asia an d  N ew  G uinea.

149. Fissidens bonnotii B izo t S y n .: F issidens subelim batus P . Y ardé  var. crispus P . V a rd e  (cf. 
B i z o t  R ev. B ryol. L ich en . 42: 852, 1976) — L o w lan d  a n d  subm ontane  fo res t spec ies, c t, 
te ,  ru .  *SPA: W N W  o f K is iw an i village, E  slope o f M t. K w izu, 1000 m (6716/H ); F o o t­
h ills  o f E U S : Tongw e h ill SSW  of M uheza, 400 m  (6 5 1 7 /F ); *NG U: N ear M honda M ission, 
500 — 1100 m (6396/E , 6434/A ); *U LU : Valley b e h in d  M orogoro TTC, 700 m  (6 7 3 7 /J); 
L u p a n g a  W N W  ab ove  K ib w e  v illage, 1200 m (6546/C ); M an g a la  F .R . 400 — 500 m  (6415/B ); 
W  o f  T aw a  village n e a r  K ib o g w a  700 m (6417/A); n e a r  K in o le  sawm ill 800 —9 5 0 m  (6171/B ); 
* U S G : W est K ilom bero  S ca rp  F .R . near K id a tu  600 — 700 m  (6143/J:) det. B . P re v io u sly  
k n o w n  on ly  from  th e  ty p e  lo ca lity  in  Gabon: M ocand i.

150. Fissidens borgenii H a m p . v a r . obtusifolius B ro th , e t  D ix . On shady  rocks in  lo w lan d  
a n d  in  su b m o n tan e  fo re s ts . *U L U : K im boza F .R . 300 m  (6188/AC) *SPA: M t. K w izu  E , 
a b o v e  K isiw ani, 900 m  (6716/L ); det. B. P re v io u s ly  k n o w n  only f;om  N a ta l.

151. Fissidens simii Schelpe in  M a g i l l  and  S c h e l p e  1979: 5. S yn .: F. aristatus S im  1926 non 
B ro th .  1916. — T errico lo u s, on  roadside bank . * U L U : C henzem a Mission, 1700 m  (8612/ 
D A ); d e t. B. P rev io u sly  k n o w n  only from  N ata l.

152. Fissidens breutelii S ch im p . — On the  ground o f Erica-IIagenia-Senecio  fo res t. * K  IL  
A b o v e  M andara  H u t ,  2800 m  (6245/G); det. B. P re v io u s ly  know n only from  Cape.

153. Fissidens bukobensis B ro th . — Subm ontane ra in  fo re s ts , ru , te. *U LU : N e a r K ino le  
saw m ill, 900 m (6 1 89 /F ); M anga E  1200 m (6225/B ); L u p an g a  SW above K ilek a  v illage  
1 4 5 0 -  1750 m (6831/A ); B ondw a N 1650 m  (6 8 9 8 /B ); d e t. B. K now n from  T a n z a n ia , 
B u k ó b a  and  from  U g a n d a .

154. Fissidens calabariae C. M üll. — Terricolous in  m o n ta n e  fo res t. *ULU: M were v .,  1600 m 
(6257 /D ); det. B. N ew  fo r E a s t  Africa, know n o n ly  fro m  Guinea, N igeria a n d  G abon .
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155. Fissidens com orensis C. M üll. On rocks an d  on b a rk  in su b m o n ta n e  a n d  m o n tan e
forests. * K IL : M awingo E s ta te  b e a r M w eka, 1350 m  (6349/A B, AC); *N G U : n e a r  M honda 
M ission, 800 1000 m  (6400/C); *U L U : Mt. K inazi W N W  1400 1650 m  (6289/R );
M w ere V. 1500 1600 m  (6257/A ); M aunga v. above M zinga v illage, 1500 m  (6263/A);
d e t. B . T ropical A frican species know n from  N igeria, M adagascar a n d  fro m  th e  M asca- 
renes.

156. F issidens crassipes B. S. G. v a r. ph ilibcrti Besch. Syn.: F. dubiosus D ix ., F . w arnstorfii 
F le isch . On irrig a ted  rocks a n d  on hanging  aerial roo ts in  a sm all w a te rfa ll a t  th e  N, 
side o f G rea t R u ah a  R iv er gorge (“ S tieg ler’s gorge” ), SW  of M ikum i, 480 m  (6314/B , C 
D , E ); de t. B. E urope, th e  M iddle E a s t,  N o rth , tro p ical a n d  S o u th  A frica , uncom m on.

157. Fissidens e ra teris  Dix. T errico lous, som etim es corticolous o r ru p ico lo u s in  m o n tan e
fo res ts , fo rest edges, road sid es , tea  p la n ta tio n s  on even in  g a rdens. *W U S: M azum bai 
U .F .R . 1500 m (6370/B F p .p .) ; *M E R : K ito to  2450 2650 m  (6340/AC, A D , A F ); M alania
fo res t 1800 m (6338/AA); * U L U : M aunga v. above M zinga, 1500 m  (6263/B ); M orningside 
1350 m  (6267/A); M geta C henzem a ro ad , 1340 1550 m  (6391/C, 6392/B  p .p .) ; Chen-
zem a Mission 1700 m (6812/D C ); L ukw angu le  P la te a u  E  2350 m  (6828/SA ); *U K A : 
M am iw a W est F . R. S 1870 m (6862/B ); M t. Ik w am h a  1720 1850 m  (6 865 /P , Z); 1 km
SW  of M andege F. S t. 1520 m  (6869/C, D ); *SH L: M ufindi E sc a rp m en t, n e a r  K iliina Tea 
F a c to ry , 1900 m (6321 /0 ); n ear th e  F ish ing  C am p, 1730 in (6322/P); M heya to w n sh ip , in 
th e  g a rden  of M heya ho te l, 1650 m  (6325/E , F ); *PO R : Ngozi c ra te r  E  2100 2250 in
(6329/B L, 6330/U, V); * R U N : M t. R ungw e N , 2300 m (6334/A F); d e t. B. E A  m ontane  
species, know n from  E  Z aire, U g an d a  a n d  K en y a , a t  a lt. 1400 3500 m.

158. F issidens cryptoiieuroii P . V arde C orticolous in w et riverine  fo rest. *Z : V ic to ria  Falls, 
P a lm  G rove, 800 m (6614/A ); d e t. B. T rop ical A frican , new for c o n tin e n ta l E a s t A frica.

159. F issidens d artny i Sclipr. L ow land  a n d  su b m o n tan e  w oodland, d ry  a n d  w e t fo res t, on 
soil, rocks a n d  on Cyathea s tem . T: P u g u  hills n ear K isaraw e, 250 m  (6038/A ); *U LU : 
M orogom , A gricu ltu ra l F a c u lty  C am pus, 600 m (6001/A); M were v. 1500 m  (6220/A); 
de t. B. T ropical A frican species, new  to  co n tin en ta l E as t Africa.

160. Fissidens d iap lianodonta  (P . V arde) B izo t nov. com b.
B asionym : M oenkem eyera diaphanodonta  P . V arde, R ev . B ry o l. L ichen. 

20: 4 (1951). C orticolous in  su b m o n tan e  ra in  fo rest. *E U S : A m an i, 800— 
870 m  (6293/B, 6378/w ); d e t. В. New for E a s t A frica, p rev io u sly  know n 
on ly  from  th e  ty p e  lo ca lity : B ukoko  in  th e  R epub lic  o f C en tra l A frica.

161. F issidens enervis Sim, T ran s . R . Soc. S. Afr. 15: 187 (1926).
Syn. nov .: F issidens m olliculus  P . V arde, R ev. B ryol. L ichénol. 7: 227, Fig. 1A — C
(1935).

On s to n y  ro a d cu t surface. *U L U : S o f M geta village, along th e  C henzem a ro a d , 1340 — 
1550 m (6391/D , 6392/B p .p .) ; d e t. B. R ep u b lic  o f C entra l Africa a n d  N a ta l,  new for E ast 
A frica.

161/A Fissidens enervis Sim  ssp . hedbergii (P . V arde) B izo t nov. com b.
B asionym : F issidens hedbergii P . V arde, A rk. B o t., Ser. 2, 3: 129 (1955). 

F issidens hedbergii is connected  b y  in te rm ed ia te  form s w ith  F . enervis and  
seem s to  he only a subspecies o f  th e  la t te r ,  iso la ted  in  th e  m o n ta n e  fo rest 
b e lt o f E a s t A frica, p rev io u sly  know n from  M t. K ilim an ja ro . — T erricolous 
in m o n tan e  forests. *W U S: M azum bai U .F .R . 1500— 1800 m (6370/BC,
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6372/C D ); *U L U : M w ere v . 1600 ш (6257/C); M zinga v . 1400 m (6266/H ); 
B o n d w a  NW  1500 m  (630 3 /F ); K ikodoilo above B u n d u k i, 1600 m (6463/M ); 
P a la ta  1850 m (6852/C); M orningside 1420 m (6414/F , G); C henzem a M is­
s ion  1700 m (6812/D ); L u kw angu la  P la te a u  E  2 2 5 0 —2350 m (6828/S); 
*U K A : Mt. Ik w a m b a  N W  1700—1875 m (6865 /X ); M andege SW  1520 ni 
(6869 /F B ); *SH L: M u fin d i, lake  shore 1800 m (6 3 2 4 /J); *P O R : L ake Ngozi 
c r a te r  E 2100 m (6330/Z ); *R U N : Mt. R ungw e SW  1800 ni (6777/A E, A F); 
*Z: 13 km E of L u sa k a , 1300 m (6609/B); d e t. B .

162. Fissidens fontanus (P y l.)  S te u d . Syn. Octodiceras ju l ia n u m  (Sav i) B rid. Z: V ictoria 
F a lls ,  Palm  Grove, 800 m , on  irrig a ted  stones in  a s tre a m le t (6614/E); det. B. Sub­
cosm opo lite , rare in tro p ics .

163. Fissidens gibbonii B izo t! T errico lous, rupicolous, so m etim es on ro ttin g  wood or on
C y a th e a  stem  in su b m o n ta n e  o r in  m on tane  fo rests, v e ry  se ldom  below  1000 m. *K IL : 
B elow  M acham e H o sp ita l, 1500 m (6361/B, D); b e tw een  M aran g u  a n d  Old Moshi, 1700 m 
(6368/A B , AC, AD, A E , A F ), M w eka R oute  2150 m  (6342/A F , AG, A H , 6344/BC); U m bw e 
R o u te  1700 — 1900 m  (6351/A G , A H ); M arangu R o u te  2700 m  (6243/N , 6244/D); *W US: 
M azu m b ai U .F .R . 1500 1880 m  (6370/BE, B F , B K , BM , 6372/CC, 6374/В Л, B E );
b e tw ee n  M agam ba a n d  M ab w en i, 1850 m (6205/A p .p .) ;  U L U : N , N E , E  slopes 1650 — 
2000 m  (6387/0, 6573/G, 6848/G , H ); above S im bin i v illage, 1400 —1500 m  (6418/T, A H ); 
N W  gorge of K inazi 1400 1650 m  (6289/K, P): K in az i p eak  N 1950 m  (6838/D , E );
M zinga v. 1400 m (6266/K ); L u p an g a  NW , SW  1500 — 1900 m  (6286/R  p .p ., 6284/U); Mt. 
K ifu ru  E  1580 m (6905/K ): * U K A : M andege F. S t. U p o n e la  ro ad  1600 m  (c. M a b b e r l e y  
1358/A ); Mamiwa E a s t  p e a k  2200 m  (c. M a b b e r l e y  1392); *U SG : Gologolo M ts., M wani- 
h a n a  F .R . near Sonjo, 300 m  6144/R : det. B. E a s t A frican  m o n tan e  species.

164. Fissidens gladiolus M itt. S y n .: N anobryum  gladiolum  (M itt.)  Biz. Terricolous in  d ry  
ev erg reen  su bm ontane  fo res t. K itu lan g h a lo  F .R . E N E  o f M orogom , SE  770 in 6856/w; 
d e t.  B. Tropical A frican , k n o w n  from  Nigeria to  U g an d a .

165. Fissidens gomae P. V arde  e t  L e ro y  — From  low land  fo res ts  to  a ltim o n ta n e  bam boo s tan d s,
o n  trav e rtin o , soil a n d  on  b a rk .  NGO: O ldonyo O ld ean i N N W  2700 -3 0 0 0  m 6921/B; 
* U L U : K im boza F .R . 280 m  (6024/B ); *U K A : 1 k m  SW  of M andege F. S t., 1500 m 
(6868/B ); det. B. K now n fro m  E a s t  A frican volcances b e tw ee n  1000 2500 m.

166. Fissidens haakonii B ro th , e t  B ry lin . On rocks o r on soil o f fo rests an d  of re la tiv e ly  d ry  
w o od lands. P ande F .R . 15 m iles W N W  of D ar es S a laam , 150 m  (6161/A); *U L U : K im ­
b o za  F .R . 300 m  (6 1 88 /A F ); M orogoro, A g ricu ltu ra l F a c u lty  C am pus, 630 m (6001/B); 
T eg e te ro  Mission 975 m  (6 4 2 4 /X ); K inole saw m ill 9 0 0 —950 m  (6172/E); above S im bini 
v illag e  1400 — 1500 m (6418 /T ); M t. K inazi gorge 1400 — 1650 m  (6289/N ); L u panga  SW 
1700 — 1900 m (6285/S p .p .) ;  d e t.  B. SE  African: R h o d esia , Z u lu land .

167. Fissidens helictocaulos C. M üll. On re la tive ly  d ry  ro ck s, som etim es on  brick  walls,
c o n c re t pillars or on soil in  fo res ts  or in ro ck y  gorges a n d  o th e r  open places. * K IL : 
M aran g u , K ibo H otel g a rd e n  1450 m  (6207/B, D); K ik a fu  gorge n e a r K ibohehe an d  near 
K a la li ,  1000 1250 m (6362/C , 6348/B ); *EUS: A m ani 900 m  (6095/C); *U L U : M orningside
1250 m  (6005/S, w); *U Z U : K ito n g a  gorge, 980 m (6316/w , R , S)- *PO R : L ake Ngozi 
c r a te r  rim  2200 m (6 3 2 9 /B P ); *Z: 13 km  E of L u sak a , 1300 m  (6609/A , C, D, F , H ); 135 
k m  E  of Lusaka b e tw een  U n d a -U n d a  and R ufunza, 1300 m  (c. K o r n a s  B - l l /B ) ;  de t. B. 
K n o w n  from  E ry th re a  a n d  fro m  R hodesia.

168. Fissidens holstii B ro th . O n  rocks and on the  soil o f su b m o n tan e  or m on tane  ra in  
fo res ts . W US: M azum bai U .F .R .  1500 m  (6370/B H , B L ); *N G U : K w am an g a , S of M honda
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M ission, 1400 m (6398/C); be tw een  M honda an d  K o m b o la  villages in the  D u ale  v. 600 
1200 m  (6435/E , 6436/F ); M afu lum ula  coll 1650 — 1800 m  (6 4 3 8 /0 , P , w); b a m b o o  forest 
S o f M askat 1850 m  (6442/A ); *U L U : K inole saw m ill 900 — 1000 m (6166/E , 6171/A); 
M were v. 1500 1600 m (6174/B ); *U K A : Mt. K ifigo  1600 1760 m (6591/G ); M andege
F . S t. 1540 m  (6737/H ); elet. B . K now n from  L iberia , G abon  a n d  from  the  U sam b a ra  Mts.

169. Fissidens hoeegii P. V arde - On rocks and  soil of su b m o n tan e -m o n ta n e  fo res ts. * K IL : 
M arangu , K in u k a m a ri falls, 1500 m  (6237/B, E , F , G); *U L U : M orningside , 1240 m 
(6571/A); *U K A : M t. M nyera  N E  1500 m (6864/E); d e t. B. P rev iously  k n o w n  on ly  from  
N a ta l, new fo r E a s t A frica.

170. Fissidens horizonticarpus C. M üll. Low land a n d  su b m o n tan e  forests, ru , te. *U LU : 
M orogoro, va lley  b eh in d  TTC , 1000 m (6046/U, T ); K im b o za  F .R . 300 m  (6216/M ); d e t. B. 
P rev iously  know n on ly  fro m  W est A frica.

171. Fissidens hymenodon B esch. -  L ow land and  su b m o n tan e  w oodland  an d  fo res ts, ru , te, li.
*N G U : near M akuya , 600 m , W  of M honda M ission, 550 — 800 m  (6036/A); *U L U : K itu - 
langhalo  F .R . E N E  of M orogoro, SE  460 730 m (6856/G , T ); M t. K inazi gorge 1400 —
1600 m (6289/P p .p .); d e t. B. K now n only  from  M adagasca r, new for E a s t A frica.

172. Fissidens idanreensis P. V ard e  S ub m o n tan e  fo res ts, ru , e t. E U S : A m ani N W , 900 m 
(6380/11); *U L U : K ik u n d i, 900 m  (6428/B ); *Z: V ictoria  Fa lls , K nife edge, 870 m  (6613/A); 
d e t. B. T rop ical A frican  species, uncom m on.

173. Fissidens jonesii B izo t! E x clu siv e ly  on Cyathea  s tem s (or seldom  ep ip h y llo u s) in
m o n tan e  forests a n d  in  e lfin  w oodlands. *N G U : A bove K w am an g a , 1100 -1400 m 
(6397/C); *W U S: “ K a m b o ”  in M azum bai U .F .R ., 1620 m  (6374/B E ); U L U : B ondw a E, 
N E , a n d  top , 1600 - 2 0 3 0  m  (6181/C E, 6120/B , 6260/A, 6 5 3 7 /J, 6387/N , 6403/A A ); L upanga  
S 1900 2000 m  (6287/A T); M were v. 1550 m (6891 /J); *U K A : M t. Ik w am b a  N 1 8 7 5 -
1920 m  (6866 /0 ); d e t. B. I t  seem s to  be an  endem ic species o f th e  w et m o n tan e  ra in  
fo rests of old c ris ta lline  m assifs in  E as te rn  T anzan ia .

178. Fissidens kegelianus C. M üll. S yn . Musc. 1: 49 (1848).
Syn. nov.: F issidens m onostictus B ro th , e t P . V ard e, Bull. Soc. B ot. F ra n c e  72: 791 
(1925).

T erricolous in  w oodland a n d  re la tiv e ly  d ry  forest a rea s. * K IL : M awingo E s ta te  near 
M w eka, 1350 m (6349/A E ); *U L U : above M orogoro to w n , 750 m (6401/AG p .p .) ; d e t. B. 
K now n in tro p ical A m erica  from  S o u th ern  USA to  N o rth e rn  S o u th  A m erica; in  A frica: 
G abon and  R ep u b lic  o f C en tra l A frica, new for E a s t  A frica.

179. Fissidens latifolius Dix. T errico lous, som etim es on rocks in Brachystegia  a n d  o th e r  dry  
w oodland  types. *U L U : below  M orningside, 1150 m  (6735/B ); * K IB : n ear K ik o m b o  above 
M pw apw a, 1200 1500 m  (6563/N ); *Z: 13 k in  E  of L u sa k a , 1300 m  (6609/E ); 10 km  
E N E  of C hôm a, 1000 m (6618/A , B, C); 125 k m  E  o f L u sak a , be tw een  U n d a -U n d a  and  
R u fu n za , 1100 m (6620/C); d e t. B. SE  A frican, fro m  A b erd are  range  to R hodesia.

180. Fissidens lacouturei T h ér. in  R en. R upicolous in  su b m o n tan e  w oodland . *U L U : 
M orningside, 1300 m  (6429/C); M t. M indu E  600 m (6541/K ); de t. B. New for co n tin e n ta l 
A frica, prev iously  know n o n ly  from  M adagascar.

181. Fissidens leucocinctus H p e O n irrig a ted  b asa ltic  rocks. * K IL : M arangu  R o u te  1900 m 
(6208/N ); de t. B. P rev io u sly  know n on ly  from  C am eroun  a n d  from  the  E a s t  A frican  
Islands.

182. Fissidens leucocaulis C. M üll, ex Biz. — R upicolous in  re la tiv e ly  d ry  lo w lan d  a n d  su b ­
m o n tan e  forests. *Pugu  H ills n e a r K isara  we, 200 m  (6039/A ); *U L U : L u p an g a  N 1000 m 
(6018/G); det. B. P rev io u sly  kno w n  on ly  from  W est A frica.

183. Fissidens longelinihatus B ro th . M ontane forests, ru , c t, te . ’“K E N : C astle F . S t. 2000 in
(6603/A); K IL : M weka R o u te  1800 2100 m (6211/A, 6343/L  p .p ., 6342/A K , A L ); d e t. B.
K now n only from  th e  E a s t  A frican  volcanoes.
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184. Fissidens longidens B izo t! — C orticolous in  su b m o n tan e  ra in  forests. * K IL : M ua falls 
h e a r  M aua village, 1600 m (6368/A A ); E U S: A m an i, H u n g a  valley , 880 m  (6514/C, D); 
*N G U : above M honda M ission, 8 0 0 —1000 in (6400/A ); n ear K om bola  v illage, 900 — 
1200 m  (6436/E); ab o v e  K w am an g a  village, 1400 m  (6398/B ); *U L U : M anga E  1100 m 
(6223/A ); M idhani N N E  of K in o le  v illage, 880 m  (6881/M , L), n ear K ino le  saw m ill, 1100 m 
(6 874 /F ); det. B. E a s t  A frican  m o n ta n e  species.

185. Fissidens mac-owanianus C. M üll. M ontane fo res ts  a n d  roadsides, ru , te . *U L U : Chen- 
zem a Mission 1700 m  (6812 /D D ); *U K A : M t. Ik w a m b a  N W  1700 — 1775 m  (6865/D , E , T); 
d e t.  B . P rev iously  k n o w n  o n ly  fro m  Cape. I t  is n o t conspecific  w ith  F issid en s rufescens 
H o rn sch . (B).

186. Fissidens malaco-bryoides C. M üll. C orticolous in  m o n ta n e  forest. *N G U : M afu lum ula  
W  1700—1800 m  (6441/C); d e t.  B. S +  E  A frican , fro m  N airob i to  Cape.

187. Fissidens marthae C ard. S u b m o n tan e  forests, e t, ru , te . *E U S: N g u ru e  v . E  o f Chemka 
v illag e , 500 — 600 m  (6 5 1 6 /K ); A m ani 900 m  (6107/C); *U L U : M orn ingside  1050 m 
(6267/A ); B ondw a E  1600 m  (6181/C F); det. B . N ew  fo r E a s t A frica, p rev io u sly  know n 
o n ly  from  Senegam bia to  Z aire.

188. Fissidens metzgeria (C. M üll.) B ro th . — T erricolous in  m o n tan e  forest. *U K A : M andege 
F . S t. SW  1520 m  (6869/FA ); d e t.  B. P rev iously  k n o w n  on ly  in  W est A frica : M o n bou ttou .

189. Fissidens micro-androgynus D ix . — T erricolous in  d ry  forests. * K IB : R iv erin e  forest 
n e a r  K ikom bo N of M p w ap w a, 1200 m  (6564/A); *Z: 13 k m  E  of L u sak a , 1300 m  (6609/J); 
d e t.  B. P rev iously  k n o w n  o n ly  from  R hodesia: B u law ay o .

190. Fissidens nitens R eh m . ex  S a lm . s.l. — M ontane fo res ts , e lfin  w ood land , e t,  ru , te . * K IL :
M w eka R ou te  1800 — 2000 m  (6342/A J, 6343/J ) ;  K im efu  v. ab ove  N kw eseko , 1850 m 
(6360/w ); *NGU: W  o f M ho n d a  M ission, 800 1000 m (6400/D ); *U L U : L u p an g a  NW
1400 m (6065/M); SW  1700 — 1900 m  (6285/P); L u p an g a  crest 2050 m (6551/B ); B ondw a 
N  1450 —1700 m (6119/D , 6307 /R , 6430/D); F issidens nitens, as tre a te d  here, is a species 
co m p lex  including F . letestui, F . schnellii, F. m ariéi a n d  F . porrectus, a n d  needs fu r th e r  
s tu d y . In  the  above sense i ts  d is tr ib u tio n  is tro p ica l a n d  S A frican . D et. a n d  a n n o ta te d  
b y  B.

191. Fissidens opacifolius M itt. — T errico lous on roadside  b an k s  a t  re la tiv e ly  d ry , open places. 
* D a r es Salaam  U n iv e rs ity  C am pus, 40 m  (c. W i n g f i e l d  2770); *U L U : M orningside — 
Schlesien  Mission 1240 in (6311/S , T , U , 6575/A, B, C); det. B. T rop ical A frican , know n 
fro m  N igeria and  fro m  U sam b a ra  M ts. and  from  N a ta l (?).

192. Fissidens ovatus B rid . S u b m o n tan e  and  m o n ta n e  forests a n d  su b a lp in e  ericaceous 
w o o d lan d s, on sh a d y  ro cks, o ften  on sprayed  rocks o f w aterfa lls , so m etim es on  b a rk  or 
on  soil. *K IL : M arangu  R o u te  1900 m (6208/M); M aw ingo E s ta te  n e a r M w eka village, 
1350 m  (6349/AC p .p .) ; U m b w e R o u te , n ear U n d  B ivouac , 3360 m  (6932/A ); *EUS: 
A m a n i 850 m (6090/D ); * U L U : M orningside 1250 m (6004/E); b eh in d  M orogoro TTC 
650 — 700 m (6016/C, 6063/A , 6046/L , N , 6723/K ); M zinga v. 1500 m  (6290/A B ); M anga E  
1100 m  (6223/B, C); M sanga fa lls above M zinga v illage  1150 m (6110/F , G, L ); K isim bi 
fa lls  700 m  (6276/H ); L u p a n g a  crest W N W  1900— 2050 m  (6550/G ; M zuazi v . N N E  of 
K in o le , 845 m  (6882/H A ); *N G U : M neinbule — M ask a t, M afulum ula W , 1700 — 1800 m  
(6441/D ); *SH L: M ufindi E sc a rp m e n t n ear th e  a rtif ic ia l lake , 1720 m (6323/X , Y ); L upem e 
E s ta te  1750 m (6318/A G ); * P O R : L ake Ngozi c ra te r  r im  2200 — 2250 m  (6329/B D , B H , 
B K , B N ); *R U N : M t. R u n g w e  N  2300 m , E N E  2 4 0 0 -2 5 0 0  m , SW  2 1 0 0 -2 3 0 0  m  (6334/ 
A E , 6503/M, N, O, 6761/B , 6778/A , 6763/A, 6764/B ); *Z: V ictoria  F a lls , K nife  Edge, 
870 m  (6613/A, B , C, D ); K u n d u lila  Fa lls  SE of K a n o n a , 1430 m (6623/B ); d e t. B.

— f. cymatophyllus (C. M üll.) *U L U : B ondw a N 1450 m (6854/Y ); M w ere v. 1500 m  
(6 853 /F ); L ukw angule  P la te a u  W  2200 m (6813/A); H u lu lu  Falls SSE  of B u n d u k i, 1460 — 
1560 m (6900/H); d e t. B.
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var. ochro lom a K en. e t Card. — *U LU : M id h an i, N E  of K inole, 860 m  (6879/K ); 
P a la ta  N , 1670 m  (6850/H ); * K IL : K im efu v. above  N kw eseko , 1850 m (6360/R ); de t. B. 
D is tr ib u tio n  of th e  w hole species: Acores, S A frica , E  A frica , Com ores, M ad ag asca r and  
M ascarenes.

193. F issidens p a rk ii M itt., T ran s . L inn . Soc. L ondon 23: 56 (1860)
Syn. nov.: F issidens m icrocarpus M itt., J .  L in n . Soc. B o t. 7: 162 (1863)

F issidens konkourae  P a r. e t B ro th . R e v . B ryol. 31: 84 (1904)
F issidens guineensis  P a r. e t B ro th . M ém . Soc. B ot. F ran ce  14: 11 (1908) 

On shady  strea in sid e  rocks in low land ra in  forest. * E U S : Sigi v ., 500 m (6294/B , D ); de t. B. 
P rev io u sly  know n on ly  fro m  W est A frica, from  G uinea to  Cam eroon.

194. F issidens pa rv ilim h a tu s Sim  — * L K A : M am iwa W est S 1870 m , on sh ad y  rocks (6862/A); 
d e t. B. P rev iously  know n on ly  from  N ata l, new fo r E a s t  A frica.

195. F issidens pechuelii (C. M üll.) Jaeg . On h a lf  sh a d y  ro ad sid e  rocks. *U L U : M orningside, 
1250 m (6604/F); d e t. B. P rev iously  know n on ly  fro m  th e  R epub lic  o f C en tra l A frica an d  
from  Zaire, new for E a s t A frica.

196. Fissidens pictus B izo t! On shad y , w et rocks o r on  soil o f su b m o n tan e  forests. U L U : 
M geta v. S o f B u n d u k i F . S t. 1275 m  (6907/D); n e a r K ino le  saw m ill, 1100 m (6874/M ); 
d e t. B. K now n only from  th e  E a s t U sam b ara  a n d  fro m  th e  TJluguru M ts.

197. F issidens pierro lii B izo t. C orticolous in  d ry  ev erg reen  coasta l forest. P u g u  H ills W SW  
of D a r es S a laam , 250 m  (6038/C); det. B. P rev io u sly  know n only from  th e  R ep u b lic  of 
C entral A frica: O ubangu i.

198. Fissidens p lan ifrons B esch. Syn .: F . vulcanicus R en . e t C ard. R upieo lous in  low land  ra in
fo res t. *EU S: Sigi, 500 m (6294/C); N gurue v. F  o f C hem ka village, 500 600 m (6516/J);
d e t. B. E a s t A frican  — L em u rian  species, p rev io u sly  know n only from  M ad ag asca r and  
M ay o tte  I.

—  F issidens p seu doeen ii Biz. e t D u ry !, in B izot , R ev. B ryol. L id ié itő l. 40: 
134 (1974); v a lid a te d  b y  P o e s , Fol. H is t. n a t .  M us. M atrensis 4 : 30 (1977). 
T he ty p e  lo ca lity  is e rroneously  given in th e  orig inal p u b lic a tio n , as 
U luguru  M ts. T he ty p e  specim en was co llec ted  in  th e  U K A g u ru  M ts. b y  
P o es , Ma b b e r l e y  an d  S a l e h e , N o. 6743/D . A n n o ta tio n  b y  P.

199. Fissidens pu rpureocau lis C. M üll. L ow land, su b m o n ta n e  an d  m o n tan e  fo rests, e lfin
w ood land , e t, ru , te , li a n d  on Cyathea stem . * K IL : M w eka R o u te , 1800 2150 m (6 2 1 1/C,
6344/B D , 6343/K , 6360 /P ); M awingo E s ta te  n ear M w eka, 1350 m  (6349/AC); U m bw e 
R o u te  2850 m  (6788/A G , A J , A K ); M arangu  R o u te  1900 2200 m  (6364/N ): *W US:
M azum bai U .F .R . 1750 1880 m (6372/CB, 6 3 7 3 /0 ); K am b o  near M azu m b ai, 1620 m
(6374/BC); *E U S: A m ani 920 m (6377/M); *N G U : M t. M afulum ula  E  ab o v e  M nem bule 
v illage, 1850 in (6439/H ); *U L U : K im boza F .R . 300 m  (6216/A, B); n ea r K ino le  saw m ill 
(6189/11); M anga E  1250 in (6225/C); M t. K inazi 1400 1650 m  (6289/w, S, U ); M zinga
v. 1400 1600 m (6290/A A  p .p .) ; M were v. 1600 m  (6180/E ); G am bau la  F .R . 400 m
(6420/H ); T egetero  M ission, 975 m (6424/M); S im bin i E  1400 1500 m  (6418/A B ); M oro­
gom , B a h a ti C am p, 600 m  (6561/B ); P a la ta  W 1520 m (6849/D ); B ondw a 1700 2100 m
(6307/L, 6404/A F); L u p an g a  SW  1700 1900 in (6285/w  p .p .) ; M agari p eak  2000 2100 m
(6297/H ); *U K A : M nyera  ridge SSW  1950 m  (6 742 /F ); *K1B: m ain  su m m it above 
M pw apw a, 1900 2000 m  (6569/F); *PO R : L ake N gozi C ra te r rim  2250 m  (6329 /B E , B F ,
BG, BM, Bw); d e t. B. T rop ical A frican species, p rev io u s ly  know n only fro m  Sao-Tom é 
an d  Cam eroon, new fo r E a s t  A frica.
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200. F iss id en s reflexus H pe O n  ro c k y  ro ad cu t surface. *U L U : M orningside, 1300 m  (6203/L 
p .p .) ;  de t. B. P rev io u sly  k n o w n  on ly  from  M adagascar, new  for c o n tin e n ta l A frica .

201. Fissidens rivicola B ro th , e t P . V ard e  — On tra v e r tin o  a n d  o th e r s tream sid e  rocks o r on 
th e  e a r th  of low land a n d  s u b m o n ta n e  forests. *W U S: M azum bai U .F .R . 1500 m  (6370/B D ); 
* U L U : M ilawalila F .R . n e a r  T aw a  village above th e  M w uha s tream , 400 m  (6416/H ); 
K im b o za  F .R . 300 m  (6 1 8 8 /A H ); de t. B. P rev io u sly  k n o w n  only from  th e  R ep u b lic  of 
C e n tra l Africa and  fro m  G a b o n , new  for E a s t A frica.

202. Fissidens rufescens H o rn sch . — O n th e  e a r th  of coffee p la n ta tio n s , g a rd en s, on  b ricks of 
o ld  build ings. K IL : L y a m u n g u  Coffee R esearch  S ta tio n , 1260 m  (6195/A , B , D , E ); 
M aran g u , K ibo H o te l g a rd e n , 1450 (6207/A); W U S: L u sh o to , Law ns H otel g a rd en , 1400 m 
(6204/D ); *U L U : M orn ingside , 1 3 0 0 -  1420 m (6203 /J, K , 6420/G p .p .); d e t. В. EA  and  
SA , uncom m on.

203. Fissidens sciophyllus M itt. T ra n s . L inn . Soc. L ondon  23: 55 (1860)
Syn. nov.: F issidens gum a n g en sis  (C. M üll.) P a r. In d e x  B ryol. I I :  471 (1875) 
B asionyin .: Conornitrium  gum angense  C. Müll. L in n aea  39: 366 (1875)

R up ico lo u s and  terrico lo u s in  d ry  w oodland, Vellozia b u sh , on lim estone or o th e r  rocks, 
ro a d sid es , som etim es on  b a rk  in  d ry  evergreen forests. *E U S: n ear C hem ka v illage, 500 
600 m  (6382/D, 6516/H ); * N G U : n ear M honda M ission, 600 — 700 m  (6433/C, D , 6399/E); 
*S P A : M t. K w izu E , n e a r K isiw an i, 875 m  (6716/C, D , E ); *D ar es S a laam , U n iv e rsity  
C am p u s, 40 m  (c. W i n g f i e l d  2727); U L U : K itu la n g h a lo  F .R . 35 k m  N E  o f M orogoro, 
750 m  (6856/J ,  A B); K im b o za  F .R . 300 450 m (6729/B , C, 6800/J, K , 6801 /K ); M angala
F .  R . 500 m (6415/A); n e a r  M ato m b o  village 350 m (6062/A ); M orogoro R iv e r  v. 550 m
(6014, 6003); Valley b e h in d  M orogoro  TTC, 650 1000 m  (6016/J , 6046/T); T ea k  p la n ta ­
tio n s  betw een M orogoro a n d  M golole, 550 m (6115/A , B ); n ear M kuyun i v illag e, 300 m 
(6021/A ); Kinole saw m ill 900 m  (6189/G); L u p an g a  N 1000 m (6018/F , 6 046 /P  p .p ., T); 
B a lia ti  Camp near M orogoro , 600 m  (6561/R , S); M t. M indu  E  600 m (6542/H , J ) ;  T egetero  
M ission 975 m (6424/Y); H u lu lu  Fa lls  above B u n d u k i, 1480 m  (6902/C); * K IB : M pw apw a

K ikom bo 1200 m  (6564 /B ); *Z: 13 k m  E  of L u sak a , Euphorbia  candelabrum  w oodland , 
1300 m (6611/A); 125 k m  E  o f  L u sak a , be tw een  U n d a -U n d a  an d  R u fu n za, 1200 m  (6621/
G , H ); det. B. T ropical A fr ic a n  species, p rev iously  k n o w n  from  N igeria , C had  a n d  from  
th e  R epublic  of C entra l A fr ic a , new  for E a s t A frica.

204. Fissidens smilioides P . V a rd e  — On ro ck y  ro a d cu t su rface  a n d  on soil of coffee p la n ta tio n . 
* K IL : L yam ungu, 1260 in (6195/D  p .p .); *U L U : M orningside, 1250 m  (6004 /F  p .p .); 
d e t.  B. P reviously  k n o w n  o n ly  fro m  th e  ty p e  lo ca lity  in  th e  R epub lic  of C en tra l A frica, 
O u b an g u i.

205. Fissidens spinosolimbatus B iz. e t  D u ry ! — In  A ru n d in a ria  a lp ina  bam boo s ta n d , te r r i­
co lous. *K E N : K am w eti t r a c k ,  2400 — 2700 m  (6601/ZC); de t. B. A froalp ine  species, p re ­
v io u sly  know n only fro m  th e  ty p e  lo ca lity  on  Mt. K ilim a n ja ro  a t  2900 m  a lti tu d e .

206. Fissidens subambiguus Biz. e t  D u ry !  — On te rm ite  m o u n d  in Brachystegia  w oodland. 
U L U : Mt. M indu S 950 m  (6491 /D ); de t. B. K now n o n ly  fro m  th e  ty p e  lo ca lity : K ibungo  
M ission  area in  th e  U lu g u ru  M ts.

207. Fissidens subcongolensis B iz o t e t  D u ry ! — On sh a d y  rocks in  m o n tan e  fo res t. *K IL : 
M n an g u e  v. above M w eka, 1900 m  (6343/J  p .p .); de t. B. P rev iously  kno w n  o n ly  fro m  the  
ty p e  loca lity  in th e  U lg u ru  M ts.

208. Fissidens subexasperatus B iz o t!  — Corticolous in  m o n ta n e  forest. *SH L: M u fin d i E sc a rp ­
m e n t,  Lupem e Tea E s ta te ,  1750 in (6318/T); det. B. P rev io u sly  know n o n ly  fro m  th e  type  
lo c a lity : U luguru M ts.

209 . Fissidens subobtusatus C. M üll. — Corticolous or on  Vellozia  stem  in  fo res ts  a n d  in  d ry  
w ood lands. *SPA: M t. K w iz u  E  above K isiw ani, 900 m  (6716/G); *U L U : M t. M indu  SE 
570 m  (6488/D, 6840/B , C); N g u ru  ya  Ndege E  750 m  (6480/B ); *USA: G ologolo M ts., F ,
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n ear San je  Fa lls , 300 m  (6044/P ); *Z: M uchinga E sc a rp m e n t, M t. M ukow onshi, 45 k m  
N N E  of M pika, 1800 1840 m (6629/H , J ) ;  V ic to ria  F a lls , P a lm  Grove, 800 m (6614/Л );
(let. B. SE  A frican , p rev io u s ly  know n from  T ran sv aa l.

210. Fissidens sylvaticus G riff. Cal. J .  N at. I l is t.  2: 507 (1842)
Syn. nov .: F issidens am blyophyllus  C. M üll., H ed w ig ia  38: 57 (1899)

R upico lous, som etim es on e a r th  or on concret p illa rs , in  low land an d  in su b m o n ta n e  
forests. *SPA: M t. K w izu  E , 1000 m (6716/K ); * E U S : A m ani 870 in (6090/A ); n ear 
K w am koro , 960 m  (6379/D ); N gurue v. E  of C h em k a , 500 600 m (6516/L , H  p .p .) ;
*K A N : 650 m (6136/N , O); *NG U: near M honda M ission , 800 1000 m (6400/B ); ab o v e
K w am an g a  v illage, 1100 1400 in (6397/A, B ); * U L U : M kungw e F .R ., E  o f K ik u n d i,
800 — 1100 m (6218/A ); V alley  beh ind  M orogoro T TC , 1000 m  (6046/P, w, R ); B ondw a N  
1450 m (6184/B ); *U SA : Gologolo Mts. n ea r Sonjo , 300 m  (6144/w, S): *Z: 13 k m  E  of 
L usaka, 1300 m (6609/G  p .p .) ’ det. B* W idesp read  in  tro p ic a l an d  in S A frica, in tro p ic a l 
Asia an d  in O ceania.

211. Fissidens ugandae D ix. e t P . V arde T erricolous in  a sm all, m ist effected m o n ta n e  fo res t
p a tc h . *K IB : m ean  p eak  above M w apw a, 1900 2000 m (6569/G); det. B. P rev io u sly
know n only from  U g an d a : M usanda.

212. Fissidens ulna (C. M üll.) P a r. — Terricolous in  B rachysteg ia  w oodland. *U L U : M t. M indu
E  720 870 m (6841/A , C, D ); de t. B. W idesp read  fro m  G uinea to  the  R ep u b lic  o f C en tra l
A frica , new for E a s t  A frica.

213. Fissidens usambaricus B ro th . Terricolous in  su b m o n ta n e  forests. W US: M azu m b ai
U .F .R . 1500 m (6370/B G ); *N G U : W of M honda M ission , 550 800 in (6399/A ); d e t. B.
T rop ical A frican , un co m m o n .

214. Fissidens ventroalaris C ard. Terricolous in B rachystegia  an d  o th er w oodland. *U L U : 
ab ove  M orogoro to w n , 750 m (6401/AG); M orn ingside , 1240 m (6311/R , 6 4 1 4 /J , L); 
*M uchinga E sc a rp m en t, M t. M ulilidwa N E  of Shiw a N g a n d u , 1500 m (6627/A, B); d e t. B. 
S E A -L einurian  e lem en t, p rev iously  know n only fro m  M adagascar.

215. Fissidens vesieulosus D e m are t e t Leroy -  On ro a d sid es , old bricks in garden  an d  on  soil 
of coffee p la n ta tio n . K IL : M arangu , K ibo H o te l, 1450 m (6207/C); L y am u n g u  Coffee 
R esearch  S t., 1260 m (6195/C); *ULU: M orningside , 1240 in (6414/11); det. B. E A  m o n ­
ta n e  species know n  fro m  K iv u  N at. P a rk , R u w en zo ri, M t. M eru and K ilim an ja ro .

216. Fissidens vogelianus M itt. L ow land, an d  m o n ta n e  fo res ts , te , c t, an d  on Cyathea  s tem .
* K IL : M weka R o u te , 1800 1900 m (6211/B); *W U S : K om bo  near M azum bai, 1620 in
(6374/B D ); *E U S: n e a r C hem ka, 600 m (6382/D , E , 6516 /H  p .p .); *NGU: D u a le  v . n ear 
M honda M ission, 550 700 m  (6434/A, 6433/C, D p .p .) ;  d e t. B. K now n from  W est A frica
an d  from  M ad agascar a n d  th e  M ascarenes, new  fo r E a s t  A frica.

217. Fissidens welwitschii D ub. Low land a n d  su b m o n ta n e  fo rests, te , ru . *N G U : M honda
M ission K w am an g a , 700 1100 m (6396/F; * U L U : M ilaw alila F .R . in M w uha v .,
400 m  (6416/J): d e t. B. K n o w n  only from  A ngola , new  for E a s t Africa.

Archidiaceae

218. Archidium africanum M itt. On w et ea rth . *D ar es S a la a m , 30 m ( c .  W i n g f i e l d  2766/A ); 
det. B. P rev io u sly  know n o n ly  from  the  U sagara  M ts.

Ditrichaceae

219. Ditrichuni difficile (D u b .)  F leisch . Terricolous o r ru p ico lo u s in m on tane  fo rests. * K IL :
M arangu  R o u te  2650 m  (6239/H ); Um bwe R o u te  2850 — 2900 m (6788/R , B E , CA); U p p e r 
K ik afu , 1600— 1800 m  (6346/H ); *U LU : M agari p e a k , 2000 2100 m  (6297/L); L u k w an -
gule P la te a u  E , n ear M geta falls, 2350 m (6822/W , AV, AY, AZ); *W U S: M azu m b ai
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U .F .R .  1500 m (6370/A U ); d e t.  B. P a lae o tro p ic  species, w idespread in  S E  A sia , in  th e  
M ascaren es and  in  S o u th  A frica . T here  is a n  im p o r ta n t  ch arac te r to  d is tin g u ish  i t  from  
th e  D icranella  species s im ila r in  ap p ea ren ce : th e  v e ry  th ick  m idrib  fo rm ed  b y  5 -  6 cell 
ro w s  in  tran sv ersa l lea f sec tio n . A n n o ta tio n  b y  B. See also EA B  I.

220. Ceratodon purpureus (H ed w .) B rid. K IL : M w eka B ase H u t, 3000 m (6720/S ); U m bw e 
R o u te ,  n ear th e  1st a n d  n e a r th e  l i n d  B ivouacs, 2900, 3600 m (6788/B H , 6792/G ); R U N : 
M t. R ungw e W 2660 m  (6 5 06 /F ); d e t. B. C osm opolite , a ltim o n tan e  in tro p ic a l A frica , on 
ro c k y  o r on ea rth y  g ro u n d , so m etim es on ro t t in g  w ood.

Dicranaceae

221. Trematodon mayottensis B esch . — E a r th  gullies e roded  in  landslide  surface . * U L U : E  of 
M g e ta , 960 m (6389/A); d e t.  B. SE  A frican  — L em u rian  species, kno w n  in  R h o d esia , 
N a ta l  a n d  from  M ay o tte  I.

222. Trematodon schroederi B ro th . Syn .: T . victoriae  D us. — In  erosion gullies a n d  on  rocks 
a lo n g  th e  M geta — C henzem a ro ad , 1340 —1500 m (6390/B , 6392/E): d e t. B. T rop ical 
A fr ic a n  species, know n fro m  C am eroon  an d  fro m  th e  U sam b ara  Mts.

223. Anisothecium ugandae P . Y a rd é  — M ontane  fo res t rich  in  A ru n d in a ria  a lp in a  a n d  s tream - 
b e d  in  g ian t groundsel (Senecio jo h n sto n ii)  s ta n d s , on  irrig a ted  rocks. * K IL : n ear B ar- 
ra n c o  H u t, 3850 m (6 7 9 4 /J); *U L U : M geta v ., 2215 m (6829/0): d e t. B . A froalp ine  
e le m e n t, previously  know n o id y  from  th e  M uh aw u ra  a t  3350 m a ltitu d e .

224. Aongstroemia vulcanica (B rid .)  C. M üll. O n w et, sh ad y  rock in  m o n tan e  fo re s t  o r a t  
ed g e  o f e lfin  w oodland. *U L U  : L u p an g a  crest, N W  2050 m  (6551/F); E  edge o f L u k w an g u le  
P la te a u ,  M geta w aterfa lls, 2350 m  (6822/AV); d e t. B. K now n from  S o u th  A frica , M ada­
g a sc a r , R éunion  an d  from  tro p ic a l A m erica.

225. Dicranella usambarica P . V a rd e  — T errico lous, o ften  on ro ad cu t su rface , in  m o n tan e  
fo re s ts  o r in tea  p la n ta tio n s . * K IL : K in u k a m a ri F a lls  n ear M arangu, 1500 m  (6237/M ); 
M a ra n g u  R oute  2200 m (6365/A A ); *U L U : B on d w a peak  1950 m (6 0 1 1 /P ); * K E N : 
K a m w e ti  trac k  2400 — 2700 m  (6601/A U ); *W U S: M agam ba M abw eni, 1850 m  (6205/E ); 
* E U S : K w am koro T ea E s ta te ,  900 m (6945/A ); d e t. B. The species is v e ry  close to , or 
m a y b e  a reduced form  of D icranella  subsubulata  (H am p e) Jaeg . EA B  I No. 181 should  
b e  re fe rre d  under D. usam barica, if  th e  tw o species a re  tre a te d  sep ara te ly . D . usam barica  
is k n o w n  only from  th e  ty p e  lo ca lity  n ear A m an i, in  th e  E a s t U sam b ara  M ts. A n n o ta ­
t io n  b y  B.

226. Campylopodium euphorocladum (C. M üll.) B esch. — O n th e  soil of b am boo  (A ru n d in a r ia
a lp in a )  s tands. * K E N : K a m w e ti t r a c k  2400 2700 m  (6601/ZB); de t. B. P a lae o tro p ic
sp ec ies , in  Africa know n fro m  E  Z aire, U g an d a , A b e rd are  and  K ilim an ja ro  M ts.

227. Microcainpylopus cf. perpusillus (M itt.)  B ro th , ex  P a r. — Terricolous, on  w h ite  sa n d y  soil 
o f  d ry  w oodland. *Z: M t. M ulilidw a N E of S h iv a -N g an d u , 1500 m (662 7 /R ); d e t. B. 
T ro p ic a l A frican, from  N igeria  to  T ran sv aa l.

228. Caiiipylopus flageyi R en. e t  C ard . On w et, sh a d y  rocks in m o n tan e  fo re s t. *U LU : 
L u p a n g a  crest 2050 m , SW  (6551/G ); de t. B. N ew  fo r E a s t  A frica, p rev io u sly  k n o w n  only 
f ro m  M adagascar.

229. Campylopus fragilis (D icks.) B . S. G. On b a rk  o f a sole A gauria  sa licifolia  tre e . *R U N : 
C o llap sed  cra te r rim  along th e  M beya T u k u y u  ro a d , n ear Isongole v illag e , 1960 m 
(6757 /B ); det. B. O ceanic su b cosm opo lite .

230 . C am pylopus m etzlere llo id es (P . V arde  e t T liér.) B izot nov. com b .
B asionym : B r y o h u m b e r t i a  m e t z l e r e l l o id e s  P . V arde e t T h é r., B u ll. Soc. 

B o t. F r . 86: 422, fig . 1 (1939).
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C orticolous, lignicolous o r terricolous in m o n ta n e  forests. K IL : U m bw e R o u te  1600 
2600 m (6190/K , 6352/A F, 6786/D); Nkw escko 1700 1800 m (6359/V); *W U S: M azu m b a i
U .F .R . 1750 1880 m (6372/A P, AU ); *U LU : M geta  v. 1600 1640 m (6912 /U ); B ondw a
to p  1850 2120 m  (6714/C, 6889/T, AG); *U K A : M n y era  ridge 2050 m (6871/A C ); A lread y
D e  S l o o v e r  (1976: 431) po in ted  to its  a ffin ity  to  C am pylopus. There is no re a so n , w hy 
could it no t be classified  in to  Subgen. P alinocrasp is  o f Campylopus. D et. a n d  a n n o ta te d  
by B. EA  m o n ta n e  species, deta iled  d is tr ib u tio n  g iv en  b y  D e  S l o o v e r  I .c .

231. Cam pylopus pilifer Brid. Syn.: C am pylopus po lytrichoides  De N ot., C a m p ylo p u s in tro -
f le x u s  au c t. afr. non (H edw .) B rid ., fide G r a d s t e i n  an d  S i p m a n  1978: 114 121.
M ontane fo rest, terrico lous. U LU : B ondw a (c. H a r r i s  an d  studen ts , DSM  2252). T he 
E a s t A frican  specim ens k e p t in  E G R  were re -e x a m in e d  in  th e  light o f th e  c o n c e p t of 
G r a d s t e i n  a n d  S i p m a n  ( I . c . )  an d  all were p ro v e d  to  be  C. pilifer , no t C. in tro fle xu s  s. s tr ., 
C. p ilife r  is a tro p ica l w arm  tem p era te  spec ies acco rd ing  to the  above a u th o r s ,  w ide­
sp read  in  g re a t p a r t  o f th e  A m ericas, SW  E u ro p e , A frica and  in SW A sia. O n  th e  o th e r  
h a n d , C. in tro flexus  s. s tr . is an  an tip o d a l te m p e ra te  species, recen tly  in tro d u c e d  to 
E u ro p e . D et. a n d  a n n o ta tio n  by  P.

232. Cainpylopus procerus (C. M üll.) Par. On th e  g ro u n d  of elfin woodland. * U K A : M am iw a 
F .R ., eas te rn  p eak , 2200 m  (c. M a b b e r l e y  1 3 8 5 /B ); det. B. W idespread a f ro m o n ta n e  
species from  C am eroon to  T an zan ia  and  to R h o d e s ia , b u t only a t  h igher a l t i tu d e s ,  fro m  
1800 to  4000 in.

233. Cainpylopus s tram in eu s  (M itt.) Jaeg . — On th e  p e a ty  soil of Senecio m o o rla n d . K IL : 
U m bw e R o u te , 3950 m  (6796/D); de t. B. A fro m o n ta n e  an d  subalpine, E A B  I , IV .

234. A lracty locarpus a lticau lis  (B ro th .) W illiam s S y n .:  Atractylocarpus naveauanus  (T h ér.)  P.
V arde  — In  su b a lp in e  g ian t (Erica arborea) h e a th ,  ru , li. * K IL : Um bwe R o u te ,  n e a r  th e  
1st B ivouac, 2850 2900 m  (6788/B N , ВТ, B Y ); M w eka R oute  2580 2800 m  (6718/R ,
AM ); de t. B. A fro a lp i ne species know n only fro m  th e  R uw enzori and from  th e  v o lcanoes 
o f  K iv u  region.

235. K habdow jdsia a fric an a  Dix. e t N av. On s h a d y , re la tiv e ly  dry , o v e rh an g in g  v o lcan ic  
rocks. * K lL : U m bw e R o u te , 1st B ivouac, 2900 m  (6788/A A  p .p ., AV p .p ., CA p .p .) ;  d e t.  B. 
P rev iously  kno w n  on ly  from  R uw enzori an d  E lg o n , a froalp ine .

236. R habdow eisia lin ea ta  R ich , e t Arg. On m ore o p e n  or on shady, o v erh an g in g  v o lcan ic  
rocks in su b a lp in e  (E rica arborea) g ian t h e a th , also  to g e th e r, w ith th e  p re c e d e n t , b u t  
m ore com m on a n d  w idespread . *K IL : U m bw e R o u te ,  on the  rocks of th e  1st a n d  t h a t  of 
th e  U n d  B ivouac , 2850 -3 3 3 0  m (6791/F, G B , N B , 6788/M , 6929/E); de t. В a n d  P . Afro- 
a lp ine  (su balp ine) species know n from  R u w en zo ri, fro m  th e  volcanoes of K iv u  re g io n  an d  
fro m  M t. C am eroon, be tw een  2400 an d  3300 m  a lti tu d e s .

237. H o lo m itriu m  borbonicum  H am pe ex Besch, v a r .  h a m a tu m  (C. Müll.) T hér. C ortico lous 
in  elfin  w oodland . *U L U : L ukw angule P la te a u , 2500 m  (6080/AL); d e t. B. L em u ria n  
e lem en t, p rev iously  know n from  M adagascar, R e u n io n  a n d  M auritius, new fo r E a s t  A frica .

238. H o lo m itriu m  cy lind raceum  (P. B eauv.) W ijk e t  M arg . va r. cucullatum  (B esch .) W ijk  e t
M arg. Syn .: H olom itrium  a ffin e  Card, e t T h ér. v a r . cuculla,um  Thér. R a m ic o lo u s  in  
su b m o n tan e  ra in  forests. E U S: H unga v. 860 m  (6378/L); *NGU: M honda  M ission , W 
800 1000 m (6400/PA ); de t. B. T he var. is E A  L em u rian , the  species is P a la e o tro p ic
elem ent.

239. D ic ran u m  jo h n sto n ii M itt. On bark  an d  ro t t in g  wood in m ontane fo res ts, g ia n t  E rica  
arborea h e a th  a n d  in  e lfin  w oodland. K E N : C astle  F . S t. 2000 m (6603/Y); K I L :  M w eka 
R o u te  2800 m (6718/A R ); *U K A : M nyera ridge 2100 m  (6871/A H , AN): de t. B. W id esp read  
a fro m o n tan e  species, E A B  I, IV.

240. Leucolom a aspericuspis P. V arde — On bark  o r o n  sh a d y  rocks in m ontane fo re s ts . *N G U :
n ear M nem bule village, 1400 m (6437/A P); U L U : K in azi NW  1400 1650 m  (6 2 8 9 /B E );

A cta B o la n ica  A cadem iae  Scientiaruni H u n g a rica e  2 5 , 1979



248 B IZ O T , M .— P Ó C S , T .

M w ere V .  1 5 0 0 -  1600 m  (6220/N , 6531/G, 6 5 3 4 /0 , 6579 /E ); Lupanga W N W  1500 m 
(6 5 4 6 /F ): B ondw a N E  1650 m  (6844/E); M zinga v . a b o v e  th e  falls, 1400 — 1600 m  (6290/ 
A J ) ;  M geta  v. above H u lu lu  Falls 1600 m (6911/C ); d e t.  В. EA  m ontane, E A B  I ,  m a p  in 
E A B  II .

241. Leucoloma bifidum (B rid .) B rid . C orticolous, ra m ico lo u s  or on bam boo s te m  in  m o n ­
ta n e  fo res ts. * K E N : C astle  F . St. 2000 m  (6 6 0 3 /X ); *W U S: M azum bai U .F .R . 1500 m 
(6 3 7 0 /A H ); * K IL : U m bw e R o u te  1700 —1900 m  (6351 /U ); Nkweseko 1800 —1850 m  
(63 5 9 /W ); U L U : S im bin i E  1500 m  (6418/A R ); M id h a n i 880 m (6881/V); B o n d w a  N E  
1740 m  (6578/J ) ;  L u p an g a  to p  2140 m (6072/B A ); S W  1 7 0 0 -  1900 m (6285/CM ); d e t.B  
E A  — L em u rian , E A B  I.

242. Leucoloma chlorophyllum B ro th . In  su b m o n tan e  a n d  in  m ontane forests, c t, ru . * U L U .
M an g a  E  1150-12 50 m  (6225/G ); L upanga -  K in a z i 1800 1900 m (6836/A K ); d e t.  B.
P re v io u s ly  know n on ly  fro m  NW  T anzania: B u k ó b a .

243. Leucoloma chrysobasilare (C. M üll.) Jaeg . v a r . gracilicaulon (C. Müll.) Jaeg . S y n .:  L.
scabricusp is  B ro th . — C orticolous in su b m o n tan e  a n d  in  m on tane  forests. *W U S: M a z u m ­
b a i U .F .R . E  1500 m  (6370/A G ); U LU : M were v . 1470 1580 m (6158/AJ, 6531/F , 6 5 3 4 /P ,
6853/A ); T u m b ak o  SE  1500 — 1550 m  (6876/A, U ); M au n g a  v. 1400 — 1600 m (6 2 9 0 /A K ); 
S im b in i E  1400 1500 m  (6418/AS); T egetero  M ission  1300 m (6427/A); * P O R : L ak e
N gozi C ra te r rim  2200 2250 m (6329/VA); * R U N : M t. Rungwe SW  1800— 1900 m
(676 2 /B ); de t. B. SE  A frican  — L em urian  species, f ro m  T anzania to T ran sv aa l a n d  to 
M ad ag asca r.

244. Leucoloma cuneifolium (C. M üll, e t Geh.) W rig h t R am ico lous in m o n tane  ra in  fo res t. 
U L U : T u m b ak o  S 1500 m , SE  1400 m (6877/E, 6 8 7 6 /B ); E A  Lem urian  species, E A B  1.

245. Leucoloma grimmioides P . Y ard é  — On shady  ro ck s a n d  on  b a rk  in m ontane fo res t. * U L U : 
L u p a n g a  N W  1600— 1800 in, SW  1700 — 1900 m  (6 5 4 8 /L , 6285/CB); det. B. E A  — L e m u ­
r ia n  species, p rev io u sly  kno w n  only from  M ad ag asca r, new  for con tinen ta l A frica .

246. Leucoloma holstii B ro th . — Corticolous, o ften  ra m ico lo u s  in  subm ontane  a n d  m o n ta n e
fo re s ts  a n d  in elfin  w o o d lan d . K IL : Um bwe R o u te  1900 — 2100 m (6352/Aw); N kw eseko  
1700 1800 m  (6359/Z ); W U S: M azum bai U .F .R . 1 7 5 0 - 1 8 8 0  m (6372/AS); E U S : A m a n i
900 m  (6086/B L, 6380/B ); H u n g a  v. 880 m (6 5 1 4 /H ); *N G U : near K om bola v illage  900 
1200 m  (6436/L); D u n em a  1400 — 1500 m (6398/X , Z ); * U L U : L upanga SW 1500 1700 in
(628 4 /A L ); L u p an g a  c re s t 2100 m  (6552/G); L u p a n g a  — K inazi ridge 1800 — 1900 m  
(6836 /S ); K inole saw m ill 9 0 0 -  1050 m (6264/L); B o n d w a  N N W  1550 m, and  to p  2120 m  
(6006/Z , 6889/D , 6052/A G ); N E  1740 m , N W  1850 2050 m  (6230/U, 6578/AM ); T eg e te ro
M ission  1100 1300 m  (6426/C); W  of K ibungo M ission , 1500 1700 m (6475/A E ); M geta
r iv e r  v . 1600 1640 m  (6912/M ); M t. K ifuru  1875— 1980 m  (6914/K); L ukw angu le  P la te a u
a n d  E  e sca rp m en t 2350 — 2500 m  (6824/J ,  6827/S); * U K A : S of M andege F . S t. 1550 — 
1580 m  (6588/E): Ik w e m b a  N ridge, 1900 m (6 8 6 6 /T );  M nyera  ridge SSW  1950 2050 m,
to p  2100 m  (6742/K , L , 6740/A K ); det. B. E A  m o n ta n e , EA B  I, I I ,  IV.

247. Leucoloma sinuosulum C. M üll, ex Besch. — E p ip h y llo u s  an d  rupicolous in  su b m o n ta n e
fo re s ts . *N G U : W  of M honda  Mission, 800 1000 m  (6400/T); U LU : M were v. 1500 —
1550 m (6893/C); B ondw a E  1600 m (6181/AV); d e t.  В a n d  P. EA — L em u rian , E A B  I.

248. Leucoloma cf. terricola B ro th . — Corticolous a n d  te rr ico lo u s  in m on tane  fo res t. * U L U : 
B o n d w a  N E  1750 m  (6 8 4 4 /J); de t. B. P rev iously  k n o w n  on ly  from  its ty p e  lo ca lity  in  th e  
U s a m b a ra  Mts.

249. Leucoloma volkensii B ro th . — On rocks an d  on  b a rk  in  m ontane forests a n d  in  e lfin
w o o d la n d . N G U : D u n em a 1400 — 1500 m (6398/V , Y ); U L U : L upanga crest E  1750 — 
1950 m  (6468/C, F ); L u p an g a  W N W  1900 2050 m  ((6550/U ); L u p an g a-K in az i r id g e
1900 m  (6836/R ); M were v . — B ondw a 1600 m  (6180/w , 6534/w, R); B ondw a to p  2100 m 
(6 4 0 4 /A K ); N E  1 6 0 0 -2 0 5 0  m , SE 2 0 0 0 -2 1 0 0  m (6 5 7 3 /0 , 6574/B, 6599/N , 6 2 6 1 /E );
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M geta V. above H u lu lu  F a lls , 1600 m  (6912/N); T u m b ak o  S E  1390 1480 m  (6876/N );
*U K A : Ik w am ba to p  2000 m  (6867/A ); det. B. EA  m o n ta n e , E A B  I.

250. D icranolom a billard ieri (S chw aegr.) P a r. T errico lous a n d  cortico lous in  a ltim o n ta n e  
g ian t Erica  h ea th , elfin w o o d lan d , m o n tan e  m ossy forest.

var. pa ten tifo liu in  (R e n . e t P a r.)  T hér. U lu : P a la ta  N W  1850 1890 m  (6852/
E , L); L upanga NW  1800 2000 m  (6132/J); d e t. B.

var. seopareoluni (C. M üll.) T hér. *K IL : U m bw e R o u te  2850 2900 m (6788/A);
M w eka R oute  2640 2820 m  (6718 /J, BG); U L U : L u p an g a  NW  1700 1800 m (6126/E);
L u p an g a  top 2140 m  (6072/Z); B ondw a N 1900 2050 m (6051 /B H ); to p  2120 m  (6889/A H );
M t. K ifu ru  2000 m (6915/C , E ); *U K A : M nyera ridge 2100 m (6740/A L); d e t. B . Sub- 
a n ta rc tic  species, E A B  I, IV.

L eucobryaceae

251. Leucobryum  acu tifo lium  B ro th . -  Corticolous, lignicolous an d  rup ico lous in  su b m o n tan e
ra in  forests. *U L U : N g u ru  y a  N dege 1150 — 1300 m  (6459/S); above S im bin i village 
1400 1500 m (6418/A X ); T u m b a k o  SE  1390— 1480 m  (6876/G); H u lu lu  F a lls  1480 m
(6900/C); B ondw a N E  1600 1700 m  (6535/J); N N W  2020 m  (6403/A L); N W  o f K inole
village 1000 1500 m  (6470/C); M w ere v. 1500 m (6158/AC); d e t. B. SE  A frican  — L em u-
rian , E A B  I I ,  IV.

252. Leucobryum  b istra tosun i B ro th . — R upicolous in  riv erin e  fo rest. U L U : M zuazi v . near 
M idhani, 845 m (6882/F ); d e t. B. E n d em ic  in th e  U lu g u ru  M ts.

253. Leucobryum  cu cu lla tum  B ro th . R upicolous, cortico lous o r lignicolous in  su b m o n tan e
ra in  forests, or in  deciduous w oodlands. *U L U : M orningside , 1250 in (6896/A ); W of 
K ibungo  M ission, 1500 1700 m  (6475/AG); *Z: M t. M ulilidw a N E  of Shiw a N g an d u ,
1500 m (6627/w); K u n d u lila  F a lls  n ear K an o n a , 1480 m  (6626/J ); de t. B. SE  A frican  - 
L em u rian  species, E A B  I.
3 sam ples seem to  be in te rm e d ia te s  betw een  th e  p reced ing  an d  follow ing ta x a :  N G U : 
D uale  v. betw een M honda a n d  K om bola , 600 900 m (6435/L); n ear K o m b o la  village,
900 1200 m (6436/M ); U L U : above  M orningside, 1350 m  (6529 /E ); de t. B.

254. Leucobryuni isleanuin  B esch, v a r . m olle (C. M üll.) C ard. S u b m o n tan e  a n d  m o n tan e
fo rests, e t, ra , ru , te , li. * K IL : U m bw e R ou te  1700 1900 m (6351/T); M w eka R ou te
2530 m (6718/DA); *W U S: M azu m b ai U .F .R . 1600 1750 m  (6371/A F, AG ); E U S : A inani
900 m (6380/E); U L U : B o n d w a N E  1740 m (6578/F , AO); T u m b a k o  SE  1050- 1530 m 
(6875/B , 6877/T); T egetero  M ission 975 m (6424/G); above Sim liin i village 1400 1500 m
(6418/AY); L upanga  W  1200 1300 m  (6064/11); K ikododo  above  B u n d u k i, 1600 1750 m
(6 4 63 /0 ); above K ibungo  M ission, 1500 — 1700 m  (6475/A F, A H ); *U K A : M nyera  N N E  
1990 m  (6870/J); 2 km  N o f M andege F . St. 1600 in ( c .  M a b b e r l e y  1428); d e t. B. EA  
L em u rian  species, E A B  I, IV.

255. Leucobryum  perrotii R en. e t C ard . R upicolous in m o n tan e  forests. *U K A : N  o f M andege 
F. S t., 1540 m  (6737/R  a n d  M a b b e r l e y  1363); M nyera ridge N N E  1 9 0 0 - 2100 m  (6739/R ). 
D et. B. New to co n tin e n ta l A frica , p rev iously  know n on ly  from  M adagascar a n d  from  
M auritiu s, EA — L em u rian  species.

256. L eucophanes cam eru n iae  C. M üll. On bark  a n d  on ro ttin g  wood in  su b m o n ta n e  ra in  
forest. *EUS: A m ani, 900 m (6091/K , 6086/BO); de t. P. T rop ical A frican  species, know n 
from  Guinea to Zaire. New to  E a s t  Africa.

257. Leucoplianes h ildebrandtii C. M üll. On Cyathea s tem  or corticolous in  su b m o n ta n e  and
in m o n tan e  forests. *E U S: A m an i, H u n g a  v ., 880 m (6514/K ); B o tan ica l G a rd en  (6094/A ); 
U L U : N guru  ya N dege, su m m it fo rest, 1150 1300 m  (6459/T); K inole saw m ill 1100 m
(6874/D ); M t. K inazi 1400 1650 m (6289/B N ); E  of S im bin i village 1400 1500 m
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(6418/A Z ); K ilangala to p  S E  o f  B u nduk i, 1950 in (6464/B O ); d e t. P. EA  L em urian  
spec ies, EA B  I.

258. Leucophanes mayottense C ard . On shady  rocks a n d  on Cyathea s tem  in su b m o n tan e  
r a in  forests. *EU S: N g u ru e  v . E  o f Chem ka village, 500 —600 m  (6516/T); A m ani, H un g a
V . 850 m (6094/C); d e t. P . E A  — L em urian , p re v io u s ly  know n on ly  from  th e  Com ores 
a n d  th e  M ascarenes.

259. Leucophanes renauldii C ard. O n b a rk  in su b m o n tan e  ra in  fo rest. *U L U : L u m an g a  v. 
N  1150 m (6811/0); d e t. P . E A  — L em urian , p re v io u s ly  kno w n  o n ly  in  M adagascar.

260. Leucophanes rodriguezii C. M üll. On b ark , rocks a n d  on  Cyathea s tem  in  m o n tan e  ra in  
fo re s ts . *UK A: Mt. K ifigo  S E  1800 m  (6592/M); U L U : M t. T u m b ak o  SE  1460 —1550 m 
(6876/M , P); det. B. E A  — L e m u ria n  species, E A B  I.

261. Leucophanes seychellarum B esch . — On shady  rocks in  su b m o n tan e  ra in  fo res t. *NG U: 
D u a le  v. betw een M honda a n d  K om bola  v illages, 600 — 900 m (6435/K ); de t. B. E A — 
L e m u ria n  species, p re v io u s ly  k n o w n  only from  th e  Seychelles, new  for co n tin en ta l 
A frica .

Calyniperaceae

262. Calymperopsis disciformis (C. M üll.) T ix. Syn.: T h y r id iu m  a fricanum  M itt. E p iphy llous 
in  su b m o n tan e  ra in  fo res t. * U L U : Mt. T u m b ak o  SE  1050 —1390 m (6875/A A ); det. 
O r b á n . W idespread in  th e  C a rib b ean  region an d  in  tro p ic a l A frica.

Pottiaceae

263. Anoectangium eukilimandscharicuin Dix. -  On h a lf  sh a d y  rocks, seldom  on b a rk  in  the  
su b m o n tan e  and m o n tan e  fo re s t  belts. M E R : N jek u , 2600 in (6520/J ) ; K IL : M aua village, 
s tre am sid e  rocks, 1600 m  (6 3 6 7 /E , G); K ikafu  gorge n e a r K y ere , 1500 m  (6347/F); *U LU : 
K is im b i Falls NW  of K ino le  v illag e , 650 m  (6276/L, M, N ); ro ad  to  B ondw a p eak  1700 m 
(6 5 5 3 /H ); *RU N : M t. K y e jo  N  1870—1970 m (6772/B , C); d e t. B. E A  m o n tan e  species, 
E A B  I.

264. Anoectangium hanningtonii M itt.  — On h a lf sh ad y  rocks o f th e  su b m o n tan e  a n d  m o n tan e  
fo re s t  an d  w oodland b e lt. K I L :  W eru-W eru  v. n e a r K isseren i, 1260 m  (6345/F); U L U : 
K ig u ru n y em b e , 700 m  (6723 /D ); M t. M indu S 1070 (6491/B ); M orningside 1150 — 1350 m 
(6203/C , 6735/E); S of M geta 1340 m (6392/G); * K IP : K itu lo  P la te a u , 2700 m  (6752/M ); 
* R U N : rocky ro a d cu t n e a r  R un g w e village, 1450 m  (6760/B ); * K u ndalila  Fa lls  near 
K a n o n a , 1480 m (6622/K ); d e t.  B. E A  m ontane , E A B  I.

265. W eisia controversa H edw . cf. v a r .  gymnostoma (D ix .) Sainsb . — T errico lous on  roadside  
b a n k s , in d ry  forests a n d  w o o d lan d s , som etim es on  b a rk . *D ar es S a laam , 40 m (c. W i n g ­

f i e l d ) ;  * NGU: M honda M ission , 700 m (6 4 3 3 /0 ); M ask a t M ission, 1500 m  (6444/S);. 
U L U : K itu langhalo  F .R . S E  750 m  (6856/H); M orogoro, 750 m  (6401 /A J); M orningside, 
1300 m  (6203/H, 6572/A , 6806/A ); Chenzema M ission, 1700 m  (6812/B , J ) ;  *U K A : M t 
Ik w a m b a  NW  1700 m  (6865/Q ); d e t. B. C osm opolite, E A B  I, IV.

266. Hymenostylium crassinervium B ro th , e t D ix. In  P hoenix  reclinata  s ta n d  effec ted  by 
sp ra y . *Z: V ictoria F a lls , K n ife  edge, 870 m  (6613/M ); E A  m o n tan e  — S A frican , from  
M t. K en y a  to Cape, k n o w n  fro m  th e  R hodesian  p a r t  o f th e  V ic to ria  Falls . D et. B.

267. Hymenostylium recurvirostre (H ed w .) Dix. var. latifolium (Z e tt.)  W ijk  e t M arg. R upico lous; 
in  su balp ine  ericaceous h e a th . * K IL : Mweka B ase H u t ,  2985 m  (6719 /J); U m bw e R ou te  
n e a r  U n d  B ivouac, 3330 m  (6791/D ); det. B. S u bcosm opo lite , th e  v a r .: n o r th e rn  te m ­
p e ra te .  A ltiinon tane  in  tro p ic a l A frica: R uw enzori a n d  M t. M eru, 3170 — 4200 m.

268. Tortella huinilis (H edw .) J e n n .  Syn .: T. caespitosa (Schw aegr.) L im pr. O n roadside
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b an k s . *R U N : n ear L ak e  Massoko SE  of T u k u y u , 1100 m (6779/G); d e t. B . C osm opolite , 
E A B  IV.

269. L eptodon tium  flex ifo lium  (D icks.) H pe R u p ico lo u s in subalp ine  e ricaceo u s h ea th .
K IL : U m bw e R o u te , n ea r th e  I Ind  B ivouac, 3360 m  (6932/D); det. B. S ubco sm o p o lite , 
a ltim o n ta n e  in  tro p ic a l A frica: Mt. C am eroun , E -Z a ire , Mt. K enya an d  M t. K ilim a n ja ro , 
2800 4000 m.

270. L eptodontium  jo an n is-m ey eri C. Müll. T errico lo u s in subalp ine h e a th . K IL : U m bw e 
R o u te , n ear B arran ce  H u t,  3950 m (6797/B A ); d e t. B. A froalpine.

271. L eptodontium  lu te u m  (T ayl.) M itt. O n th e  g ro u n d  of g ian t (E rica arborea) h ea th .
* K IL : M arangu  R o u te  2800 m (6943/A); d e t. B . Species know n from  th e  p a ram o s  o f th e  
S o u th  A m erican  C ordilleras in Colom bia, E c u a d o r , B olivia an d  P eru , a t  a lt .  2700 4000 m,
a n d  also from  M t. M eru in E as t A frica a t  3300 m  according to Z an d er 1972: 265. The 
species p ub lished  by B i z o t  1973: 23 from  M t. K e n y a : N aro Moru tra c k , 2500 m a n d  b y  

B i z o t  and  P o es  1974: 423 in EA B I, No. 227 fro m  M t. K ilim anjaro  u n d e r  th e  nam e of 
Leptodontium  volkensii B ro th ., using the  rev is io n  o f Z a n d e r  l.c., proved  to be also  Lepto­
dontium  luteum  (T ay l.) M itt., w hich species lias now  a ty p ica l “ a fro a lp in e”  d is tr ib u tio n  
p a tte rn  in tro p ical A frica. A n n o ta tio n  by  B.

272. L eptodontiun i v iticulosoides (P. B eauv .) W ijk . e t  M arg. var. viticulosoides O n b ark
a n d  on rocks, once even  on co rru g a ted  iro n  roof, in  th e  m ontane fo res t b e lt ;  on g ian t 
g roundsel (Senecio jo h n sto n ii)  stem  in  su b a lp in e  h e a th . ’"K E N : C astle  F . S t. 2000 in 
(6605/C); K IL : M aran g u  R ou te  2200 3440 m (6365/A C , 6247/R); U m bw e R o u te  1700
1900 m  (6351/R ); *N G U : M t. M afulum ula N 1920 m  (6 4 40 /0 , P ); *U K A : M andege  F. St. 
1570 m  (6859/F , 6860/E ); Mt. K ifigo SE  1800 m  (6592/N ); M nyera ridge  2020 2060 m
(6871/AG); * K IB : S u m m it above M w apw a S S E , N E  1800 2000 m  (6566/M , 6568/K );
♦ R U N : Mt. R ungw e SW  1800 m (6777/A); *Z: M ukow onshi Mt. 45 k m  N N E  o f M pika, 
1920 m  (6630/w ); d e t. B. P an tro p ica l, E A B  I, IV.

273. Iiy o p h ila  a cu m in a ta  B ro th , e t P. V arde O n w e t, o ften  on sprayed  rocks in  lo w lan d  and
in su b m o n tan e  fo res ts an d  w oodlands. *E U S : A m a n i 870 in (6095/A); * U L U : K im boza 
F .R . 300 m (6728/C); M orogoro, K ig u ru n y em b e  700 m (6723/M); M t. M in d u  S E  570 m, 
S 950 m  (6488/C, 6491/C); Morogoro riv er v . n e a r B a h a ti  Camp 600 m  (65 6 1 /F ); K ibwe 
F a lls  above M orogoro, 1030 in (6712/D ); M sanga  Falls  E S E  of M zinga v illag e , 1150 in 
(6110/Z); K isim bi F a lls  NW  of K inole v illage, 650 m  (6276/0); N guru  y a  N dege E  960 m 
(6484/F ); *U K A  falls below  M andege F. S t. 1200 m (6744/E); stone w alls o f  M andege 
F. S t. 1570 m (6869/B ); * K IB : above K ik o m b o , S. 1260 m  (6563/M, R , S); *U SG : K ilo in- 
bero  Scarp  F .R .,  K id a tu , 600 700 m (6143/M ); *Z: 13 km  E  of L u sak a , 1300 m , on
dolom ite  rocks (6611/B ): under K u n d a lila  F a lls  SE  of K anona, 1430 m  (6623/K , L); 
V ic to ria  Falls, K nife E d g e, 870 m (6613/K ); d e t. B. EA m ontane L em u ria n  species.

274. W eisiopsis p lica ta  (M itt.)  B roth . On d ry  ro ck s su rrounded  by  se c o n d ary  grassland . 
U L U : Mt. M indu  S 1200 1240 m  (6843 /A J, A K ); d e t. B. EA -  L em u rian , E A B  I.

275. D idyniodon rig idu lus H edw . var. acu tu s B izo t O n b a rk  a t  the  fo res t line  a n d  on  su b ­
a lp ine  rocks. *M E R : N jeku  2600 m (6520/H ); G re a t M eru peak N E  3100 m (6523/B ); 
d e t. B. The species is a tem p era te  su b cosm opo lite  e lem en t, th e  v a r ie ty  seem s to  be afro- 
m o n tan e , p rev iously  k n o w n  only from  M t. M beya  a t  2400 m a lt.

276. B arhu la  p c rto rq u a ta  C. M üll. In  B rachystegia  w oodland, ru , te. * U L U : N g u ru  ya 
N dege, SW  ridge, 815 m (6707/U); M t. M indu  S E  570 in (6488/E); *Z: A long  th e  G rea t 
E a s t R oad  125 k m  E  of L usaka, 1300 m  (6621/Z); d e t. B. EA  SA, E A B  IV.

277. B ryocry throphyllum  a lp igenuin  (V ent.) Chen. In  a sh ad y  lava  rock c av ity . * K IL : n ear 
Sh ira  H u t, 3700 m (6926/E); N o rth e rn  te m p e ra te  a ltim o n tan e  species: E u ro p e a n  A lps, 
C a rp a th ian s , S c a n d in av ia , K ashm ir, T ch u k ch  P en in su la  and C hitral in N E  A sia, A rc tic  
N o rth  A m erica. In  A frica only : R uw enzori, B u ju k ii v. a t 4000 m.
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278. Bryoerythrophyllum recurvirostre (H edw .) Chen. Syn.: D idym odon rubellus B . S. G.
O n Senecio cottonii s tem  in  g ian t g roundsel s ta n d s . K IL : Urnbwe R o u te , n e a r 

B a r ra n c o  H u t ,  3950 m  (6795/F ); de t. B. C osm opolite , in  tro p ica l Africa a lt im o n ta n e , 
E A B  IY .

279. Bryoerythrophyllum rubrum ( J u r .)  Chen Syn.: D id ym o d o n  ruber Ju r . On Senecio cot­
to n ii  s te m  a n d  on th e  g round  of g ian t g roundsel s ta n d s . * K IL : U m bw e R o u te , N  of 
B a r ra n c o  H u t,  3900 — 4000 m  (6933/N , O); de t. B. E u ra s ia n  a ltim o n tan e  species: A lps, 
N o rw a y , C aucasus, T ch u k ch  P en in su la , Shensi. N ew  fo r th e  A frican  co n tin en t.

280. Streptopogon erythrodontus (T ay l.)  W ils. v a r . rutenbergii (G eh.) Salm on On b a rk  in  
r e la tiv e ly  d ry  m o n tan e  fo res t, 2300 m  (6196/C); d e t. B . A lm o st p an tro p ica l species, th e  
v a r ie ty  is E a s t  A frican , E A B  IY .

281. Semibarbula orientalis (W eb.) W ijk  e t M arg. — T errico lo u s on  roadsides. *D ar es S a laa m ; 
U n iv e r s i ty  C am pus, 40 m  (c. W i n g f i e l d  2746); * U L U : K iro k a  Pass, 600 m  (6020/B ). 
* P O R : Ig a li Pass, 1800 m (6749 /F ); de t. B. W id esp read  p a laeo trop ica l species, E A B  I-

282. Tortula cavallii N egri — T he m o st com m on e p ip h y te  o f g ian t Senecio stem s in  th e  afro - 
a lp in e  p a ra m o  v eg e ta tio n . K IL :  M arangu  R o u te  n e a r  H o ro m h o  H u t, 3800 m  (6248/T); 
U m b w e  R o u te  n ear th e  U n d  B iv o u ac  and  N o f B a rran c o  H u t, 3550 — 4050 m  (6792/Z  
6 7 9 5 /F , 6933 /P ); det. B. W id esp read  afroalp ine  species, E A B  IY.

283. Tortula cochlearifolia P. Y ardé  - In  a sm all lav a  c a v ity  w ith in  th e  alpine d e se rt zone. 
K I L :  S h ira  R o u te  n ea r A rrow  G lacier H u t. 4500 m  (6928/11); det. B. A froalp ine , k n o w n  
o n ly  fro m  K ilim an ja ro , E A B  IY.

284. Tortula schmidii (C. M üll.) B ro th . Syn.: Tortula h ildebrandtii (C. Müll.) B ro th ., T . eru- 
bescens (C. M üll.) B ro th ., B arbula  meruensis C. M üll., e tc . fide  T o w n s e n d  1978: 131. — 
E p ip h y te  on  g ian t Senecios a n d  te rrico lous in  th e  su b a lp in e  zone. Y ery w id esp read  on 
d if fe re n t  s u b s tra ta  in  th e  m o n ta n e  zones of E a s t A frica , A rab ia  and in South  In d ia  a cc o rd ­
in g  to  T o w n s e n d  he., especially  in  d rier h a b ita ts . K IL :  M arangu  R ou te  3440 — 3800 m  
(6 247 /S , 6248/G , w); n ear Shira h u t ,  3700 m (6 9 2 5 /J); M aw ingo e sta te  near M w eka, 1350 m  
(6 3 5 0 /F ); *U L U : M geta — C henzem a road , 1340 m  (6 3 9 2 /H ); *K IP : K itu lo  P la te a u  2650 
m  (6750 /A O ); det. B. A n e lem en t d is tr ib u te d  from  S o u th  A frica th ro u g h  E a s t  A frica  
S o m a lia  to  Y em en an d  to  th e  N ilgh iris. E A B  I, IY , M ap in  B i z o t , Poes an d  S h a b p  1979: 
155, does n o t include th e  loca lities p u b lished  by  T o w n s e n d  he.

285. Tortula pierrotii B izot On d ry  lav a  rocks. *R U N : M t. K y e jo  N 1870 — 1970 m  (6772/D ); 
d e t.  B . P rev io u sly  know n on ly  fro m  M t. M beya, n o t fa r  from  the  R ungw e M o u n ta in s . 
I t  w ill be  classified la te r  p ro b a b ly  am ong  D idym odon, h a v in g  2 layers of s te re id  cells in  
th e  le a f  m id rib  an d  a t  th e  tip s  o f c e rta in  leaves ir re g u lia r  sh ap ed  s tru c tu re s  w ere o b se rv ed , 
w h ic h  m ig h t he e ith e r p ro p ag u les o r fungi. S om etim es th e  u p p e r, sm aller leaves fo rm  v e ry  
s t r ik in g  ro se tte s . A n n o ta tio n  b y  B.

G rim m iaceae

286. G rim m ia  a fro in cu rv a  B ro th . — O n  open lav a  rocks in  a lp in e  desert. * K IL : K ib o , E  fo o t 
o f th e  cone  above K ibo H u t, 4470 m  (6253/A); W  slope, in  th e  G reat W est B reach , a b o v e  
A rro w  G lacier H u t, 4820 m  (6799/B ): de t. B. A fro a lp in e  species, p rev iously  k n o w n  from  
R u w e n z o ri,  K arisim b i an d  M t. M eru, he tw . 3450 a n d  4650 m a ltitu d es.

287. G rim m ia  trichophy lla  Grev. ssp. lisae (De N ot.) B oul. R upicolous in  th e  e ricaceo u s 
h e a th  b e lt .  * K IL : U m bw e R o u te , S a n d  W  of B a rran c o  H u t,  3900 m (6934/L , 69 3 5 /F ); 
S h ira  R o u te ,  n ear Shira H u t, 3660 m (6927/A D , A L ); d e t. B. W arm er p a r ts  o f E u ra s ia  
a n d  A m erica , N o rth e rn  A frica. N ew  for tro p ical A frica .

288. G rim m ia  ovális (H edw .) L in d b . S yn .: G. ovata W. e t M. On d ry  rocks above th e  fo re s t 
line . M E R : N c ra te r  rim  3800 m  (6525/H ); K IL : M w eka R o u te  3260 m (6720/L); U m bw e
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H oule  n e a r B arranco  H u t, 3950 m (6793/N ); d e t. B. C ircum boreal species, a lt im o n ta n e  in 
tro p ica l A frica, EA B  IV.

289. Schistidium alpicola (Hedvv.) L im pr. S yn .: G rim m ia  alpicola  Sw. R u p ico lo u s  in  the 
su b a lp in e  ericaceous h e a th  b e lt. K IL : M aran g u  R o u te , 3440 m (6247/P); U m b w e  R o u te , 
B a rran co  H u t, 3850 m (6794/C); *M E R : N E  3300 m  (6524/A); det. B.

va r. rivularis (B rid .) On su b m erg ed  s tre am b ed  rocks. *U LU : M g eta  b a lls  a t  
th e  E  edge of L ukw angule  P la te a u , 2350 m (6822/ЛС, A H  p .p .); det. B. C ircu m b o rea l 
te m p e ra te  species, a ltim o n ta n e  in tro p ic a l A frica , know n from  R uw enzori a n d  íro m  Mt. 
K ilim an ja ro .

290. Schistidium apocarpum (H edw .) B. S. G. ssp. confertum (F unck) Loeske S y n .: G rim m ia
conferta  F u n ck . — On b a re  b a sa ltic  rocks in  th e  a lp in e  desert zone. K IL : G re a t W est 
B reach  of th e  K ibo cone, ab o v e  th e  A rrow  G lacier H u t, 4860 5050 m (6799/C , D ); d e t. B.
B ip o la r  tem p e ra te  species, a ltim o n ta n e  in tro p ica l A frica. I t  seems to be th e  h ig h est 
ascen d in g  moss on the  W side of K ibo peak . I t  is know n  from  Mawenzi p eak  u p  to  4800 m 
a n d  from  Mt. K enya be tw een  4450 5000 m  a lt.

291. Rhacoinitriiiiii nigro-viride (C. M.) P a r. S y n .: R . defoliatum  Dix. On p a r t ly  su b m erg ed  
s tre am b ed  rocks a t  the fo res t line. * K IL : above  M an d ara  H u t, 2800 m (6942/C ): rheo- 
m o rp h ic , d en u d a te  form , w hich  w as d escribed , as R . defoliatum  D ix. b efo re . D e t. B. 
A froa lp ine  -f- Cape.

F u n a riaceae

292. Funaria hygroinetrica H edw . va r. calvescens (Schw aegr.) M ont. S y n .: F . calvescens 
Schw aegr. — Terricolous a t  d is tu rb ed  sites . M E R : N jeku , 2600 m (65 2 0 /E ; Z: M ucbinga 
E sc a rp m en t, M t. M ulilidw a E , 1500 m (6627/N );

293. Funaria calcarea W ahlenb. v a r. convexa (S pruce) I lu sn o t  Syn.: F. convexa  S p ru ce  — 
On irr ig a ted , sem ishaded vo lcanic rocks su rro u n d ed  by  subalp ine e ricaceo u s b u sh  w ith 
s c a tte re d  g ian t Senecios. * K IL : C harongo v . below  M w eka Base H u t, 2985 m  (6719/A ); 
d e t. B. M edite rranean  E u ro p e  an d  N o rth  A frica , M iddle E a s t — new fo r t ro p ic a l  A frica.

294. Funaria volkensii B roth . On b a re  soil p a tc h es  in ro ck y  grassland ab ove  th e  fo res t line. 
* K IP : K itu lo  P la teau , 2700 m (6752/L); d e t. B. A froalp ine  species p rev io u s ly  k n o w n  only 
from  th e  R uw enzori, E lgon  and  K ilim a n ja ro  m o u n ta in s  a t  m uch h igher a l t i tu d e .

S plachnaceae

295. Tayloria orthodonta (P . B eauv .) D em are t On b a rk  in m ontane fo res t. *N G U : M t. 
M afu lum ula  N above M neinbule village, 1920 m (6440/N ); det. P. W idesp read  a fro m o n ta n e  
species new for T anzania .

T ayloria  so litaria  (C ard.) К op. — T he species No. 239 in E A B  I :  424 from  
th e  U luguru  Mts. u n d e r n am e T . thom éana  (B ro th .) B ro th , be longs here. 
R ec tifica tio n  b y  B.

Bryaceae

296. Orthodoiitiuni gracile Schpr. C orticolous in  m o n tan e  forests. *M ER : n e a r Y ek u k u m ia , 
2100 m (6519/E); det. B. No. 6245/R  fro m  K ilim an ja ro  Mts. pub lished  in  F2AB I: 424 
u n d e r  nam e of 0 . loreifolium  Besch, belongs also here. R ectified  b y  B. O cean ic  sub ­
cosm opolite.
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297. Orthodontium loreifoliuni B esch. On b ark  a n d  on  ro t te n  wood in su b m o n tan e  a n d
m o n ta n e  forests a n d  in  g ia n t  Erica  h eath . K IL : U m b w e  R o u te  1900 2900 m (6352/A G ,
6787/B G , 6788/A H ); M w eka R oute  2750 — 2820 m  (6718/C F); det. В. E A  m o n ta n e  — 
L em u rian  species.

298. Mielichoferia cratericola B ro th . — On rocks a n d  soil o f  su b a lp in e  P h ilip p in  h e a th . * K IL : 
U m bw e R ou te  3330 — 3850 m  (6791/G, 6792/B , 6 7 9 3 /J ) ;  M w eka R oute  above B ase H u t ,  
3250 m  (6720/P); M a ra n g u  R o u te , E  of H o ro m b o  H u t ,  3600 m  (6940/C); w ith  sh o rt, 
M . m ildbraedii like s e ta , b u t  th e  spores are s lig h tly  p ap illo se . M . mildbraedii B ro th , has 
ve rru co se  spores. D e t. a n d  an n o ta tio n  by  B i z o t . A fro a lp in e  species p rev io u sly  kno w n  
o n ly  from  M t. K e n y a  a n d  fro m  Ninagongo v o lcan o , a t  3500 — 3950 m a lt.

299. Mielichoferia elgonensis P . Y a rd é  — On lava rocks in  th e  g ia n t Erica  h ea th . * K IL : U m bw e 
R o u te  2850 — 2900 m  (6 7 8 8 /L ); det. В. A froalp ine , p re v io u s ly  know n only from  M t. E lg o n  
a t  3600 m a lt.

300. Mielichoferia mildbraedii B ro th . — On d ry  ro ck s su rro u n d e d  by  H elichrysum  cush ion  
v e g e ta tio n . K IL : U m b w e  R o u te , near B arran co  H u t ,  3800 — 3950 m (6793/H ); d e t. B . 
W id esp read  a fro a lp in e  spec ies.

301. Pohlia afrocruda (C. M üll.) B ro th . — On th e  flo o r o f  a  sm all lava cave in th e  H elichrysum
b e lt. K IL : S of S h ira  H u t ,  3600 m (6927/L, w); z e t. B . A froalp ine  species k n o w n  from  
R uw enzori, E lgon, M t. K e n y a  and  K ilim anjaro  a t  3750 4250 a lt.

302. Pohlia chrysoblasta (T h e r. e t  N av .) D em aret O n b a rk  of a sole A gauria  sa licifo lia  
(Ericaceae) tree. * R U N : A t  th e  edge of a sm all c o llap sed  parasite  c ra te r  S o f Isongole  
v illag e, 1960 m (6757/C); d e t.  B. Afroalpine species p re v io u s ly  know n only from  R uw en zo ri 
a t  3500 m  and  from  M u h a w u ra  a t  4000 m a ltitu d e .

303. Pohlia elongata H edw . O n rocks in th e  e ricaceous b e lt. K IL : U m bw e R o u te  2900- 
3330 m  (6788/K , A B , 6791/G C , 6932/T); det. B. S u b co sm o p o lite .

304. Pohlia longicollis (Sw .) L in d b . — On ground of m o n ta n e  forest. *K E N : K a m w eti t ra c k , 
2400 — 2700 m (6601/Z); d e t.  B. C ircum boreal, n o t re c o rd e d  y e t from  A frica.

305. Pohlia philonotula (C. M üll.) B ro th . On ro a d c u t su rface . U L U : Chenzem a M ission 1700 
m  (6812/K ); de t. B. E A  m o n ta n e  SA, EA B  I , IV .

306. Brachymenium acuminatum H a rv . in Hook. Syn .: B ra ch ym en iu m  borgenianum  H am p e  — 
T errico lous in  re la tiv e ly  d ry  fo rests, on roadsides a n d  ev en  on Velloziaceae s tem . K IL : 
O ld M oshi — K id ia  1700 m  (6210/E); N ear K ig o m a a t  L ake  T angany ika  (c. F ü l e k y ) ;  

U L U : M t. M indu E  600 m  (6840/A); Z: M uchinga E sc a rp m e n t, M t. M ulilidw a N E  of 
Shiw a N g andu , E  1500 m  (6627/L); det. В a n d  P . P a n tro p ic a l,  w idespread  in  tro p ica l 
A frica .

307. Brachymenium angolense (W elw . e t D ub.) Jaeg . S y n .: B . cam pylotrichum  (C. M üll.) B ro th ., 
holstii B ro th . — I t  fo rm s den se  cushions on th e  b ra n c h e s  o f  Brachystegia  trees  in  m iom bo 
w o o d lan d . U L U : M t. M in d u  E  8 5 0 -  1150 m (6841/B ); *Z: 30 km  N E  of C hôm a, 1000 m  
(6612/B ); det. B. W id e sp re ad  in  the  w oodland b e lt  o f  S a n d  E  tro p ical A frica , E A B  I ,  
I I ,  IV.

308. Brachymenium capitulatum (M itt.)  K indb . O n b a rk ,  in  m o n tane  w ood land . K IL : 
M aran g u , near w a te rfa ll, 1220 m  (c. A r c h b o l d  1508); L y am u n g u  Coffee R esearch  S ta tio n  
1260 m  (6195/K ); d e t. В a n d  P , from  tro p ical A frica  to  E  H im alay a , E A B  I, I I ,  IV.

309. Brachymenium leptophyllum (C. Müll.) Jaeg . - On A ca c ia  b a rk . *K IB : h ig h est su m m it 
ab o v e  M pw apw a, 1960 m  (6568 /H ); det. P . W id esp read  in  tro p ica l Africa.

310. Brachymenium procerrimum B ro th . P robab ly  co n sp ecific  w ith  B rachym enium  elgonense 
D ix . T he com parison  o f th e i r  ty p es  is necessary  to  p ro v e  th e ir  id en tity . — On b am b o o  
s tem  in  A ru n d in a ria  a lp in a  th ic k e t. *K E N : above K a m w e ti F . St. 2400 -2 700  m  (6601/w , 
B A ); d e t. В an d  T. A fro a lp in e , know n from  R u w e n z o ri, M t. E lgon a n d  fro m  M t. 
M eru.
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—  B rachym enium  flex ifo lium  B ruch , et Sch im p. D e t. and  p u b lish ed  b y  B izot 
(1973: 26) from E th io p ia , as B. abyssin icum . R ev ised  b y  P. N E  A frican  
m on tan e species, from  E th io p ia  to  R uw enzori M ts.

311. Brachymenium longicolle T h ér. R am icolous in  m o n tan e  forest. *U L U : B ondw a N E  
1985 in (6845/L); d e t. P . P rev io u sly  know n from  C am eroun , M alaw i, M au ritiu s  a n d  from  
S ikkim  H im alaya.

312. Brachymenium pulchrum H ook. S yn .: B . argenteum  T h ér. I t  fo rm s cush ions on  branches 
of Brachystegia  spp . in m is t effec ted  m iom bo w oodland, sim ila rly  to B . angolense. *T: M t. 
Ip iri S o f B a b a ti, 1800 m  (6214/G ); de t. P . SE  A frican  L em u rian  species.

313. Brachymenium epeirocladum C. Müll. On bark  of p lan te d  E u ca lyp tu s  a n d  Cupressus. 
*U L U : C henzem a M ission, 1700 m (6812/w): det. P . T ro p ical A frican , from  C am eroon to 
Com ores.

314. Anomobryum filiforme (D icks.) Solm s. On rocks am o n g  H elichrysum  cush ions. K IL : 
Shira P la te a u , 3660 m  (6927/A K ); de t. P . C ircum boreal e lem en t, w idesp read  in  th e  high 
m o u n ta in s of trop ical A frica , E A B  I , I I ,  IV.

315. Bryum alpiiium H uds. ex W ith . in d .  var. perrevolutum P. V arde  On w et rocks. CAM: 
M t. Cam eroon su m m it, 4000 in (c. B a l á z s  81/r); U L U : M geta Fa lls  a t  th e  E  edge of 
L ukw angule  P la te a u , 2350 m  (6822/Z); H u lu lu  Fa lls  SSE  o f B u n d u k i, 1560 m  (6910/C); 
de t. В and  P. C osm opolite , m o n ta n e  in trop ical A frica.

316. Bryum afroealophyllum P. V arde  On b ark  in m o n tan e  fo res t or on  ir r ig a te d  lav a  rocks
in th e  subalp ine  P h ilip p in  b e lt. K E N : Castle F . S t., 2000 m  (6605/A ); K IL : U m bw e 
R o u te , from  the  U n d  B ivouac  to  B arran co  H u t, 3360 3850 m (6932/B B , 6794/A ); det.
В an d  P . A froalp ine, know n  on ly  from  K enya and  K ilim an ja ro  M ts.

317. Bryum argenteum H edw . On v ery  d ifferen t su b s tra te s , as flo w erp o t, a lp in e  semi-
d esert rocks and  old leo p ard  dung . T : M w anza tow n (6199/A ); K IL : a ro u n d  B a rran co  H u t, 
3950 4000 m  (6797/C, 6798/B , 6933/G , 6934/G); M E R : N jeku  1600 m  (6520 /F ); Z: K afue
Gorge below th e  dam , 1050 m  (c. K o r n a s  В 12); d e t. В a n d  P . W idesp read  cosm opolite.

318. Bryum billardicri Schw aegr. C t, ru , te  in su b m o n tan e  a n d  in m o n ta n e  w oodland, 
forests. *Mt. Ip iri S o f B a b a ti ,  1800 m (6215/D); *U L U : B ondw a N W  1650 m (6006/A E); 
*SH L: M ufindi F ish ing  C am p 1720 m (6323/P); th e  specim ens pub lish ed  in  E A B  I u n d e r 
nam e B ryu m  cf. homalobolax C. Müll, ex Ren. from  th e  U lu g u ru  M ts. (6152 /X ); un d er 
nam e B ryu m  cf. keniae  (C. M üll.) B ro th , from  th e  E a s t U sam b ara  M ts. (coll. No. 6086/A J), 
also belong here. W id esp read  p a n tro p ica l species. D et. a n d  re c tific a tio n s  b y  P .

319. Bryum coronatum Schw aegr. R u , te  a t  roadsides. *N G U : M honda M ission, 600 700 m
(6433/E); U L U : M orogom  v. a t  B a b a ti  Cam p, 600 m (6561/E ); *Z: M uchinga E sc arp m en t, 
M t. M ulilidw a, E  1500 m  (66 2 7 /0 ); de t. B. P an tro p ica l.

320. Bryum cllipsifoliuni C. M üll. T erricolous am ong H elichrysum  cush ions; a long  w a te r­
course in  th e  a lp ine  d ese rt zone. K IL : N ear Shira H u t 3700 m  (6925/A ); Sh ira  R oute  
to w ard s A rrow  G lacier H u t, 4500 m (6928/G): K n o w n  on ly  from  th e  a lp in e  b e lt o f Mt. 
K ilim an jaro  an d  M t. K en y a  a t  3000 4600 m , an d  from  Chile, Fuegia. D et. P .

321. Bryum huillense W elw. e t D ub. On g round  or on rocks, seldom  on b a rk  in  su b m o n tan e
an d  in m on tane  fo rests, u su a lly  below 1500 m a lti tu d e . K IL : M arangu , n e a r K in u k am ari 
Falls , 1220 1500 m (6 2 3 7 /0 , A r c h b o l d  1504); W U S: M azum bai U .F .R . 1750 1880 m
(6372/BM ); E U S: A m an i, on concrete  pillars of a d am , 950 m  (6095/E ); K A N : S 1000 
1100 m  (6137/A J); *U L U : M kungw e F .R . W 700 800 m (6217/11); N g u ru  ya  Ndege S
900 1050 m  (6457/L, 6448/A C); P a la ta  ridge 1600 1700 m (6850/E ); M t. M indu SW
1170 1275 m  (6492/V ); *U K A : M am iw a ridge E , 2200 m  (c. M a b b e r l e y  1388); de t. P.
T he specim ens No. 6380/G  from  E U S , No. 6011/Q an d  6328/E  from  U L U , a n d  6329/AW
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f ro m  PO R , published in  E A B  I :  426, un d er species N o. 264 an d  266, also belong here 
B ry u m  huillense is a v e ry  v a r ia b le , w idespread p a n tro p ic a l species, a n d , h av in g  B ryu m  
t y p e  costa, belongs to  th e  g en u s  B ryu m  s. s tr . (S ubgenus B ryu m ), Sectio Rosulata, and  
n o t  to  Rhodobryum, if  we ta k e  in  accoun t th e  c h a ra c te rs  en u m era ted  by  I w a t s u k i  and  
K o p o n e n  (1972). F u r th e r  m is id en tif ied  B. huillense  specim ens: B r a s s , V e r n a y  N yassa- 
la n d  E xpedition  (No. 16589, N Y ) from  M alawi: L u ch en y a  P la te a u , 1820 m  (iden tified  by 
E . B . B a r t r a m  as B . tru n co ru m  B rid .) and L a r s e n , S m i t i n a n d  and  W a r n c k e  ( N o . 1032, 
A A U , EG R ) from  T h a ila n d :  P h itsa n u lo k , P u h  M ieng M t., 1300 m  id en tif ie d  as Rhodo­
b ryu m  roseum (H edw .) L im p r. R evision  and a n n o ta tio n  b y  P.

322. Bryum keniae C. M üll. S y n .:  Rhodobryum  keniae  (C. M üll.) B ro th . — O n th e  soil, rocks
a n d  on barks in  su b m o n ta n e  a n d  m on tane  forests, u su a lly  above 1500 in a lt i tu d e  up to  
3000 m . *ABE: G ik u ru ru  r iv e r  v . 1.5 km  W  of K ian d o g o ro  G ate , a t  Senecio battiscombei 
b a se , 2950 m (c. M a b b e r l e y  358); K E N : abowe K a m w eti F. S t., 2400 — 2700 m  (6601/AZ); 
K I L :  Um bwe R oute  1900 2100 m  (6352/AD); W U S: M azum bai U .F .R . 1500 — 1640 m
(6370 /A P , 6374/CA); K A N : S 1370 m (6140/X ); U L U : B ondw a N E  1740 m  (6578/AL); 
L u p a n g a  W 1 3 5 0 -1 5 0 0  m  (6 5 4 6 /J); *UK A: M nyera ridge  SSW  2 0 5 0 -2 1 0 0  m  (6741/F, 
687 1 ‘AD ): R U N : M t. R u n g w e  N E  2400 m, E 2400 2600 m  (6327/H , 6503/U , 6504/Z);
*M U L : Lichenya P la te a u  1800 — 2000 m  (c. R y v a r d e n  11761); Specim ens No. 6239/J  and 
6228/C  published in E A B  1 u n d e r  th e  nam e of R hodobryum  spathu losifo lium  (C. Müll.) 
P a r .  from  K ilim anjaro  a n d  U lu g u ru  Mts. belong also here . B ryu m  keniae, s im ila rly  to  the  
p reced in g  species, is a ty p ic a l,  a lth o u g h t v ery  ta ll, re p re se n ta tiv e  o f th e  genus B ryu m , 
su b g en . B ryum , sect. R o su la ta  a n d  h as only conv erg en cy  in  size a n d  shape  w ith  the  
Rhodobrya. In  fact, it is v e ry  closely  re la ted  to B ry u m  huillense, th e  d ifferences betw een 
th e  tw o are only q u a n ti ta t iv e .  B . keniae  is m uch  ta l le r  in  all p a r ts , inc lu d in g  th e  spore 
size. I t  is possible, th a t  B . ken ia e  will be proved  to  be a po lyp lo id  of B . huillense, iso lated  
in  th e  m ontane forest b e lt  o f  tro p ic a l Africa. A fro in o n tan e  species, E A B  I, IV. Id e n tif ica ­
t io n ,  revision and a n n o ta t io n  b y  P.

323. Bryum leptoneurum P . V a rd e  — On th e  g round  of a lt im o n ta n e  ericaceous h e a th . K IL : 
M w eka R oute 2 7 5 0 -2 8 3 0  m  (6718 /F -2 ); *U LU : B ondw a to p  2120 m  (6700/B , 6846/A); 
M a g a ri peak 2345 m  (6300 /A G ): d e t. H. Oclii. EA  m o n ta n e  species, closely re la te d  to the  
W e s t  and  Central A frican  m o n ta n e  B ryum  preussii B ro th . T h ey  b o th  belong  to  subgen. 
B r y u m ,  Sect. Rosulata, a n d  o n ly  d iffer in leaf size (B . p reu ss ii has b igger leaves) and  in  
le a f  shape  (B . leptoneurum  h a s  a cu te  apex w ith  e x c u rre n t co sta , B . preu ss ii has ob tuse , 
a p ic u la te  apex w ith  co sta  e n d in g  in  or below th e  ap ex ). B o th  have  B ry u m  ty p e  costa 
s t ru c tu re ,  bu t B. lep toneurum  h as 2, B. preussii u su a lly  has 3 layers o f large  cells above 
th e  stereids. A n n o ta tio n  b y  P .

3 2 4 .  Bryum micro-erythrocarpuiii C. Müll, e t K indb . S y n .: B . zuluense  B ro th , e t B ry h n
* W -T ransvaal: B a rb ersp a n  B ird  R . S t., on irr ig a ted  g ro u n d  (c. F a r k a s  N o . 1, M ay 1965); 
d e t.  P . Subcosm opolite sp ec ies  kno w n  in Africa fro m  C ape, N a ta l an d  Z ulu land .

3 2 5 .  Bryum pallens Sw. S y n .: B . p terocaulon  P. V arde -  O n  rocks, b a rk  a n d  on ro t te n  wood. 
* K E N : below Castle F o re s t  S t. 1950 m  (6603/H); * K IP : K itu lo  P la te a u  2650 m (6750/AT); 
d e t.  B. Circum boreal species v e ry  ra re  in tro p ical A frican  m o u n ta in s.

326. Bryum pseudotriquetrum (H e d w .)  G aertn . e t al. S y n .: В . ventricosum  D icks. — On 
i r r ig a te d  rocks. U LU  : M geta  F a lls  a t  th e  E edge of L u k w an g u le  P la te a u , 2350 m (6822/AL); 
* U K A : near a w a terfa ll b e lo w  M andege F. S t., 1200 m  (6744/F); d e t. B. W idespread  
co sm o p o lite  species.

327. Bryum staudtii B ro th . — C o rtico lo u s in  m on tane  fo res t. *M AL: Z om ba P la te a u , 1450 m 
(c. B r a s s , V e r n a y  N y a sa la n d  E x p ed itio n  No. 16209), id en tified  an d  pu b lish ed  b y  E. B. 
B a r t r a m  (1953), as B ry u m  truncorum  Brid. B. sta u d tii, p rev iously  k n o w n  on ly  from  
C am eroon , is also a m em b e r o f  section  Rosulata, a n d  n o t  Rhodobryum . I t  is v e ry  closely
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re la ted  (and  m aybe will p ro v ed  to  be conspecific) to  B ryu m  huillense  W elw . e t Dub. 
R evision  an d  a n n o ta tio n  by  P.

328. B ryum  viguieri T hér. R u p ico lous in  Brachystegia  w oodland. *MAL: N ch isi M t., 1400 m 
(c .  B r a s s , V e r n a y  N y asa lan d  E x p ed itio n  No. 16946), iden tified  an d  p u b lish e d  by  E . B. 
B a r t r a m  (1953) as B ryu m  truncorum  B rid . P rev io u sly  know n on ly  fro m  M ad ag asca r and 
from  A ngola. R ev. by  P. (N Y , E G R )

329. R hodobryuin  com m ersonii (S chw aegr.) P a r. — C orticolous in m o n ta n e  fo res t. *ULU: 
B ondw a N E  1950 m  (6579/G ); d e t. P . Rhodobryum  commersonii has tru e  R hodobryum  or 
M n iu m  ty p e  m id rib  section  a n d  ag rees in o th e r  c h arac te rs  too w ith  th e  gen u s Rhodo­
bryum  as defined by  I w a t s u k i  a n d  K o p o n e n  (1972: 3), and  seems to  be v e ry  closely 
re la ted  to  Rhodobryum  m adurense  D ix . e t P . V arde. R . commersonii is  a p a laeo trop ic  
species know n from  E a s t A frica  to  In d ia .

330. R hodobryuin perspinidens (B ro th .)  P o es, com b. nov.

B asion ym .: B ryu m  persp in id en s  B r o th ., B o t. Jahrh . 24: 246  (1897). 
T he in v estig a tio n  o f  co s ta  a n a to m y  o f  th is  in terestin g  sp ec ies  p roved  the  
right o f  O c h i , w ho has p laced  it in  th e  su bgenu s R hodobryum  Schim p. 
( O c h i  1972: 118). A lth o u g h  our co llec tio n s are ster ile , s im ila r ly  to  the  
ty p e , th e  v e g e ta tiv e  ch aracters show  close re la tion sh ip  to  B r y u m  aubertii 
(Schw aegr.) B rid . On soil o f  e lfin  w ood lan d . U L U : L u p an ga  — K inazi 
ridge, 1800 1900 m  (68 3 6 /A L ); d et. B . E A  m on tan e, E A B  I.

—  R hodobryum  sp ath u la tiin i ( I to n isc h .)  P oes, com b. nov.
B asion ym : M n iu m  sp a thu la tum  H orn sch . L inn aea 15: 135 (1841 )

non M n iu m  spa thu la tum  M itt., Trans. L inn . S o c . 1891: 166 
S yn . n o v .:  B ryu m  ontariense  K in d !)., O ttaw a  N a tu ra list  2 : 155 (1889) 

Rhodobryum  ontariense  (K in d b .) K in d b ., S pec. E u ro p . North- 
am er. B ry in . I I :  346 (1897)

Rhodobryum  roseum  au ct. african i, non (H ed w .) G aertn . 
B ryu m  leucothrix  C. M üll., H ed w ig ia  38: 69 (1899)
B ryu m  in tegrifo lium  R eh m . in  G eh., R ev . B r y o l. 5: 70  (1878) 

n om . nud.
S ince O chi (1972: 11) has p u b lish ed  M n iu m  spa thu la tum , as a sy n o n y m  of 
B ryu m  (Rhodobryum ) roseum  and in th e  sam e year I w a t su k i  an d  K o ponen  
h ave cleared th e  d ifferen ce b etw een  B ry u m  and Rhodobryum  and have  
given  good  d istin g u ish in g  ch aracters b etw een  Rhodobryum  roseum  and Rh. 
ontariense, it  b ecam e p ro b lem a tica l, w here does b elon g th e  S o u th  A frican  
p lan t know n under th e  n a m e o f B ryu m  (Rhodobryum ) roseum . B y  the  
k ind ness o f  T. K o p o n e n , I w as ab le to  exam in e th e  iso ty p e  o f  B ryu m  
in tegrifolium  from  H . C om paring it w ith  o th er  A frican and E u ro p ea n  p lants  
and w ith  th e  d escrip tion s o f  th e  ab ove S ou th  A frican ta x a , b eca m e clear, 
th a t th e  S outh  A frican  ilR hodobryum  roseum ”  b elon g to  R h . ontariense. 
T his w a y  th e  sy n o n y m  d iscovered  b y  O chi is to  be u sed  for  th e  p lant
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k n o w n  from  th e n o rth e rn  tem perate and su b tro p ic a l regions u nd er th e  
n a m e  o f Rhodobryum ontariense, w hich has sim ilar ly  to  m a n y  S ou th  
A fr ica n  p lants — a b ip o la r  d istrib ution  p a tte r n . I t  is still n ecessa ry  to  
e x a m in e  th e U gand a an d  M alaw i specim ens en u m e ra ted  in Oc h i’s rev isio n , 
from  th is point o f  v ie w . F in a lly  from th e  10 sp ec ie s  listed  in O c h i’s R e­
v is io n  o f  African B r y o id e a e  (1972: 107) u nd er th e  subgenus Rhodobryum  
S ch im p . on ly  th e 4 fo llo w in g  species are tru e  R hodobrya:

Rhodobryum  spa thu la tum  (H orn sch .) P o es  
Rhodobryum  g iganteum  (Schw aegr.) A rn o tt  
Rhodobryum  persp in id en s  (B ro th .) P o es  
Rhodobryum  com m ersonii (S ch w aegr .) B rid .

T h e  p osition  o f B ry u m  a u bertii (Schw aegr.) B r id . and th a t o f  B . umbracu- 
lum  B urch, ex  H o o k , is t o  b e exam ined . B ryu m  huillense  W elw . e t  D u b ., 
B . sta u d tii B roth ., B . ken ia e  C. M üll, and B . p re u ss ii  B roth , rem ain  in th e  
g en u s B ryum  s. str ., w ith in  subgenus B ryu m  an d  m ost p rob ably  in  th e  
se c t io n  Rosulata. A n n o ta t io n  b y  P.
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CLASIFICACIÓN FITOCENOLÓGICA 
DE LA VEGETÁCIÓN DE CUBA
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Рог

A .  B o r h i d i , 1 0 .  M u n i z 2 у  E .  D e l  R i s c o 2

4 N S T I T U T 0  D E  B O T A N IC A ,  A C A D E M IA  D E  C I E N C I A S  D E  H U N G R I A ,  V Á C R Á T Ó T ;  
2I N S T I T U T O  D E  B O TAN ICA.  A C A D E M IA  D E  C I E N C I A S ,  D E  CUBA, L A  H A B A N A ;

(L legado el 20 A b ril, 1979)

A uthors s tu d ied  the  physiognom ic s tru c tu re  an d  flo ris tic  phytosocio log ica l com ­
position  of the  m o st im p o rtan t and f re q u e n t  ty p es  and  associations of th e  v e g e ta tio n  
in  Cuba du ring  th e  la s t 10 years. B ased  o n  these  stud ies the  m ost com m on  a n d  d is­
tr ib u te d  basic an d  h igher u n its  of v e g e ta tio n  an d  th e ir  phytosocio logical h ie ra rc h y  were 
estab lished . As a re su lt of th is w o rk  th e  f i r s t  sy s tem atic  review  of h ig h er p h y to ­
sociological u n its  (classes, orders, a llian ces) is c o n trib u ted  accom panied  b y  th e ir  sh o rt 
descrip tions and  charac te ris tica l flo ris tic  co m b in a tio n s an d  en u m era tin g  th e  n am es of 
th e  stud ied  assoc ia tions of each h igher u n it.  T h e  review  contains 27 classes o f a sso c ia ­
tions, 14 of th em  are  new to science: Salvin io-E ichhornietea , C abom bo-N ym phaeetea , 
Parvirhynchosporeto-Eriocauletea , Sesuvio-R hachicallidetea, C hrysobalano-Annonetea g la­
brae, Sabalo-Roystonietea , Curatello- B yrsonirnetea, Coccolobetea uviferae , P hyllantho- 
Neobracetea valenzuelanae , B yrsonim o-P ine tea , Caseario-Pinetea , Ocoteo-M agnolietea , 
Rondelelio-Gesnerietea, Clusio-Ilicetea ; fu r th e rm o re  53 phytosocio logical o rd e rs , 80 
alliances and 186 associations are desc rib ed  or m entioned.

In tro d u cc io n

Los au tores h a n  estu d iad o  la e s tru c tu ra  fisionóm ica y la cornposición f lo ris tic a -fito -  
cenológica  de los tipos y  asociaciones m ás fre c u e n te s  e im p o rta n te s  de la v eg etác ió n  de C uba, 
d u ra n te  los u ltim os 10 anos. E stab lecieron  las u n id a d e s  básicas y  superiores m ás co m u n es y  
d is tr ib u id a s  de la veg etác ió n  cubana y las c la sifica ro n  en el sistem a fitocenológico . С о т о  
re su lta d o  de estos tra b a jo s  se publica la p rim e ra  re v is ta  sis tem atica  de las u n id ad es  su p erio res 
fitoceno lóg icas (clases, o rd en es, alianzas) ju n to  con u n a  descripción breve y  ca ra c te riz ac ió n  
flo ristica-fitosocio lóg ica  de cada  una  y a co m p an a d a  p o r la enum eración  de los n o m b res de las 
asociaciones estu d iad as p e rten ec ien tes a las d is t in ta s  un id ad es superiores. L a re v is ta  sis tem á- 
t ic a  in clu y e  27 clases, 53 ordenes, 80 a lianzas y  m ás de 180 asociaciones fitoceno lóg icas enu- 
m erad as . L a m ayoria  de ellas son nuevas p a ra  la c iencia  y  e s tan  descritas por p r im e ra  vez en 
las p ág in as siguientes. H a y  que m encionar, q u e  u n a  g ra n  p a rte  de las un id ad es su p e rio res  no 
se Ita lian  solo en Cuba, sino  tienen  una d is tr ib u c ió n  m as ex ten sa , y  e stan  re p re se n ta d a s  por 
la s  m ism as u  o tras  asociaciones en las dem ás A n tilla s , en  las B aham as, en F lo rid a , en  Y u c a tá n , 
en  A m erica  C entral, en la  p a r te  N orte de A m erica  del Sur, en d is tin ta s  p a rte s  de  la  a rea  del 
C aribe , y  a lgunas tienen  u n a  d istribuc ión  n e o tro p ica l. E s ta  clasificación se co n stru y e  p rim era - 
m en te  sobre  la de K n a pp  (1964, 1965) y  u tiliza  los re su lta d o s  fitocenológicos de Cu a t r e c a sa s , 
Ch a p m a n , Cif e r r i, H a d a£, Gómez-P om pa , D a n s e r e a u , Moncada , Sa m e k , S c h u b e r t , 
St e h l e , St o f fe r s , Sm ith  y  o tros, y rep ré sen ta  el p r im e r  in te n to  p a ra  su m ar los conocirn ien tos 
ac tu a le s  sobre la veg etác ió n  cu b an a  en una  fo rm a  s is tem â tica .

L a  p rim era  version  de esta  clasificación fue  confeccionada por A. B o r h id i en  su  tésis 
de D Sc (1973) en base a su tra b a jo  de m ap ificac ió n  de  la vegetác ión  de C uba, rea lizad o  con la
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c o -au to r id a d  de O. Mu n iz , pero  e s ta  versión se q uedo  en  m an u scrito . E n  los anos 1974— 1978, 
los t ra b a jo s  de m ap ificac ió n  de la  Ciénaga de Z a p a ta  (rea lizad o  p o r E . D el  R isco  y  A. B o r h id i) 
y  la  de la  S ie rra  del R osario  (realizado  por R . Ca po t e  y  A. B o r h id i) re su lta ro n  g ran  c a n tid a d  
de co n o cim ien to s fitocenológ icos nuevos y  m as p ro fu n d o s , que nos p e rm itie ro n  a m p lia r  y  
p rec isa r la  v e rsio n  a n te r io r  en  la fo rm a siguiente.

Las unidades de la vegetáción de Cuba

1. C lase: SALVINIO-EICHHORNIETEA B o rh id i y  Del R isco cl. n.

(S y n .: Cabombo-Eichhornietea K n a p p  64 p .p .)  V egetáción acu á tica  lih re - 
m en te  f lo ta n te  en las aguas dulces n eo tro p ica le s , especialm ente en A m erica  
C en tra l, en las A n tilla s  y  en la  p a r te  N o rte  de A m erica  del Sur.

E spécies c a ra c te ris tic a s : Salvin ia  auricula ta , S . ro tundifo lia , Azolla caroliniana, L em a n  
m in im a , L . p e rp u silla , E ichhorn ia  crassipes, E . azurea, E . heterosperma , E. d iversifolia , P is tia  
stratiotes, A ldrovanda  vesiculosa, U tricularia  espéc. d iv .

1.1. O rd en : S A L V IN IO -E IC H H O R N IE T A L IA  B o rh id i ord. n.
V eg e tác ió n  a c u á tic a  lib rem en te  f lo ta n te  en  la  superficie de las ag u as 

dulces n eo tro p ica le s , о em erg iendo  po r la  m a y o r  p a r te  del cuerpo de las p la n ta s . 
M ay o rm en te  co m u n id ad es de aguas eu tró fica s .

E spécies ca ra c te ris tic a s : Sa lvin ia  auricu la ta , S . ro tund ifo lia , Azolla carolin iana, L em n a  
espéc. d iv ., Eichhornia  espéc. d iv ., P istia  stratiotes.

1.1.1. A lian za : A zollaeo-Salvinion  B o rh id i y  M uniz al. n.
V eg e tác ió n  a c u á tic a  lib rem en te  f lo ta n te , fo rm a d a  por espécies de p eq u en o  

ta rn a n o , cu b rien d o  la  superfic ie  de las ag u as du lces de las lag u n as, m as ra ra -  
m e n te  de los a rro y o s y  rios le n ta m e n te  co rrien te s .

A sociaciones e s tu d iad as  en C uba:

L em no-A zolletum  carolinianae B o rh id i y  M uniz ass. n.
Salvinietum  auriculatae B orh id i y  M uniz ass. n.

1.1.2. A lian za : E ichhornion a z u r e a e  B o rh id i y  M uniz al. n.
V eg e tác ió n  a c u á tic a  f lo ta n te  de p la n ta s  de m ay o r tam an o , em erg idas, no

ra d ic a n te s , fo rm an d o  céspedes densos f lo ta n te s  sob re  la  superficie de las la g u ­
nas eu tró fic a s  u  o ligo tró ficas y  en las zonas su b lito ra les  de los co rrien tes len to s  
de los rios.

A sociaciones e s tu d iad as  u o b se rv ad as en C uba:

Eichhornietum  crassipedi.s S am ek y  M oncada  1971 
Pistietum  stratiotidis Ciferri 1936 
Eiehliornietum  azureae B orhid i ass. n.
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1.2. O rden : A LI) RÓVÁN l)0 -U T R IC U L  A R TET A L I A B orh id i ord . n .
V egetáción a c u á tic a  flo tan te  fo rm a d a  p o r p la n ta s  sum ergidas, no  rad i- 

can te s , m ay o rm en te  carn ívoras, que  v iv en  lig e ram en te  sum erg idas b a jo  la 
superfic ie  de las aguas dulces eu tró fic a s  о m as a m enudo d is tró ficas  de las 
lagunas p an tan o sas  о cenagosas.

E spécies c a ra c te ris tic a s : Aldrovanda vesiculosa, U tricularia foliosa, U. ju n cea , U. brevi- 
carpa, U. sclerocarpa, U. stellaris, U. cornuta, U. resup ina ta , U. olivacea, U. incisa , U. p u r ­
purea , U. virgatula  e tc .

1.2.1. A lianza: A ldrovam lo-U triciilarion  B o rh id i al. n.
C arácteres del o rden . A sociaciones e s tu d ia d a s  y  observadas en  C u b a:

U tricu la rie tu iii foliosae Rorhidi ass. n.
U trieu la rie tu m  ju n ceae  B orh id i ass. n.

1.3. O rden : M A Y A CETA LIA  F L U V IA T IL IS  B o rh id i ord. n.
V egetáción  ac u á tic a  sum ergida, a veces am fib ica , fo rm ada p o r céspedes 

densos de p lan ta s  m usciform es en ag u as  co rrien te s  frescas (arroyos m o n ta n e s )  
о en lagunas o ligo tró ficas. D istribuc ión  n eo tro p ica l.

Espécies cara c te ris tica s : M ayaca f lu v ia ti l is ,  M . f lu v ia t i l is  ssp. ivrightii.

1.3.1. A lianza: M ayacion fluviatilis  B o rh id i al. n.
C arácteres del o rden . A sociaciones o b se rv ad as  о estud iadas en  C uba:

M ayacetuiii f luv ia tilis  Borhidi áss. n.
M ayacetum  w righ tii B orhidi áss. n .

2. Clase: CABOM BO-NYM PHAEETEA B o rh id i y  Del Risco cl. n.

(S yn .: Cabombo-Eichhornietea  K n a p p  1964 p .p .) V egetáción a c u á tic a  n e o ­
tro p ic a l fo rm ad a  p o r p lan ta s  a rra ig a d as  en  el fonde de las aguas d u lces , 
sum erg idas о em erg idas, que se hallan  en  v a r ia s  asociaciones en todos los t ip o s  
(eu tró ficas , o ligo tró ficas y  d istróficas) de aguas dulces.

E spécies c a ra c te ris tic a s : Brasenia pelta la , B . schreberi, Cabomba aquatica, C. p ia u h ie n s is ,  
H ydrocolyle umbellala, N ym phaea  espéc. d iv ., Potam ogeton  espéc. d iv ., M yriophyllum  verlicilla- 
tum , N ym phoides  espéc. div .

2.1. O rden : C A B O M B O -N A JA D E T A L 1A  B o rh id i y  Del Risco ord . n.
(S yn .: U triculario-N ajadetalia  K n a p p  1964 p .p .) V egetáción a c u á tic a  

n eo tro p ica l de p la n ta s  sum ergidas y  a r ra ig a d a s  en las aguas dulces im m ó v iles  
о le n ta m e n te  co rrien tes , a veces ta m b ié n  en ag u as ligeram ente  sa lob res.
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E spécies c a ra c te ris tic a s : Cabomba espéc. d iv ., C eratophyllum  demersum, M y rio p h y llu m  
p in n a tu m , M . sparsifló riim , N a ja s marina, N . gu a d e lu p en sis  =  N . microdon, V allisneria  am eri- 
cana, V. neotropicalis.

2.1 .1 . A lian za : Vallisnerion am ericanae  B o rh id i y  Del Risco al. n . 
V ege tác ión  a c u á tic a  neo trop ica l de p la n ta s  sum ergidas de h o jas  an ch as ,

fo rm a n d o  céspedes su b a c u á tic a s  densas en las ag u as  dulces lig e ram en te  d is tró - 
fic a s , a veces sa lobres.

A sociaciones e s tu d ia d a s  en Cuba:

V allisnerie tum  am erican ae  B orliidi y  M uniz ass. n.
V allisnerie tum  neotropicalis B orh id i y  D e l-R isco  ass. n.

2 .1 .2 . A lianza: C eratophyllo-C abom bion piauhiensis  S am ek y  M oncada 
1971
V egetác ión  a c u á tic a  neo trop ica l de p la n ta s  sum ergidas о por p a r te  em er- 

g idas de ho jas p in n a ti-  о pa lm atisec tas  en las a g u a s  dulces im m óviles eu tró fica s  
u m o d e ra d a m e n te  o ligo tróficas.

A sociaciones e s tu d ia d a s  en Cuba:

C abom betum  p iauh iensis  B orhidi y  M un iz  ass. n.
N ym phaeo-C abonibetuni p iauhiensis S a m e k  y  M oncada 1971

2.2. O rd en : N Y M P H A E E T A L IA  A M P L A E  K n a p p  1964
V egetác ión  a c u á tic a  caribena  de p la n ta s  a rra ig ad as  y  em erg idas, m ay o r- 

m e n te  de ho jas g ran d es , f lo tan te s  en la su p e rfic ie  о em ergidas, en ag u as du lces 
e u tró fic a s , o ligo tró ficas y  ligeram ente  d is tró f ic a s  de роса p ro fu n d id ad .

E spécies c a ra c te ris tic a s : Brasenia schreberi, N ym p lia ea  am pla, N . blanda, N u p h a r  ad- 
vena, H ydrocotyle um bellata, N elum bo lutea, N ym p h o id es  hum boldliana, N . grayana, Potamoge- 
ton  espéc. div.

2 .2 .1 . A lianza: P otam ion  illinoisensis B o rh id i al. n.
V egetác ión  a c u á tic a  poco em erg ida , m a y o rm e n te  de aguas e u tró f ic a s , 

fo rm an d o  céspedes densas.

E spécies c a ra c te ris tic a s : Potamogeton illin o isen s is , P. m alainus, P . nodosus, H yd ro ­
cotyle umbellata, M yrio p h y llu m  sparsiflorum .

A sociaciones e s tu d ia d a s  en Cuba:

P o ta m e tu m  illinoisensi-nodosi B o rh id i y  M uniz ass. n.
P o ta m e tu m  nodosi-m ala in i B orh id i y  M uniz ass. n.
H ydroco ty le tum  um bella ti Del R isco ass. n .
M yriophy lle tum  sparsiflo ri B orhidi ass. n.
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2.2.2. A lianza : N elum bio-N ym phaeion  arnplae  Sam uk y  M oncada  1971 
V egetác ión  a c u á tic a  em erg ida  fo rm a d a  p o r p lan ta s  de h o jas  g ran d es  y

de flo res g ran d es v is to sas , m ay o rm en te  en  las aguas dulces d is tró fica s  y  oligo- 
tró ficas .

A sociaciones e stu d iad as  u o b se rv ad as en  C uba:

B rasen ie tu n i schreberi B orh id i ass. n.
N ym phaeetum  an ip lae  Ciferri 1936 
N ajadcto -N ynip liaee tu in  anip lae D el R isco ass. n.
N u p h a re tu m  advenae B orh id i y  D el R isco ass. n.
N elun ibonetum  lu teae  Sam ek y  M oncada  1971
E ich h o rn io  heterosperm ae-N ym pho idetum  au reae  Sam ek y  M o n cad a  1971 
N ym phoidetum  g ray an ae  B orh id i ass. n .
P o lyg o n e tu m  densiflo ri B orh id i ass. n .

2.2.3. A lian za : Crino-Lirnnocharion flavae  B orh id i ail. n.
V ege tác ión  acu á tica  em erg ida de ag u as  co rrien tes len ta s  y  poco  pro- 

fu n d as, fo rm an d o  céspedes densos en las o rillas de arroyos y  rio s peq u en o s.

E spécies c a rac te ris tica s : C rinum  am ericanum , C. oliganthum , Lim nocharis f la v a ,  F uirena  
umbellala, R hynchospora  espéc. div.

A sociaciones e stu d iad as  en Cuba:

L in m o ch are tu in  flav ae  B orh id i ass. n .

3. Clase: CL A D IETE A JA M A IC EN SIS K n a p p  1964

H erb aza les  a lta s  y  can ad as p a n ta n o sa s  о cenagosas en las zonas de 
in u n d ac io n es regu lä res, a luv ia les y  en las  o rillas de rios de A m erica  C en tra l y  
de las A n tilla s .

3.1. O rd en : G Y N E R IO -B A M B U S E T A L IA  B o rh id i ord . n.
C anadas a lta s  de 3 10 m  de a l tu ra ,  m o nodom inan tes, fo rm a d a s  por

pocas espécies, d is trib u id as  m ay o rm en te  a lo la rgo  de las orillas de los a rroyos 
y  rios.

E spécies ca rac te ris tica s: G ynérium  sag itta tum , B am busa  vulgaris (n a tu ra liz a d a ) , A rundo  
donax  e tc .

3.1.1. A lianza: Gynerion sa g itta ti B o rh id i al. n.
C arac tè res  del o rden . A sociaciones e s tu d ia d a s  en Cuba:

G ynerie tu in  sag itta ti B orh id i ass. n .
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3.2. C Y P E R O  H E T E R O P H Y L L I-P E N N IS E T E T A L IA  B orh id i ord . n.
C a n a d a s  y h erb aza les  secondarios en las o rillas pedregosas de los a rro y o s  

y rios in o n ta n o s  y su b m o n tan o s.

E sp écies  cara c te ris tica s : C yperus heterophyllus, C. surinam ensis, P ennisetum  p u r ­
p u re u m ,  e tc .

3.2 .1 . A lian za : Cyperion heterophylli B o rh id i al. n.
C a rac tè res  del o rden , con v a ria s  asociaciones secundarias en C uba y  en 

las d em ás A n tillas.

3.3. O rd e n : S C IR P O -E L E O C H A R IE T A L IA  IN T E R S T IN C T A E  B o rh id i y  
M uniz ord . n.
H e rb a z a le s  a lta s  p a n ta n o sa s  de aguas du lces m ayorraen te  eu tró fic a s  u  

o lig o tró fica s  о lig e ram en te  sa lobres, en las o rillas de lagunas cenagosas y  p a n ­
ta n o sa s , p e rio d icam en te  in u n d a d a s , sin acu m u lac ió n  de tú rb a  eb el suelo .

E sp éc ies  c a rac te ris tica s : Sc irp u s va lidus, S. olneyi, E leocharis inlerstincía, E . cellulosa, 
C yperus articu la tus, C. d iffu su s , C. sw artzii, Sagittaria  lancifo lia , S. interm edia, Echinodorus 
espéc. d iv ., Pontederia lanceolata, P a sp a lid iu m  p a lu d iva g u m , P anicum  aquaticum , P . lacustre, 
R hynchospora  corniculata, R . gigantea  e tc .

3.3 .1 . A lia n z a : Sagittario-E leocharion in terstin ctae  B orh id i y  D el R isco  
a l.n .
H e rb a z a le s  p an tan o so s  a lto s  en ag u as e u tró f ic a s  о ligeram en te  sa lo b res . 

E sp éc ies  c a ra c te ris tic a s  del o rden .
A sociaciones e stu d iad as  y  o b serv ad as en C uba:

S ag itta rio -E leo ch are tu m  in te rs tin c ta e  D el R isco  áss. n.
P asp a lid ie tu m  paludivagi D el Risco y  B o rh id i áss. n.
E le o c h a re tu m  cellulosae B o rh id i áss. n.
C yperetum  a r tic u la ti B o rh id i áss. n .
S c irpe tum  olneyi B o rh id i áss. n.
S c irp e tu m  validi B orh id i e t  M uniz ass. n.

3.4. O rd e n : T Y P H E T O -C L A D IE T A L IA  JA M A IC E N S IS  B orh id i y  D el R isco  
o rd . n .

(S y  n .:  Pontederio-Cladietalia  K n ap p  1964 y  Rhynchosporeto-C ladietalia  
K n a p p  1964) C anadas y  h e rb aza les  a lto s cenagosos, po r lo com ún p e rm a n e n te -  
m eu te  in u n d a d o s , con acum ulac ión  de tú r b a  en el suelo.

3.4.1. A lian za : Typhion dom ingensis  D el R isco  al. n.
C an a d a s  cenagosas.

E sp éc ies  c a rac te ris tica s : T yp h a  dom ingensis , P hragm ites austra lis , Cladium  jamaicense-, 
P ontederia lanceolata , F uirena  um bellata , Cyperus g iganteus , Tha lia  geniculata.
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A sociaciones e s tu d ia d a s  u observadas en C uba:

T yphetum  dom ingensis  B orh id i y M uniz ass. n.
Cyperetuni g ig an te i B orh id i ass. n.
P o lygone to -T balie tum  genicu latae B orliid i ass. n.

3.4 .2 . A lianza: Cladion jan ia icensis  B orh id i y  M uniz al. n.
H erbaza les cenagosas a lta s  en aguas d is tró fic a s , m ay o rm en te  en suelos 

tu rb o so s.

E spécies c a ra c te ris tic a s : C ladium  jam aicense, C rin u m  am ericanum , C. oliganthum , Paspa- 
lu m  giganteum , D ichrom ena colorala, P anicum  lancearium , P . condensum , P. virgatum , Andro- 
pogon glomeratus, Centella erecta, E rian thus giganteus, Rhynchospora cyperoides, Sacciolepis 
striata, Solidago stricta, Thelyp teris palustris.

A sociaciones e s tu d ia d a s  en Cuba:

C rino-C ladietum  jan ia icen sis  B orh id i y  M uniz ass. n.

4. Clase: PA R V IR H Y N C H O SPO R E T O -E R IO C A U L E T E A  B orh id i cl. n.

H erbaza les b a jo s  y  enanos, en lugares húm edos о p an tan o so s , m ay o rm en te  
o ligo tróficos, sobre suelos ácidos y  pobres en n u tr ie n te s , m ás frecu en tem en te  
sobre arenas b lancas h û m e d a s , tem p o ra lm en te  in u n d a d a s  por aguas de роса pro- 
fu n d id a d . L a v eg e tác ió n  e s ta  fo rm ada por c iperáceas p eq u en as (Eleocharis y  
Rhynchosporas  en an as), X y rid áceas , E rio cau láceas , E scro fu la riâceas  y R ub iá- 
ceas enanas y  ra s tre ra s  y  a lgunas p lan ta s  ca rn iv o ra s , с о т о  U tricularias a rra i- 
gadas enanas, P ing u icu la  f i l i fo l ia , Drosera in term ed ia , adem ás H yp tis  pedali- 
p es , A ster grisebachii, S ten a n d riu m  ovatum, R hex ia  cubensis , Lachnorrhiza p ilo-  
selloides.

4.1. O rden : R H Y N C H O S P O R E T O -X Y R ID E T A L IA  B o rh id i ord . n.
H erbazales o ligo tró ficos hum edos о p an ta n o so s  fo rm ados por céspedes 

bajos y  cerrados.

E spécies c a ra c te ris tic a s : Rhynchospora cyperoides, R . f i l i fo l ia ,  R . tenuis, R . tracei, 
A cisanthera quadrata, Chaetolepis cubensis, Eleocharis capillacea, H erpyza  grandiflora, Lachno- 
caulon ekm anii, Lachnanthes tinctoria, Panicum  lancearium , P. w righ tianum . Scleria espéc. 
d iv ., X y r is  navicularis, X .  ellio ltii, X .  flexu o sa , etc.

4.1 .1 . A lainza: H hynchosporeto-Xyridion  B o rh id i al. n.
C arácteres del o rd en . Asociaciones o b se rv ad as y  e stu d iad as  en C uba:

X yrid i-H yperice tu in  fasc ieu la ti B orhidi ass. n .
C haeto lcp id i-R hynohosporeluni Borhidi ass. n.
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4 .2 . O rd e n : P A E P A L A N T H O -E R IO C A U L E T A L IA  K n a p p  1964 em . B o rh id i 
E lerbazales p an tan o so s  o ligo tró ficos, p e riod icam en te  secos; céspedes 

a b ie r to s  fo rm ados por p la n ta s  p e ren n es  enanas y  aco lchonadas, esen c ia lm en te  
so b re  a re n a s  b lancas о m as ra ra m e n te  sobre serp en tin as  о la te r i ta s  h u m ed as, 
to d o s  p o b re s  en n u tr ie n te s .

E sp écies  caracte ris tieas: E riocaulon  arenicola, E . fu lig in o su m , E . insu lare , E . ovoideum, 
e tc ., P a epa lan thus alsinoides, P . seslerioides, P . lam arckii, P . rivu laris, S yn g onan thus andro- 
saceus, S . in su laris, S. lagopodioides, S . leonis, S . w ilson ii, X y r is  ekm an ii, Scleria  espéc. d iv ., 
R ich a rd so n ia  espéc. d iv., M itracarpus depauperatus, etc.

4 .2 .1 . A lian za : Eriocaulo-Paepalanthion  B orh id i al. n.
C arác te res  del o rden . A sociaciones observadas y  e s tu d ia d a s  en C uba:

S y n g o n an th o -P aep a lan th e tu n i alsinoidis B orhidi ass. n. 
X y rid i-P aep a lan th e tu m  seslerio id is B orh id i ass. n.

5. C lase: ZO STERETEA  C h a p m a n  1974

C éspedes subm arinos a rra ig a d o s  y  vegetác ión  acu á tica  su m erg id a  de las 
a g u a s  sa la d a s  form ada p o r p la n ta s  fan e ró g am as, de gran  d is tr ib u c ió n , m ay o r­
m e n te  p an tro p ica les .

5 .1 . O rd e n : R U P P IE T A L IA  M A R IT IM A E  J .  T x. 1960.

C éspedes subm arinos de la  reg ión  tc m p la d a  y  v eg e tác ió n  de las lagunas 
sa la d a s  co n tin en ta les  e in su la res .

E sp écies  carac te ris tieas: R u p p ia  m aritim a , N a ja s m arina, N . w righ tii, Halodule beau- 
d etii, H . w rightii.

5.1 .1 . A lian za : Ruppion m a ritim a e  B r.-B l. 1931
A sociaciones o b serv ad as y  e s tu d ia d a s  en C uba:

R upp ie tum  m aritim ae  tro p ica lis  B orh id i y  Del Risco v a r . n .

5 .2 . O rd en : T H A L A S S IO -S Y R IN G O D IE T A L IA  F IL IF O R M IS  K n a p p  1964 
Céspedes suhm arinos tro p ic a le s  de la región del C aribe.

E spécies carac te ris tieas: T ha lassia  testud inum , Syringodium  fil i fo rm e , D iplanthera  =  
H alodule  w rightii, H alophila baillonis, H . aschersonii, H ydrom istria  stolonifera.

5.2.1 A lian za : Syringodio-T halassion  B orhid i al. n.
C arácteres del o rden . A sociaciones observadas y  e s tu d ia d a s  en C uba:

S yringodio-T halassietum  Ciferri 1936 
H ydrom istrie tum  sto lo n ife rae  B o rh id i áss. n.
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6. C lase: IPOM OEO-M ALLOTONIETEA K n a p p  1964 em. B orh id i

(S yn .: Ipom oeo-Tournefortietea  K n a p p  1964 p .p .) V egetáción  h e rb á c e a  y 
su ffru tic o sa  de las p layas arenosas, d is tr ib u id a  en todos los tró p ico s.

6 .1 . O rd en : C A N A V A L IO -IP O M O E E T A L IA  K n a p p  1964 em . B o rh id i
V egetáción  p ionera, a b ie r ta  de las p lay as arenosas.

E spécies carac te ris ticas: C anavalia m a r itim a , Ipom oea pes-caprae, / .  alba , Cakile m ari­
t im a , Cenchrus tribuloides, D iodia  m a ritim a , P hiloxerus verm icularis, Sporobolus v irg in icu s , 
Stem od ia  m a ritim a , etc.

6 .1 .1 . A lianza: I p o m o e o - C a n a v a l io n  n i a r i t i m a e  B orhidi al. n.
C arác te res del orden. A sociaciones e s tu d ia d a s  en Cuba:

Sesuvio-Ipom oeetum  p es-cap rae  B o rh id i áss. n.
P h iloxero -U nio le tum  v irg a tae  B o rh id i áss. n .
Ipon ioeo-P hiloxeretuni v erm icu laris  C iferri 1936

6.2 . O rd en : B O R R IC H IO -M A L L O T O N IE T A LIA B orhid i o rd . n.
Céspedes cerrados y  m a to rra le s  b a jo s  costeros de las p lay as  arenosas.

E spécies carac te ris ticas: Borrichia arborescens, B. cubana , Tournefortia  =  M allo tonia  
gnaphalodes , D istichlis spicata , Ernodea littoralis , S u ria n a  m aritim a , Scaevola p lu m ie r i , Eritha- 
lis fru tic o sa , Spartina  ju n cea , Uniola virgata , Casasia clusioides, etc.

6 .2 .1 . A lianza: B o r r ic h io - M a l lo to n io n  B o rh id i al. n.
Céspedes cerrados de las p lay as a renosas. A sociaciones e s tu d ia d a s  en  C uba:

B orriehio-M allo tonietiiiu  B orh id i ass. n.
Sporoholo-Spartinetiim  ju n c e a e  Ciferri 1936 
T u rnere to -U n io le tu in  v irg a tae  Ciferri 1936

6.2 .2 . A lianza: S u r ia n o - B a c c l ia r id io n  h a l im i fo l ia e  B orhidi al. n . 
M ato rra les  costeros de las p lay as arenosas.
A sociaciones estu d iad as en C uba:

E rn o d eo -S u rian e tu m  Ciferri 1936 
S uriano -B accharide tum  lialim ifoliae B orhidi ass. n.

7. C lase: SESU V IO -R H A C H IC A LLID ETEA  B orh id i cl. n.

V egetáción  orófila  de las costas rocosas de la  région del C aribe

7.1. O rd en : T R T A N T H E M O -S E S U V IE T A L IA  B orh id i ord. n.
V egetác ión  p ionera  a b ie r ta  de las co stas  rocosas, fo rm adas m a y o rm e n te  

por p la n ta s  ra s tre ra s  sucu len tas.
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E spécies ca ra c te ris tic a s : S esuvium  portu lacastrum , S . m a r itim u m , Trianthem a p o rtu la - 
ca stru m , Lithoph ila  m uscoides, e tc .

7 .1 .1 . A lian za : Trianthem o-Sesuvion  B o rh id i a l. n .
C arác te res  del o rd en . A sociaciones e s tu d ia d a s  en  Cuba:

L itlio p h ilo -T rian th em etu m  portu lacastri B o rh id i ass. n. 
T rian th em o -S esu v ie tu m  portu lacastri B o rh id i ass. n.

7 .2 . O rd en : B O R R IC H IO -R H A C H IC A L L ID E T A L IA  B orhid i ord. n.
V egetác ión  m o d e ra d a m e n te  cerrada  de las co s tas  rocosas fo rm ad as m a- 

y o rm e n te  por j)lan tas aco lch o n ad as , su fru tices y  a rb u s to s .

E spécies ca ra c te ris tic a s : R hachicallis americana , B o rrich ia  arborescens, B . cubana , Cono- 
carpus erecta f. caespitosa , H elio trop ium  h u m ifu su m , C ham aesyce buxifolia, Pectis espéc. d iv ., 
S tru m p fia  m aritim a , E rith a lis  vacc in iifo lia , Flaveria lin ea ta , O puntia  dillenii s.l., etc.

7.2 .1 . A lianza: Borriehio-Rhachicallion  B o rh id i al. n.
C arác te res del o rd en . Asociaciones o b se rv a d a s  y  estu d iad as en C uba:

S esuv io -R liach iea llide tum  am ericanae B o rh id i ass. n. 
C o n ocarpo -R hach ica llide tum  am ericanae  B o rh id i ass. n. 
B o rrich io -R liach ica llid e tu in  (U phof 1924) C ifcrri 1936 
E rith a li-S tru n ip f ie tu m  B orhid i ass. n.

8. C lase: B A T ID I-SA LIC O R N IETEA  K n ap p  1964

V egetác ión  de las sa lin a s  fo rm ada por p la n ta s  sucu len tas y  g ra in ineas de 
a l ta  te n s io n  osm ótica. E s ta  zona se desarro lla  m a y o rm e n te  d e trás de las zonas 
del m a n g la r , donde los suelos estan  inun d ad o s dos veces al ano y  p o r las secas 
e s ta c io n a lm e n te  re p e tid a s  el sal se acum ula en  el h o rizo n té  superio r, y  la  con- 
c e n tra c ió n  a lta  del sal no p e rm ite  la fo rm ác ió n  de u n a  vegetáción  boscosa.

8.1. O rd en : B A T ID I-S A L IC O R N IE T A L IA  A M B IG U A E  K napp  1964 
V egetác ión  de sa lin a s  fo rm ad a  m a y o rm en te  p o r  p lan ta s  sucu len tas .

Espécies c a ra c te ris tic a s :  B âtis m aritim a , S a licorn ia  ambigua , S. perenn is , Suaeda  
fru tic o sa , S . linearis, F im b ris ty lis  spathacea, etc.

8 .1 .1 . A lianza : F itnbristyli-Salicorn ion  peren n is  C hapm an 1960
V egetáción  su fru te sc e n te  ab ie rta  de las sa lin a s . Asociaciones e s tu d iad as  

en C u b a:

F im b ris ty lie to -S a lico rn ie tu m  perennis B o rh id i ass. n.
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8.1.2. A lianza: llolidion m aritim ae  B o rh id i al. n.
V egetáción  su fru tescen te  c e rra d a  de las sa linas.
A sociaciones observadas y  e s tu d ia d a s  en C uba:
K atidetiiin  m aritim ae  Ciferri 1936

8.2. O rden : D IS T IC H L IO -S P A R T IN E T A L IA  (C hapm an  1974) B o rb id i y  Del 
Risco

V egetác ión  de las salinas fo rm ad as  por céspedes de g ram íneas y  ciperá- 
ceas de a lta  ten sio n  osm ótica.

E spécies c a rac te ris tica s : D istichlis sp icata , S p a rtin a  juncea , Sporobolus v irg in icu s  ssp. 
littoralis, Chloris sagraeana, Eragroslis sa lzm a n n ii, H elio trop ium  curassavicum, P h iloxerus ver- 
m icularis, etc.

8.2.1. A lianza: Disticlilion sp ica tae  (C hapm an  1960) B orhidi y  D el R isco 
C arác te res  del o rden . A sociaciones e s tu d ia d a s  en Cuba:

D isticlilietiiin  sp icatae Ciferri 1936

9. Clase: R H IZ O PH O R O -A V IC E N N IE T E A  GERM IN A N TIS K n a p p  1964 em . 
B orh id i y  Del Risco 

M anglares de los N eotrópicos.

9.1. O rden : R H IZ O P H O  R E T  ALT A C u a trecasas  1958
M anglares p e rm an en tem en te  in u n d a d a s  con raizes aereas y  con  viv i- 

parism o.

9.1.1. A lianza: Ithizophorion occidentalis C uatrecasas  1958 
Espécies ca rac te ris tic a s : Rhizophora mangle.
A sociaciones estu d iad as en C uba:

R h izophoretum  m anglis C ua trecasas  1958

9.2. O rden : A V IC E N N IE T A L IA  C u a trecasas  1958
M anglares in u n d a d a sp o r ondas h a ja s  y  no p erm an en tes , lo q u e  p e rm ite  

la  aeración  de las raices ined ian te  n eu m a tó fo ro s .

9.2.1. A lianza: Avicennion occidentalis C u atrecasas  1958

E spécies c a rac te ris tica s : A vicennia  germ in a n s , B a tis  m aritim a , Rhabdadenia b iflo ra , 
L y c iu m  tw eedianum , etc.

A sociaciones e s tu d iad as  en C uba:

R hizophoro-A vicenn ietum  g erm in an tis  B o rh id i y  Muniz ass. n.
B atid i-A vicenn ie tun i g e rm inan tis  B orh id i y  D el Risco ass. n .
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9.3 . O rd e n : C O M B R E T A L IA  C uatrecasas 1958
M anglares e s ta c io n a lm e n te  in u n d ad as , en  suelos fangosos, m u y  sa lados 

con о s in  neum atófo ros.

9 .3 .1 . A lian za : Conoearpo-Laguncularion  (C u a trecasas  1958) B o rh id i

E sp écies  c a rac te ris tica s : Conocarpus erecta, L a g u ncu laria  racemosa, Acrostichum  aureum , 
A . d a n a ifo liu m ,  etc.

A sociaciones o b se rv ad as  о estu d iad as en  C u b a:

C onocarp o -L ag u n eu la rie tu n i racem osae D el R isco ass. n. 
A crosticho -C onoearpetum  erectae (B onazz i 1937) B orh id i y  D el R isco

10. C lase: CHRYSOBALANO-ANNONETEA G L A B R A E  B orhidi y  M uniz cl. n.

B osques y  m a to rra le s  sob re  suelos p a n ta n o so s  y  cenagosos, s iem preverdes 
a d ec id u o s  de h ab itad es  p e rm a n e n te m en te  h iim e d a s ; se desarro llan  en las cuencas 
de m a l d ren a je , en orillas de lag u n as  y  de m ay o res  rios y  en las zonas su b co ste ras  
h a ja s ,  pe rio d icam en te  in u n d a d a s  en la e s tac ió n  de lluvia. Se d is tr ib u y e n  en 
to d a s  las  A ntillas, en F lo r id a , en las co stas  ca rib en as de M exico, A m erica  
C e n tra l y  A m erica del Sur.

E spécies c a rac te ris tica s : Chrysobalanus icaco, A n n o n a  glabra , M yrsine cubana , JVf. guia- 
n ensis, B u cid a  buceras, B . sp in o sa , B . pa lu str is , B ucida  sub inerm is, M etopium  brownei, Ptero- 
carpus o ffic in a lis , Sterculia caribaea, Acoelorraphe w righ tii, Copernicia glabrescens, D ryopteris 
p a te n s , D . serra , Osmunda regalis, e tc .

10.1. O rd en : C H R Y 'SO B A L A N O -A N N O N E T A L IA  G L A B R A E  B o rh id i y  Del 
R isco  ord. n.
M ato rra les  о bosq u es b a jo s  p a n tan o so s , es tac io n a lm en te  in u n d ad o s  p o r 

ag u as p ro fu n d as du lces, d is tró ficas , o ligo tró ficas о poco salobres.

10 .1 .1 . A lianza: Chrysobalano-Annonion g labrae  B orhidi у  M uniz al. n . 
M ato rra les p a n ta n o so s  о cenagosos e s ta c io n a lm e n te  in u n d ad o s, con u n a

eco n o m ia  de agua e x tre m a . C oinunidades con u n  aspecto  p e rm an en te  о dos 
a sp e c to s  a lte rn an te s , unó  acu â tico  de v e ra n o  y  o tro  sabanoso de in v ie rn o . 

A sociaciones e s tu d ia d a s  en Cuba:

C h ry so ba lano -A nnonetum  glabrae C iferri 1936 
O sm undo-C hrysobalanetum  icaconis B o rh id i ass. n.
C opern icio-B ucidetum  spinosae B o rh id i y  R . C apote ass. n.

10 .1 .2 . A lianza: Salicion carolinianae D el R isco  al. n.
B osques ba jas  m o n o d o m in an tes , p e rm a n e n te m e n te  hum edas en  las orillas 

de la g u n a s  dulces о lig e ram en te  salobres. C om unidades pobres en  espécies.
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Espécies caracteristicas: S a l ix  c a ro lin ia n a , M y ric a  cerifera , D albergia e ca s to p h y llu m , D . 
m o n e ta ria , etc.

Asociaciones e s tu d ia d a s  en Cuba:

Salicetum  ea ro lin ian ae  Del Risco áss. n .

10.2. O rden : T A B E R U IO -B U C ID E T A L IA  (L v o v  1967) B orh id i y Del R isco 
ord . n.
B osques de c iénaga  in u n d ad o s  en casi to d o  el tran scu rso  del ano  po r 

aguas dulces о lig e ram en te  sa lobres. Suelo m a y o rm e n te  u n a  tú rb a  у p ro fu n d a , 
frecu en tem en te  g leyzado , a veces el subsuelo  es pedregoso  de la  caliza co s te ra , 
la que esta  cu b ie rta  po r u n a  cap a  de suelo g leyzado  poco p ro fundo . E l e s tra to  
a rbo reo  de 6 20 m a lto , cou un  e s tra to  a rb u s tiv o  d esarro llado .

Espécies caracteristicas: T a b eb u ia  a n gusta ta , B u c id a  p a lu s tr is ,  B . su b in e rm is , F r a x in u s  
c a ro lin ia n a  ssp. c u b en sis , M a n ilk a r a  w r ig h tii, I le x  c a ss in e , M y rs in e  cubana , X y lo p ia  o b tusi-  

fo l ia ,  G uettarda com bsii, Sab a l p a rv iflo ra .

10.2.1. A lianza: Tabebuio-liucidion  B orh id i y Del R isco al. n.

C arácteres del o rden . A sociaciones e s tu d ia d a s  en  C uba:

B iicido-F raxinetum  cubensis B orhidi y  D el R isco ass. n. 
R h izophoro-C hrysobalanetu iii icaconis D el R isco y  B orhidi ass. n . 
C onocarpo-B ucidetum  palustris  B orhidi y  D el Risco ass. n. 
T abcbiiio-B iicidetum  palustris  B orh id i y  Del R isco ass. n.

11. Clase: SW IETEN IO -B R O SIM ETEA  K n a p p  1964

P luv isilvas de las lla n u ra s  y  de las a ltu ra s  b a jas y  m ed ianas (en C uba 
h a s ta  800 m) con 3 e s tra to s  arbóreos о 2 e s tra to s  con em ergen tes, siem prever- 
des о a veces con a lgunos em ergen tes deciduos. L ian as , ep ifitos y  epifilos esca- 
sos, о no m u y  ab u n d a n te s .

11.1. O rden : D IP H O L I-C A L O P H Y L L E T A L IA  K n a p p  1964
P luv isilvas su b m o n ta n a s  (en Cuba e n tre  250 y  800 m de a ltu ra ) , con- 

d ic ionadas p o r un  clim a p e rm a n e n te m en te  h iim edo , con 0 — 1 mes seco y  m as 
de 2000 m m  de llu v ia  an u a l.

11.1.1. A lianza: C (ilo / th i f lIo - lU p h o lio n  B o rh id i al. n.
P luv isilvas su b m o n ta n a s  de las A ntillas M ayores. E n  Cuba e s ta n  rep re - 

sen tad as  en la p ro v in c ia  de O rien te .
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Espécies caracteristicas en Cuba: D ip h o lis  ju b i l la ,  D . e k m a n ii ,  C a lo p h y llu m  u tile , C arapa  
g u ia n e n s is ,  Ochroma p y r a m id a l is , T e rm in a lia  m a e s lre n s is , Z iz y p h u s  rho d o xy lo n , F ic u s  еврее, 
div., M a n i lk a r a  albescens, B a d r i s  c u b en s is , C ordia su lca ta , M ic o n ia  elata, H e lic o n ia  caribaea, 
O x a n d ra  la u r ifo lia , C o lum nea  spp., H il l ia  spp., P sy ch o tr ia  n u ta n s , P h a iu s  ta n k e rv illia e , etc.

A sociaciones e s tu d ia d a s  en Cuba:

C alophyllo-C arapetuni gu ianensis  B orh id i y  M uniz ass. n.
O xandro -D ipho lie tum  ju b illa e  B orh id i ass. n.

11 .1 .2 . A lianza: A lchorneo-Psem lolm edion spuriae  B orhid i al. n.
B o sq u e  siem preverdes estac ionales su b m o n ta n a s  en C uba C en tra l y  Occi­

d e n ta l ,  Y u c a tá n  y  N o rte  de A m erica C en tra l, e n tre  300 y  800 m  de a ltu ra .

Espécies caracteristicas en Cuba: M a ta yb a  o p p o s itifo lia , A lchornea  la ti fo lia , P seu d o lm e-  
d ia  s p u r ia ,  T ro p h is  racem osa, M a rg a r ila r ia  n o b ilis , T a b eb u ia  sh a feri, A n tirh e a  ra d ia ta , S loanea  
a m y g d a l in a ,  O xandra lanceo la ta , D e n d ro p a n a x  arboreus, M a stich o d en d ro n  fu e t id is s im u m , Z a n -  
th o x y lu m  m a r tin icen se , etc.

A sociaciones e s tu d ia d a s  en  C uba:

M ataybeto -P seudo lined ie tun i spuriae B o rh id i y  B. C apote ass. n.

12. C lase: CEIBETEA O C C ID E N T A L S K n a p p  1964

B osques s iem preverdes estacionales de las llan u ra s  y  zonas co linosas de 
la  re g ió n  del Caribe h a jó  u n  clim a estac iona l con 2 4 meses secos y  1400
2000 m m  de lluv ia an u a l. E s tra to s  arbóreos 2, con em ergentes m a y o rm en te  
d e c id u o s , con m itchas lia n a s  m acró filas, ep ifito s  xero fiticos (T illa n d sia  spp .).

Espécies caracteristicas en Cuba: Ceiba p e n la n d r a , G u a zu m a  u lm ifo lia , L u e h e a  speciosa , 
C a ly c o p h y llu m  c a n d id is s im u m , C edrela  m e x ic a n a , C. c u b a n a , S w ie le n ia  m a h a g ó n i, H ib is c u s  ela- 
tu s ,  C a lo p h y llu m  a n tilla n u m  ssp. a n t i l la n u m , C u p a n ia  g la b ra , L on ch o ca rp u s d o m in g e n s is , L . 
la t i fo l iu s ,  R oystoea  regia, D ip h o l is  sa lic ifo lia , M a stich o d e n d ro n  fo e tid is s im u m ,  etc.

12.1 . O rd en : L O N C H O C A R P O -C E IB E T A L IA  B o rh id i y  M uniz ord . n . 
B osques s iem preverdes estac ionales de las llan u ras  y  cuencas p a n ta n o sa s

en la s  A n tillas  con 2 e s tra to s  arbóreos con a lgunos elem entos deciduos. Espécies 
c a ra c te r is tic a s  del o rden  (en u m erad as  en la clase).

12 .1 .1 . A lianza: G u a z im io - C u p a n io n  B o rh id i y  Del Bisco al. n.
B osques s iem preverdes estacionales m eso-m acrófilos con [tocos e lem en­

to s  deciduos.
A sociaciones e s tu d ia d a s  en Cuba:

H ibisco-C alophylleluiii an tillan ae  D el K isco áss. n.
G uazum o-C eibetum  B o rh id i áss. n.
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Spondiato -R oysto iiie tum  Ciferri 1936 (secundaria) 
M astichodcndro-D ipholictiiin  su licifo liac B orh id i y M uniz ass. n .

12.1.2. A lianza: Ilibisco-Sicietenion m ahagóni Del Risco y  B o rh id i a l. n.
B osques s iem preverdes e stac iona les de las cuencas p a n ta n o sa s  regu lar- 

m e n te  in u n d ad as , con e lem entos n o to -m icró filo s y deciduos.
A sociaciones e s tu d iad as  en C uba:

L ysilom o-M etopietum  brow nei B orh id i y  Del Risco ass. n. 
C alophyllo-Sw ieten ietum  m ahagón i Del Risco ass. n.

12.2. O rden : O X A N D R O -B U R S E R E T A L IA  B o rh id i y  M uniz o rd . n .
B osques sem ideciduos de las A n tilla s  con 2 e s tra to s  a rbó reos; el superio r

de h a s ta  20 25 m de a ltu ra , fo rm ad o  m ay o rm en te  por á rbo les deciduos.
C om unidades m uy  com unes en las zonas lianas y  colinosas, h a jó  u n  clim a 
estac iona l con 3 6 m eses secos y  800 1600 m m  de lluvia a n u a l. Suelos
m a y o rm en te  calizas pedregosas m o d e ra d a m e n te  p ro fundas.

Espécies caracteristicas en Cuba: B u rse ra  si m a r iib a , S p o n d ia s  m o m b in , A n d ir a  in e r m is , 
Cor d ia  collococca, C. g e ra sc a n th u s , C eltis tr in e r v ia , Z a n th o x y lu m  e le p h a n tia s is , C a se a ria  h ir su ta , 
C. sp in e sc e n s , Ja ca ra n d a  coerulea , P ith ece llo b iu m  cubense , S a m a n e a  s a m a n , B u c h e n a v ia  c a p ita ta , 
A m y r i s  elem i f  era, etc.

12.2.1. A lianza: (Iran <!ro - И  urser  ion  B o rh id i y  M uniz al. n.
C arácteres del o rden . A sociaciones e s tu d ia d a s  en Cuba:

M astichodendro-B urseretum  B o rh id i y  M uniz ass. n.
Z ant box v io -B urserc tiiin  B orh id i ass. n.
M astichodendro -T rich ilie tum  h ir ta e  S c h u b e rt e t al. 1979.

13. Glase: T A B E B U IO -B U R S E R E T E A  K n a p p  1964

B osques y  sem idecidous deciduos о fo rm ados por elem entos m a y o rm e n te  
deciduos, con 1 2 e s tra to s  a rbó reos; el su p erio r form ado  por á rb o les  deciduos,
en el in fe rio r se e n e u e n tra n  árboles deciduos о siem preverdes esc leró filo s. Se 
d is tr ih u y e n  en las llan u ra s  y  zonas co linosas, m ay o rm en te  sobre ca lizas  p ed ­
regosas h a jó  un  clim a estac io n a l m a rc a d a m e n te  seco, con 5 7 m eses secos
о h a jó  un  clim a m ás húm edo , pero  cond ic ionados ed áficam en te  en  las areas 
de carso  cónico (pié de m ogotes), de carso  sub co ste ro  (d ien te  de p e rro )  y  en 
zonas arenosas.

Espécies caracteristicas: B u rsera  s im a r u b a , G o ssy p io sp erm u m  praecox, C o rd ia  g e ra sc a n ­
th u s , C eltis tr in erv ia , H ebestigm a cubense, L y s ilo m a  b a h a m e n sis , C atalpa p u n c ta ta , B o m b a c o p sis
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c u b e n s is ,  H ildegaard ia  c u b en s is , T a b e b u ia  espéc. div., P is c id ia  espéc. div . ,  G uetlarda ova ta , D ry-  
p e te s  espéc. div., Sa v ia  s e s s i l i f lo r a ,  H yp e la te  tr ifo lia ta , P ith e c e llo b iu m  len tisc ifo liu m , A lv a ra d o a  
a m o r p h o id e s  ssp. p s ilo p h y lla , con algunas cactáceas en el sottobosque у muchas lianas.

13 .1 . O rd en : T A B E B U IO -B U R S E R E T A L IA  K n a p p  1964
C arácteres de la  c lase .

1 3 .1 .1 . A lianza: L ysilom o-B urserion  s im aru bae  B orh id i al. n.
B osques deciduos m esó filo s subcosteros m a y o rm e n te  m ás a lto s  (15 — 

20 m ) con elem entos s ie in p rev e rd es .
A sociaciones e s tu d ia d a s  en Cuba:

L ysilom o-B ursere tum  sim aru b ae  B orh id i y  D el Risco áss. n.

13 .1 .2 . A lianza: PitheceUobion lentiscifolii Del R isco  al. n.
B osques deciduos in ic ró filo s  sobre d ien te  de p erro , m ay o im en te  de u n a  

a l tu r a  de inenos de 15 m ., p o b re s  en espécies.
Asociaciones e s tu d ia d a s :

S pond ia to -P ithecellob ie tun i lentiscifolii B o rh id i y  Del Risco ass. n.

14. C lasc: CO CCO TH RIN A CETO -PLU M ERIETEA  K n a p p  1964 em . B orh id i

B osque arbu sto so s b a jo s  por p arte  d ec id u o s, ricos en lianas y  en e lem en­
to s  siem preverdes esc le ró filo s , nom inados en la  l i te ra tu ra  m ay o rm en te  coin 
“ m o n te  seco” . Crecen m ay o rm e n te  sobre ca liza  e rosionada, c lim â ticam en te  
co n d ic io n ad o s, en las te r r a z a s  costeras y  su b c o s te ra s  y  en los m ogotes, baj о u n  
c lim a  estacional con 7 9 m eses secos, f re c u e n te m e n te  b ixérico, y  600 1200
m m  de lluv ia anua l, о se h a lla n  en clim as m as hûm edos m onoxéricos, con­
d ic io n ad o s  ed à ficam en te  en  paredones y  to p e s  de carsos cônicos (m ogotes).

K n a p p  incluyô en  e s ta  clase los p inares a ren o so s  y  serpen tinosos ta m b ié n , 
q u e  ob v iam en te  ni p o r c r ité r io s  fisionóm icos n i p o r  com posición flo ris tic a  pue- 
d e n  pertenecerse  en e s ta  u n id a d , sino re p re s e n ta n  u n a  clase co m p le tam en te  
d i s t in ta :  B yrson im o-P inetea . Las com unidades de e s ta  clase de d is tr ib u y e n  en 
la s  A n tille s  y B ah am as.

Espécies caracteristicas: C occo thrinax  espéc. div., P lu m e r ia  espéc. div., B u m e lia  espéc, 
div., Coccoloba d ivers ifo lia , C a n e lla  w in te ra n a , O m phalea  espéc. div., B ursera  s im a ru b a , A te ra m -  
n u s  lu c id u s ,  G ym inda  la ti fo lia , C rossope la lum  rhacom a, E u g e n ia  m aleolens , A m y r is  b a lsa m ife ra , 
T a b e b u ia  m yrlifo lia , J a c q u in ia  b re v ifo lia , J .  k eyen s is , G u a ja c u m  o ffic in a le , G. sa n c tu m , E ry th -  
ro x y lo n  espéc. div., C a p p a r is  espéc div., M a lp ig h ia  espéc. d iv., K ru g io d en d ro n  fe r r e u m , G r im - 
m e o d e n d ro n  eg landu losum , T h r in a x  espéc. div., P ic ro d e n d ro n  espéc. div., M e lo p iu m  b ro w n ei, 
G u a p ir a  (T orrub ia ) espéc. div., L a n ta n a  invo lucra ta , C o rd ia  espéc. div., B o u rreria  su c c u la n ta . 
F ic u s  ja c q u in ifo lia , H ip p o m a n e  m a n cin ella , D io sp y ro s  g r ise b a c h ii, Se lenicereus g ra n d if lo r u s ,  
P ilo so c e re u s  espéc. div., D e n d ro c e re u s  n u d iflo ru s .
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14.1. O rden : E U G E N IO -M E T O P IE T A L IA  T O X IF E R 1  K n ap p  1964
B osques arbustosos subcosteros de las A n tillas y B aham as.

Espécies caracteristicas en Cuba: M e to p iu m  b ro w n ei, M . to x ife ru m , T h r in a x  ra d ia ta . 
C occo lhrinax  b o rh id ia n a , C. lito ra lis , C. f r a g r a n s , P lu m e r ia  ob tusa , P. k e y e n s is , P. tubercu la ta , 
O m pha lea  tricho tom a , K ru g io d e n d ro n  fe r r e u m , G rim m eodendron  eg la n d u lo siim , P icro d en d ro n  
m a c ro c a rp u m , C a lyp tra n th es p a lle n s , C. d o decandra , C olu b rin a  arborescens, C. e ll ip tic a , C. cuben- 
s i s , G u a p ira  lo n g ifo lia , C astela  espéc. div., Coccoloba d iv e rs ifo lia , D ip h o lis  s a lic i fo lia , B u m e lia  
c e la s tr in a , P . glom era ta  ssp. h o rr id a , P o u teria  d o m in g e n s is , T h o u in ia  espéc. div., C roton  lu c id u s .

14.1.1. A lianza: Eugenio-Capparidion  B o rh id i al. n.
B osques arbusto so s subcosteros de las A ntillas M ayores so b re  ca liza  de 

m ad re p o ra  en las te razas  calizas cercanas a las costas. Se c a ra c te r iz a n  p o r la 
p a rtic ip ac ió n  de árboles deciduos y  s iem preverdes, pa lm as, de fru tic e s  siem pre- 
verdes p o r p a r te  espinosos y  de algunas cac táceas  co lum nares о a rb o rescen tes  
y  o tro s  sucu len tas.

Espécies caracteristicas: C a p p a r is  f le x u o s a ,  C. cynopha llophora , P ic ro d e n d ro n  m acro­
c a rp u m , C o lubrina  e llip tica , H ip p o m e n e  m a n c in e lla , T a b eb u ia  m y r tifo lia , K ru g io d e n d ro n  f e r ­
re u m , G rim m o d en d ro n  e g la n d u lo su m , E u g e n ia  m a leo len s, Coccoloba d ive rs ifo lia , C a ta lp a  p u n c ­
ta ta , B o u rre r ia  su ccu len ta , C ordia  g a leo ttia n a , C. sebestena, O p u n tia  d ille n ii s.l.

A sociaciones e s tu d iad as  en C uba:

P icrodendro -B ursere tu iii s im aru b ae  D el Risco áss. n.
G rim m eodendro-G ochnatie tu in  sag raean ae  B orliidi áss. n.
K ru g iodendro -D rype tetu in  Ciferri 1936
Sarco iiiphalo -Iíeynosie tu in  sep ten triona lis  B orhidi áss. n.

14.2. O rden : B O M B A C O P S I-T H R IN A C E T A L IA  B orh id i o rd . n .
B osques arbustosos secos, frecu en tem en te  ab ierto s, de C uba O cciden ta l 

con p a lm as, árboles deciduos, xero fíticos о p rov is to s  de organos a p to s  p a ra  
accum ulación  de agita, ricos en su cu len tas  m ay o rm en te  ra s tre ra s  о ro su lad as, 
y  en lianas. E l e s tra to  herbáceo  a m en u d o  esta  form ado po r b ro m eliáceas  
ep ifíticas.

Espécies caracteristicas: T h r in a x  m o rr is ii,  B o m b a c o p sis  cubensis , E r y lh r in a  cu b en sis , 
A g a v e  tu b u la ta , T h o u in ia  nervosa , Tabebu ia  a n a fe n s is ,  T . calcicola, P lu m e r ia  n ervo sa , T e rm i-  
n a lia  neglecta, A te ra m n u s  b rachypodus, O p lon ia  p u rp u ra sc e n s , Leptocereus  espéc. div., V itex  
d iva r ic a ta  ssp. cubensis , C eltis ig u a n a ea , P r is tim e ra  coriacea, C uervea in teg rifo lia , P s id iu m  scopu- 
lo ru m , B ochefortia  sp in o sa , L a n ta n a  slrigosa , M a lp h ig ia  ro ig iana .

14.2.1. A lianza: Spathelio-G aussion  B o rh id i al. n.
B osques arbustosos de m ogotes de C uba O ccidental, que crecen  sobre 

caliza  ju rá s ic a  “ azu l”  m u y  d u ra  (S ierra  de los O rganos, S ierra  de  la  G üira , 
P a n  de G uaja ibón). Sus com posición f lo ris tica  es inuy  rica en espécies con a lto  
p ro c ien to  de endém icos.
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Espécies caracteristicas: S p a th e lia  b r itto n ii, G a u ss ia  p r in c e p s , C era topyx is  v er tic illa ta , 
B u r  sera  sh a fe r i, E k m a n ia n th e  a c tin o p h y lla , P o rtla n d ia  p e n d u la ,  G uettarda calcicola, E u g e n ia  
g a lea ta , E . crista ta , L obe lia  c u b a n a , T e lra zyg ia  lanceolata  s . l . ,  L a n ta n a  slrigosa , A u ero d en d ro n  
a c u m in a tu m , B o u rrer ia  m u c ro n a ta , B .  p o ly n e u ra , L ep to cereu s  a ssurgens, L . e k m a n ii ,  V riesea  
d is s i t i f lo r a ,  O m phalea  h y p o le u ca , A n c is lra n th u s  h a rpoch ilo ides.

A sociaciones e s tu d ia d a s :

C eratopyx i-G aussietum  principis B orh id i ass. n.
V rieseo-B om bacopsidetum  cubensis B o rh id i ass. n.
B om bacopsi-G aussietum  principis B orh id i ass. n.

14.2.2. A lianza: T l i r in a c io n  m o r r i s i i  B o rh id i al. n .
B osques a rb u sto so s de m ogotes sobre ca lizas b lan d as  te rc iá rias  de C uba 

O cc id en ta l (S ierra del R o sa rio , S ierra de A nafe, M ogotes de T ap aste  y J a ru c o , 
A ltu ra s  de H a b a n a  y  M atan zas) pobres en espécies y  con b a jo  p o rc ien to  de 
endem icos.

Espécies caracteristicas: C ellis  tr in e rv ia , C ordia g e ra sc a n th u s , H ebestigm a cubense, G ossy- 
p io s p e r m u m  praecox, T a b e b u ia  m y r li fo l ia , T . a n a fe n s is , L ep to cereu s leon i, E u g en ia  espéc. div., 
T o u rn e fo r tia  m a cu la ta , F ic u s  la ev ig a ta , P se u d o ca rp id iu m  n e g le c lu m , S a p iu m  leu c o g y n u m , P ic - 
ra m n ia  p e n ta n d ra ,  etc.

A sociaciones e s tu d ia d a s :

B o m b acopsi-T hrinac teum  m orrisii B o rh id i e t  M uniz ass. n.
C eltid i-H ebestigm en tum  cubensis B orh id i ass. n.

14.3. O rden : T A B E B U IO -C O C C O T H R IN A C E T A L IA  B orh id i e t M uniz ord . n.
B osques a rb u sto so s de m ogotes sobre calizas te rc iá ria s  en las m o n tan as  

de C u b a  C entral y O rien ta l (S ie rra  de E scam b ray , S ie rra  M aestra . M ogotes del 
M asizo S agua-B aracoa) ricos en espécies y  con a lto  po rc ien to  de endém icos; 
ricos en  pa lm as, á rboles y  a rb u s to s  esclerófilos y  lia n a s , a m enudo con cac tâceas  
co lu m n ares , pero sin b ro m eliáceas  ep ifiticas en el e s tra to  herbáceo , sino eon 
im a a b u n d a n c ia  de P ileas.

Espécies caracteristicas: C occo lhrinax  espéc. div., H e m ith r in a x  com pacta , T a b eb u ia  espéc. 
div., Z a n th o x y lu m  co ria ceu m , G esn eria  heterochroa, G. c u b en s is , P h y lla n lh u s  e p ip h y lla n th u s  ssp. 
d ila ta tu s , N eobracea su s a n n in a ,  N .  h o w a rd ii, E u p a to r iu m  c a rs tico lu m , S y n a p s is  ilic ifo lia , T h o u i-  
n ia  espéc. div., E u le r ia  lé trá m éra , Se lenicereus u rb a n ii, M a rc g ra v ia  rec tiflora , S a v ia  erythro- 
x y lo id e s  var. p a rv ifo lia , G arry  a f a d y e n i i ,  P ilea  espéc. div.

14.3.1. A lianza: Tabebuio-Coccothrinacion  B o rh id i y  M uniz al. n.
B osques de m ogo tes re p re se n ta d as  en  a re a s  m ay o rm en te  a is lad as  por 

asoc iac iones v ic a r ia n te s , c o m p u es ta s  de espécies d is tin ta s  de m ism os géneros, 
с о т о  Coccolhrinax, Tabebuia , P ilea, Gesneria, T h o u in ia  e tc . E n  las cu m b res  
m as e lev ad as los e lem en to s  de los bosques de m o g o te  se en trem esc lan  con
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espécies de p luv is ilv as  in o n ta n a s  fo rm ando  c o m u n id a d e s  especiales de niogo- 
tes  a ltos.

A sociaciones e s tu d ia d a s :

C occothrinacio-T abebuietum  albieantis B o rh id i y  M uniz ass. n .
Tabebuio sau v a lle i-G arry e tu ra  B orh id i e t M uniz ass. n.
E k iiian io -E ry tliroxy le tiiin  baracoënsis B orh id i ass. n.

14.4. O rden : L A N T A N O -C O R D IE T A L IA  B o rh id i o rd . n.
M atorrales costeros y  cársicos m uy secos sobre caliza v in cu lad o s a la 

zona sem idesertica , haj о u n  clirna m onoxérico , en C uba m ay o rm en te  h ixérico , 
fo rm ado  por a rhustos y  á rb o les  pequenos deciduos о m ay o rm en te  esclerófilos, 
m icro-nanófilos y  esp inosos. Se d is trih u y en  en to d a s  las A n tillas y  B ah am as, 
m ay o rm en te  en las te r ra z a s  subcosteras m uy  secas.

Espécies caracteristicas: L a n la n a  espéc. div., C ordia  espéc. div., J a c q u in ia  berterii, Cro­
w n  espéc. div., P se u d o c a rp id iu m  espéc. div., G u a ja c u m  o ffic in a le , B u rse ra  g la u ca , G uetlarda  
espéc. div., H a itie lla  espéc. div., C occo lhrinax  espéc. div., E u g e n ia  espéc. div., S p iro teco m a  sp ira ­
lis , T a b eb u ia  espéc. div., M e lo c a c tu s  espéc. div., M a y te n u s  b u x ifo lia  ssp. cuch learifo lia , O plon ia  
espéc. div., B ello n ia  espéc. d iv., D io sp y ru s  g r iseb a ch ii, Catesbaea  espéc. div., Leucocroton  
m ic ro p h y llu s .

14.4.1. A liauza: Lantano-Cordion  B orhid i al. n.
M atorrales costeros m o d e rad am en te  secos, m icró filos, con pocos elem en- 

tos espinosos. E n  C uba se en cu en tran  m a y o rm en te  en las costas rocosas de 
C uba C en tra l y  O cciden ta l.

Espécies caracteristicas: C o rd ia  sebeslena, C. g a leo ttia n a , C. globosa  ssp. h u m il is ,  L a n ta n a  
in vo lu cra ta , S a v ia  b a h a m en sis , O p lo n ia  tetrasticha, L in ó d é r a  b u m e lio id es , C a e sa lp in ia  p a u c iflo ra ,  
M a lp ig h ia  p o lle n s , T abebuia  m y r t i fo l ia ,  T . capotei, V ite x  espéc. div.

A sociasiones e s tu d ia d a s :

L inociero -S av ietum  bah am en sis  B orh id i y Del Risco ass. n .
T abebuio-V iticetum  g u an ahacab ibensis  B o rh id i et C apote ass. n.

14.4.2. A lianza: Pseudocarpidio-G uettardion  B o rh id i et M uniz al. n.
M atorrales m uy  secos fo rm ados por a rh u s to s  y  arbo lito s m icro-, nano- y

lep tó filos y  espinosos m a y o rm e n te  sobre te r ra z a s  calizas rocosas, con u n a  p a rti- 
cipación  n o tab le  de c a c tâceas . E n  Cuba se e n c u e n tra n  en las co stas  de N orte  
y S ur de O rien te .

Espécies caracteristicas: P seu d o ca rp id iu m  a v ic en n io id es , P . m u llid e n s , C ordia  leuco- 
sebestena, C. curbeloi, C. p u lv e ru le n ta , G uetlarda cueroensis , G. c o x ia n a , G. r ig id a , T h o u in ia  
p se u d o p u n c ta ta , T . stric ta , H onde le tia  a c u m in a ta , R .  in g ra ta , M y r tu s  o o n o p h y lla , G u a ja cu m  
o ffic in a le , 7 abebuia lib a n e n s is , T .  p o ly m o rp h a , C occolhrinax  a le x a n d r i, C. m u n iz i i ,  C a llicarpa  
bucheri, P lu m er ia  lana ta .
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A sociaciones e s tu d ia d a  en C uba:

G u etta rd o -C o cco th rin ace tu m  m unizii B orh id i e t M uniz ass. n.
P seu d o carp id io -G uette rde tum  cueroensis B o rh id i ass. n.
E ry th rox y lo -C o cco th rin ace tu m  alexandri B orliid i y  M uniz ass. n.

14 .4 .3 . A lianza: Crotono-Lantanion  B orhid i al. n.
M atorra les m uy secos, n a tu ra le s  о a n tro p ic a m e n te  +  in flu en c iad o s, for- 

in a d o s  p o r arhustos m icro -, nano - y  lep tó filos soh re  suelos poco profundos 
a re n o so s , con menos c a c tá ce a s  y  e lem entos espinosos. Se d is tr ib u y e n  en tod as 
las  A n tille s , en Cuba esp ec ia lm en te  en las costas de M atanzas y  S u r de O rien te .

Espécies caracteristicas en Cuba: C roton lito ra lis , C. l ito ra lis  ssp. ru g e lia n u s , C. b e tu lin u s , 
C. c o ra llic o la , C. ro sm a rin o id es , C . m y r ic i fo l iu s , C. te n u ir a m is , C. s te n o p h y llu s , C. e x c isu s , C. 
p u n c ta tu s ,  L a n ta n a  p a rv ifo lia , L .  in vo lu c ra ta , L . a rid a , C ord ia  globosa  ssp. h u m il is ,  C. lepto- 
c la d a . C . corallicola, C. b r itto n ii , N e e a  sh a fe r i, H e lio tro p iu m  te rn a tu m , E u g e n ia  co w ellii, M y r lu s  
c a b a n a sc n s is , T h o u in ia  leo n is , M o llu g o  c u n e ifo lia , C a llicarpa  bucheri, etc.

A sociaciones e s tu d ia d a s  en  C uba:

E ugen io -C ro tonetum  ro sm arin io id is  B orh id i y  M uniz ass. n.
C ordio-C rotonetum  stenophyllo id is B orh id i ass. n.
H elio trop io -P ithecellob ie tum  hystricis B orh id i ass. n.

15. C lase: COCCOLOBETEA U V IF E R A E  Del R isco cl. n.

M ato rra les о bosques s iem p rev erd es m on o d o m in an tes  de las co stas  areno- 
sas de  las A ntillas, B a h a m a s  y  F lo rid a . P o r su f is io n o m ia , e s tru c tu ra  fo rm ad a  
p o r  u n  solo es tra to , c a r â c te r  deciduo , y  com posic ión  m uy  pobre  en  espécies, 
d e b e  co n sid erarse  u n a  c lase  se p a ra d a  de la  C occothrinaci-P lum erietea, a l cu á l 
fu e  c la s ificad o  por K n a p p . E sp éc ies  c a ra c te r is tic a s  del o rden .

15.1. C O C C O LO B ETA LIA  U V IF E R A E  K n ap p  1964
C arácteres de la  c lase : E s te  orden o rig in a lm en te  fue c lasificado  por 

K n a p p  d en tro  de la clase C occothrinaci-Plum erietea.

Espécies caracteristicas: Coccoloba u v ife ra , L eu ca en a  leucocephala , T h e sp e s ia  p o p u ln e a , 
E r i th a l i s  fru tic o sa , H ip p o m a n e  m a n c in e lla , C onocarpus erecta, B u rsera  s im a ru b a , C h ryso b a la n u s  
icaco , C rossope ta lum  rhacom a , T h r in a x  rad ia ta .

15.1 .1 . A lianza: Coceolobion uviferae B orh id i y  M uniz al. n.
C arác te res de la clase. A sociaciones e s tu d iad as  en C uha:

Coccolobetum  uv ife rae  (G leason  y Cook 1929) Ciferri 1936
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C occolobo-Thriiiacetuiii rad ia lac  B orh id i y  M uniz ass. n. 
B ursere to -T hrinaee tim i rad ia lac  Borhidi y  M uniz ass. n.

T hrinax  w en d la iid ian a -B u rsera  s im á m b a  Gcs. S ch u b ert e t  a l. 1979.

15.1.2. A lianza: Leucaenion leucocephalae B orh id i y M uniz al. n .
M atorrales о busqués bajos densos costeros de las costas a ren o sas  ligera 

m en te  arcillosas о fangosas.
A sociaciones e s tu d ia d a s :

L eucaenetum  leucocephalae (S toffers 1956) B orhidi у M uniz

16. Glase: BYRSONIM O-PINETEA CA R1BA EA E S am ek e t B o rh id i cl. n.

P inares y  en c in a res  de llan u ras  y  a ltu ra s  b a ja s  en H o n d u ra s , N ica rag u a , 
C uba occiden ta l, B ah am as y  F lo rid a , sobre suelos ácidos de a re n a s  b lancas, 
p iza rra s  y  la to so les, ra ra m e n te  sobre calizas. Los bosques o rig in a les  m ay o r­
m en te  e stan  a n tro p ic a m e n te  destru id o s о m odificados en sa b a n a s .

Espécies caracteristicas: P in u s  caribaea  s.l., P . tro p ic a lis , P . e llio ttii, Q u ercu s  o leoides s.l., 
Q u. m in im a , Qu. m y r ti fo l ia , Q u. p u m i la ,  B y r so n im a  c ra ss ifo lia  y  espéc. div., C u ra te lla  am erica n a , 
C occo thrinax  espéc. div., M y r ic a  cerifera , M ic o n ia  ib a g u en s is , M . sp len d en s , C onosteg ia  xala- 
p e n s is ,  B le ch n u m  se rru la tu m  ssp. ro ig ii, P te r id iu m  c a u d a tu m , A nd ro p o g o n  espéc. div., A r is l id a  
espéc. div., R h yn c h o sp o ra  espéc. div., T ra ch yp o g o n  espéc. div., L e p to c o ry p h iu m  la n a tu m , A xo -  
n o p u s  espéc. div.

16.1. O rden : P IN E T A L T A  T R 0 P 1 C A L IS -C A R IB A E AE S am ek  cm . B orh id i
o rd . n. P in a re s  de C uba O cciden ta l e Is la  de Pinos.

Espécies caracteristicas: P in u s  caribaea  ssp. caribaea , P . trop ica lis , C o cco th r in a x  m ira-  
g u a m a  ssp. aren ico la , P a c h y a n th u s  p o ire tii ,  P . cu b en s is , P . tvr igh tii, R o n d e le tia  corre ifo lia , 
V a c c in iu m  cubense  ssp. r a m o n ii ,  P urd iaea  c u b en sis , T e lra zy g ia  delicatu la , H y p e r ic u m  s typ h e lio i-  
des, H y p t is  m in u t i fo l ia ,  P a ra th e s is  cubana , T a b eb u ia  lep id o p h y lla , S achsia  p o ly c e p h a la , A n d ro ­
p o g o n  g ra c ilis , A .  v ir g in ic u s , A r is t id a  ré fracta , A .  v i l f i fo l ia ,  A ru n d in e lla  d e p p e a n a , M esose lum  
lo liifo rm e , etc.

16.1.1. A lianza: Acoelorrapho-Pinion tropica lis  Sam ek al. n.

P inares a b ie rto s  о cerrados de las p iz a rra s  d u ras  y a renas b la n c a s , cuazo- 
sas , fac ilm en te  sab an izab le s , d is trib u id as  en la Isla de P inos, en  el S ur de la 
P ro v . P in a r del R io  e Is tm o  de G u an ah acab ib es , donde d esa p a re c ie ro n  casi 
p o r com pleto  en los u ltim o s anos. Se e n c u e n tra n  tam b ién  en la p a r te  occ iden ta l 
y  su r-o cc id en ta l de la S ie rra  de los O rganos, sob re  p izarras c r is ta liz a d a s , duras.

Espécies caracteristicas: P in u s  tro p ica lis , A coe lorraphe  w righ tii, C o lp o th r in a x  w rig h tii, 
C haeto lep is cubensis , M ic o n ia  a n d ro sa etn ifo lia , C u p h ea  p seu d o silen e , P a c h y a n th u s  cu b en s is , Cro-
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Ion  c e r in u s , C. c raspedo trichus, B y r s o n im a  verbascifo lia , B . p in e to r u m , B . w rig h tia n a , C a ly p tra n - 
thes p in e to r u m , M eloch ia  s a v a n n a r u m , B e fa r ia  cubensis , P a v o n ia  in le rm ix la , L y o n ia  v a c c in io i. 
des, P o ly g a la  sq u a m ifo lia , P . w r ig h tii .

A sociaciones e s tu d ia d a s :

P a e p a la n th o -P in e tu m  trop ica lis  Sam ek 1909
E rag ro s ti cu b en si-P in e tu m  tropicalis S am ek  a p . H ad ac  1971

16.1.2. A lianza: lilechno-Acoelorraphion w rig litii  H ad ac  1971 
P a lm a re s  en lu g e ra s  p a n ta n o so s  о cenagosos, d istró ficos u  o ligo tróficos

sob re  tú r b a  о m ay o rm en te  so b re  arena b lan ca  h u rn ed a  о in u n d ad a . C om uni- 
dad es — ricas en espécies.

Espécies caracteristicas: A co e lo rra p h e  w r ig h tii , C o lp o th r in a x  w r ig h tii, M y r ic a  cer ifera , 
B le c h n u m  se rru la tu m .

A sociaciones e s tu d ia d a s  on Cuba:

B lechno-A coelo rraphe tim i wriglitii H ad ac  1971
C hrysobalano-C olpo th rinacetum  w riglitii B o rh id i y  R. C apote ass. n.

16.1.3. A lianza: N eoniazaeo-Pinion caribaeae B o rh id i al. n.
P in a re s  cerrados sob re  la to so les  y  se rp e n tin a s  de la  S ierra de C a ja lb an a .

Espécies caracteristicas: N e o m a za e a  p h ia la n th o id es , N .  t in i fo lia , P s id iu m  c y m o su m ,  
T e tra zy g ia  coriacea, C occo thrinax  y u r a g u a n a , P h a n ia  c a ja lb a n ica , A g a ve  ca ja lb a n en sis , G esneria  
fe r r u g in e a ,  S a u va lle lla  im m a r g in a ta , M itra c a rp u s  g labrescens, H y p e rb a e n a  colum bica , T a b eb u ia  
le p id o ta , E u g e n ia  r ig id ifo lia , J a c q u in ia  brunnescens, B o n d e le tia  long isepa la , P h y lla n th u s  orb i­
c u la r is , V e rn o n ia  va len zu e la n a , V . c u b en s is , H e p ta n th u s  ra n u n c u lo id e s , Lesca illea  e q u ise tifo rm is , 
R h e e d ia  fr u t ic o s a ,  E ry th ro x y lu m  m in u t i fo l iu m ,  A n e m ia  c a ja lb a n ica .

A sociaciones e s tu d ia d a s :

N eoiiiazaeo-P inetum  ca rib aeae  (Sam ek 1969) B o rh id i 
(S y n .: P inetum  caribaeae cajalbanensis ty p icu m  Sam ek)
G u etta rd o  v a len zu e lan ae -P in e tu m  B orh id i ass. n.
A gavo ca ja lb an en s i-P iiie tiim  caribaeae S am ek  1969

16.1.4. A lian za : Pachyantlio poiretii-P in ion  caribaeae  B orh id i y  C apo te  
al. n.
P in a re s  de las aren iscas  d u ra s  y  esqu is to sas  (fo rm áció n  “ San C ay e ta n o ” ) 

en las A ltu ra s  p izarras  de la s  S ierras de los O rg an o s y  del R osario , m o n o ­
d o m in a n te s  о con la  c o d o m in an c ia  del encino cu b an o .

Espécies caracteristicas: P in u s  caribaea, Q uercus o leo ides ssp. sagraeana, P a c h y a n th u s  
p o ir e t i i , P . cubensis , C lid em ia  neg lec ta , V a cc in iu m  cubense  ssp. ra m o n ii , C lidem ia  s tr ig illo sa , 
O don tosoria  w rig h tia n a , M ic o n ia  ib a g u e n s is , M . p ra s in a , P h a n ia  m a trica rio id es, O ssaea p a rv i-  
fo l ia ,  R h u s  c o p a llin a  ssp. leu c a n th a , X y lo p ia  arom atica .
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A sociaciones e s tu d ia d a s :

Q uerco-P inetum  caribaeae  S am ek Borhitii y  C apo te  ass. n. 
Q iierco-P inetum  trop ica lis Sam ek  ass. n.
P inetiim  trop icalis Sam ek 1969 
P ine tiim  carib aeae  Sam ek 1969
B yrson im o-P inetum  trop ica lis-caribaeae  B orh itli e t  C apo te  ass. n.

16.2. O rden : Q U E R C E T A L IA  O L E O ID IS  B orh id i o rd . n .
E nc in ares  esclerófilos siem preverdes de las lla n u ra s  y  a ltu ra s  h a ja s  en 

H o n d u ra s  y  N icarag u a , M exico, C uba O ccidental y  F lo rid a .

16.2.1. A lianza: Quercion sagraeanae  B orh id i y  C ap o te  al. n.
E n c in a res  siem preverdes de C uba O cciden ta l, so b re  suelos p ro fundos de- 

r iv ad o s  de aren iscas (fo rm áción  “ C ay etan o ” ) о en suelos p a rd o -am arillo s  areno- 
sos. E n  su com posición flo ris tic a  se unen espécies de p in a re s  y  de los bosques 
tro p ica les  sem ideciduos.

Espécies caracteristicas: Q uercus oleoides ssp. sagraeana , X y lo p ia  a rm in ie n , A m a io u a  
corym bosa , A lib e r lia  e d u lis , M ic o n ia  ib a g u en s is , M . sp len d cn s , H e n rie tten  p a tr is ia n a , P ithecello- 
b iu m  cubense, T ab eb u ia  le p id o p h y lla , D id y m o p a n a x  m oro to ton i, D a v illa  rugósa , C lid em ia  espéc. 
div., E u g e n ia  p u n ic ifo lia , P s id iu m  sa lu ta re , Conostegia x a la p e n s is , E u g e n ia  fa ra m e o id e s , Cocco- 
c y p s e lu m  h ir s u tu m , C lusia  m in o r , C ordia  lin ea ta , etc., A n d ro p o g o n  espéc. div., Ic h n a n th u s  m aya-  
re n s is , Sc leria  cu b en sis , R h yn ch o sp o ra  cephalotoides.

A sociaciones e s tu d iad as :

M iconio ibaguensi-Q uercetum  sag raeanae  B orh id i y  C apote  ass. n. 
R hynchosporo-Q uercetum  sag raean ae  B orh id i ass. n.

17. Clase: C A SE A R 10-PIN E T E A  CUBENSIS B o rh id i y  M uniz cl. n.

P in ares  de C uba O rien ta l sobre suelos p rim ario s  о la toso les àcidos de- 
r iv a d o s  de se rp en tin a  con im a  com posición flo ris tic a  r iq u is im a  de m uy  alto  
p o rc e n ta je  de endém icos.

Espécies endémicas: P in u s  c u b en s is , C occotbrinax o r ie n ta lis , B a c tr is  cu b en sis , L y o n ia  
m a c ro p h y lla , L . g la n d u lo sa , L .  m y r in i fo l ia ,  C asearia  c ra ss in e rv is , C. m o a en sis , C. oph ilico la , 
C lerodendron n ip en se , G esneria duchartreo ides, G. p a c h yc la d a , G. n o r lin d ii ,  C lerodendron n ip en se , 
G alac tia  rud o lp h io id es, Ossaea p a u c if lo ra , M y r tu s  e k m a n ii ,  M . o p h ilic o la , R o n d ele tia  canelli- 
fo l ia ,  R .  sle lla la , O uratea s tr ia ta , A n e m ia  coriacea s . l . ,  E u p a to r iu m  a y a p a n o id e s , E . la n ta n i-  
fo l i u m ,  E . p o ly s tr ic tu m , E u g e n ia  p in e to ru m , B accharis sco p a rio id es , B .  sh a fe ri, V ern o n ia  espéc, 
div., O dontosoria acu lea ta , B isg o ep p e r tia  scandens, V a cc in iu m  cubense  ssp. cubense , V. a la in ii .  
S c h m id to ttia  sh a fe r i, J a ca ra n d a  arborea, Coccoloba slia feri, S ip h o c a m p y lu s  espéc. div., etc.
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17.1. O rd e n : P IN E T A L IA  C U B E N S IS  B orh id i у M uniz o rd . n.
C arac tè res  de la clase.

17 .1 .1 . A lian za : G uettardo-Pinion cubensis B orh id i al. n.
P in a re s  xero térm icos de a ltu ra s  h a ja s  sobre la toso les y  los p in a res  ah iertos 

sax ico la s  de serp en tin as , con u n  e s tra to  a rb u stiv o  siem p rev erd e  desarro llado , 
fo rm a d o  p o r los e lem entos endém icos de los m a to rra les  de las se rp en tin as  de 
C uba o r ie n ta l (charrascales).

Espécies caracteristicas: A n e m ia  coriacea  s.l., C asearia  espéc. div., E u p h o rb ia  helenae, 
T a b e b u ia  s im p lic ifo lia , P lu m e r ia  c lu s io id e s , C lerodendron n ip en se , D ra ca en a  cu b en s is , G uettarda  
c ra ss ip e s , G . m onocarpa, G. fe r r u g in e a ,  A g a ve  sh a fe r i, A r ia d n e  sh a fe r i, T a b e b u ia  p in e to ru m ,  
R h e e d ia  o p h itic o la , E u g en ia  cyc lo idea , M o u r ir i  e m a rg in a ta , L in o d e n d ro n  a ro n ifo liu m ,  etc.

A sociaciones e s tu d ia d a s :

A nem io coriaceae-Pinetum  cubensis (Sam ek 1974) B orh id i
Euphorbio helenae-Pinetum  cubensis (Sam ek 1974) B orh id i
A gavo shaferi-Pinetum  cubensis (Sam ek 1974) B orh id i
Draeaeno-Pinetum  cubensis B orhidi áss. n.

17 .1 .2 . A lianza  : A ndropogoni-Pinion c u b e n s is  B orh id i al. n.
P in a re s  mesofilos y  m o n ta n o s  de Cuba O rien ta l sobre la toso les de ser­

p e n tin a s , con arboles s iem p rev erd es  cn trem ezclados y  u n  e s tra to  erbáceo de- 
s a ro lla d o .

Espécies caracteristicas: P in u s  c u b en s is , T a b eb u ia  d u b ia , S c o lo sa n th u s lu c id u s , S p iro te-  
com a  a p ic u la ta , H iero n ym a  n ip e n s is ,  C lethra cubensis , G ua tter ia  cu b en sis , M e tte n ia  espéc. div., 
M ic o n ia  cerasiflo ra , M . obovata, O ssaea  ru fe scen s , 0 .  m u n iz i i ,  0 .  p in e to ru m , 0 .  p se u d o p in e to ru m ,  
C o rd ia  p e d u n c u lo sa , C. u te r m a rk ia n a , C. m o a en sis , C. to a en sis , A ls o p h ila  a q u lin a , N ephelea  
p u b e sc e n s , E u p a to r iu m  g ra n d ic e p s , P sy c h o tr ia  m o a en sis , L y o n ia  obovata, L .  m a c ro p h y lla , L . 
lo n g ip e s , C estru m  buxoides, C a lyc o g o n iu m  g riseb a ch ii, C yrilla  n ip e n s is ,  M y r ic a  sh a fe r i, I le x  m ac- 
f a d y e n i i ,  etc.

A sociaciones e s tu d ia d a s :

R hynchosporo-Pinetum  cubensis (Sam ek 1974) B orh id i
Shafero-Pinetum  cubensis B orh id i y  M uniz ass. n.

18. C lase: P H YLLANT HO-NEOB RACETE A VALENZUELANAE B orh id i y  
M uniz cl. n.

M ato rra les  s iem p rev erd es, m ay o rm en te  espinosos de se rp e n tin a s  en las 
l la n u ra s  y  a ltu ras  h a ja s  a m ed ian as  de C uba, fo rm ados po r a rh u s to s  y  arbo litos 
esc leró filo s m icro-, nano - y  lep tó filo s  con m uchos elem entos espinosos y  alto  
p o rc e n ta je  de espécies en d ém icas.
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Espécies caracteristicas: P h y lla n th u s  orb icu laris  y espéc. div., N eobracea v a le n zu e la n a , 
M o a cro to n  espéc. div., L eucocro ton  espéc. div., H a rp a lyce  espéc. div., B u x u s  espéc. div., Cocco- 
loba  espéc. div., E u p h o rb ia  (sect. E u p h o rb io d en d ro n ), E ry lh ro x y lo n  m in u t i fo l iu m , A n n o n a  bul- 
la ta , M y r tu s  a n o m a la , T a b eb u ia  le p id o ta , N o todon  espéc. div., P isc id ia  c u b en s is , M a lp ig h ia  
n u m m u la r  i i f  a lia . M . c n id e , R o n d e le tia  cam arioca , K. sa v a n n a ru m , C y n a n c h u m  o p h itic o la , C. 
o r ie n te n s is , P assiflo ra  c u b en s is , Z a n th o x y lu m  d u m o su m , B o u rrer ia  d iva r ic a ta , B . m ic ro p h y lla , etc.

18.1. O rden : A R IA D N O -P H Y L L A N T H E T A L IA  B o rh id i у  M uniz ord . n.
M atorrales espinosos de las llan u ras , zonas colinosas y  a ltu ra s  m ed ianas

de las m o n tan as de se rp e n tin a s  en C uba O rien ta l, fo rm ados p o r espécies y 
generös endém icos sobre suelos pedregosos esqueléticos (rendz inas de se rp en ­
t in a )  о latosoles m uy  m ad u ro s con e s tra to s  de m ocarrero . El o rd en  es m uy  
rico  en com unidades, y  estu d io s  fu tu ro s  v a n  a se rv ir p a ra  la  d is tin c ió n  de 
a lianzas varias.

Espécies caracteristicas: A r ia d n e  sh a fe r i s.l., P h y lla n th u s  rnyrtillo ides  s.l., P h . cham ae- 
cris to id es  s.l., Ph. com osus, P h . c h ry se u s , A te ra m n u s  recurvus, R heed ia  o p h itico la , R . p o ly n e u ra ,  
R . revo lu ta , R . ru sc ifo lia , M oacro ton  re vo lu tu s, A d en o a  (P ir iq u e ta )  c u b en sis , P se u d o ca rp id iu m  
p u n g e n s ,  C rossopeta lum  te rn ifo liu rn  s.l., G alactia  revolu ta , A n n o n a  sc lero p h ylla , C a lyco g o n iu m  
ro s m a r in ifo liu m  s.l., C. m o a n u m , S c h m id to ttia  espéc. div., E u p h o rb ia  p o d o c a rp ifo lia , E . helenae, 
Coccoloba n ip e n s is , C. acunae, C. p ra e s ta n s , B y r so n im a  m in u t i fo l ia , B . b iflo ra , M a c h a o n ia  n ip en -  
s is ,  A n tirh e a  abbreviata  s.l., X y lo s m a  b u x ifo liu m , G uettarda fe r ru g in e a , G. sh a fe r i, O p lo n ia  cuben­
s is ,  E ry th ro x y lu m  ped icella re , E . lo n g ip e s , E . coriaceum , S p a lh e lia  p in e to ru m , S . sp le n d en s , etc

18.1.1. A lianza: A v ia d n o - P l iy l la n t l i io n  B orh id i y  M uniz al. n.
C aractères del o rden . A sociaciones e s tu d iad as :

S pa thelio -B ourrerie tum  pauc iflo rae  B orh id i ass. n.
B yrsonim o-M yrtetum  acu n ae  B orh id i ass. n.
A n tirheo -A crosynaiithetiin i m inoris B orh id i y  M uniz ass. n.
Jac ip iin io -T ahchu ietuni linearis B orhidi y  M uniz ass. n.
M yrto ophitico lae-M ouririe tum  em arg in a tae  B orh id i ass. n.
M yrto ekm an ia iiae -M o acro to n e tu m  leonis B orh id i ass. n.
Spathelio sp lenden ti-G ochnatie tum  recurvae B orhidi ass. n.

18.2. O rden : P H Y L L A N T H O -N E O B R A C E T A L ÏA  V A L E N Z U E L A N A E  B or­
hidi y  M uniz ord . n.
M atorrales siem preverdes esclerófilos, m ay o rm en te  espinosos de las lla ­

n u ra s  y  a ltu ra s  h a ja s  de C uba C en tra l y  O ccidental (h a s ta  la zona sep en tin o sa  
de  H olgu in ).

Espécies caracteristicas: P h y lla n th u s  orb icu lar is , N eobracea v a le n zu e la n a , T a b eb u ia  le p i­
do ta , T . trachycarpa , R o n d e le tia  cam arioca , R . venosa , R . sa v a n n a ru m , E u g e n ia  cam arioca , 
S c o lo sa n th u s  cruc ifer  s.l., P se u d o c a rp id iu m  ilic ifo l iu m , Z a n th o x y lu m  d u m o su m , O p lo n ia  n a n n o -  
p h y lla ,  Coccoloba a rm a ta , C. p a llid a , C. m ic ro p h y lla , G uettarda c a ly p tra ta , G. ech inodendron , 
G alac tia  ga laclio ides, E ry th r o x y lo n  m in u t i fo l iu m , C opern ic ia  m acroglossa , C. h o sp ita , B u rsera  
a n g u s ta ta , B o n a n ia  em a rg in a ta , B o u rre r ia  d iva rica ta , B . se to so -h isp id a , B . m ic ro p h y lla , etc.
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18 .2 .1 . A lianza: N eom azaeo-Reynosion retusae  B o rh id i y  C apote al. n. 
M atorra les s iem p rev e rd es  esclerófilos espinosos en las se rp en tin as  de la

S ie r ra  de C aja lbana  y  S ie rra  del R osario  co n  u n  num ero  considerab le  de 
en d ém ico s.

Espécies caracteristicas: N e o m a za e a  p h ia la n th o id es , R e y n o s ia  re tu sa , Z a n lh o x y lu m  cajal- 
b a n ic u m , Z . acunae, B u x u s  iv r ig h t i i , Sco losan thus a c u n a e , R h e e d ia  fr u l ic o s a ,  Leucocroton revolu- 
tu s ,  M o a cro io n  trig o n o ca rp u s, M a c h a o n ia  dum osa , R o u rre r ia  ha d ia , Coccoloba coriacea, Lescaillea  
e q u is e t i fo r m is , A gave  c a ja lb a n e n s is , A y e n ia  ca ja lb a n en sis , H e lic teres tra p e zifo lia , P iso n ia  pe tio la -  
r is ,  R o n d e le tia  longibracteata , R .  ven o sa , P h y lla n th u s  d isco lor, E u g e n ia  r ig id ifo lia , etc.

A sociaciones e s tu d ia d a s :

E ry th roxy lo -C occo lobetum  a rm atae  B o rh id i y  C apote  ass. n. 
E ugen io -M oacro to iie tum  trigonocarpi B orh id i y  C apote ass. n. 
Z an th o x y lo -R ey n o sie tu m  re tu sae  B orh id i ass. n. 
N e o m azaeo -P h y llan th e tu m  orb icu laris B o rh id i e t C apo te  ass. n.

18 .2 .2 . A lianza: Coccothriancio-Tabebuion lepidotae  B o rh id i y M uniz al. n.
M atorrales y  b o sq u es a rb u sto so s bajos esp inosos de se rp en tin a  de C uba 

O cc id en ta l (provincias H a b a n a  y M atanzas).

Espécies caracteristicas: B u c id a  oph itico la , L eucocroton h a v a n e n s is , L . m oncadae , L a s io -  
cro ton  b a h a m e n sis , E u g e n ia  s a u v a l le i , P s id iu m  h a v a n en se , H a rp a ly c e  c u b en s is , H . suberosa , 
B u x u s  f la v ir a m e a , R e y n o s ia  in te rm e d ia , G o ssyp ia n th u s h e te ro p h y llu s , M elocactus m a ta n za n u s , 
M o a c ro to n  revo lu tus , A c a c ia  d a e m o n . etc.

Asociaciones e s tu d ia d a s :

P seudocarp id io -B ucide tum  ophiticolae B orh id i ass. n. 
E ugen io -C occo th rinace tum  roseocarpae B o rh id i ass. n.
C occothrinaci ro seo carp ae-B u cid e tu m  oph itico lae  B e raza in  ass. n.

18 .2 .3 . A lianza: G iiettardo-Jacarandion coivellii B orh id i y  M uniz al. n. 
M atorrales esclerófilos siem preverdes espinosos sobre se rp en tin as  de las

l la n u ra s  y  a ltu ras  h a ja s  de C uba C en tro -O rien ta l (S e rp en tin as  de M otem bo, 
S a n ta  C lara, C am agüey  y  H o lg u in ), form ados p o r árboles y a rh u sto s  m icro-, 
n a n o - y  leptófilos con m u ch o s endém icos v ic a ria n te s  locales.

Espécies caracteristicas: G uetta rd a  c larensis , G. ro ig ia n a , G. ca m a g ü ey e n sis , G. sh a fe r i , 
Z a n th o x y lu m  n a n n o p h y llu m , Coccoloba g en icu la ta , J a c a ra n d a  co w ellii, P ic te tia  m a rg in a ta , P . 
s p i n i fo l i a , B eh a im ia  c u b en s is , N o to d o n  sa v a n n a ru m , H e n o o n ia  m y r t i fo l ia , C roton h e tero p leu ru s , 
C. c a m a g ü e y a n u s , C. h o lg u in e n s is , C. n e p h ro p h y llu s , C. a c u n a e , E u g e n ia  espéc. div., C opern icia  
c o w e llii , C. p se u d o rig id a , C. h o s p i ta , C occothrinax c la ren s is , C. c a m a g ü e y a n a , C. g a rc ia n a , Tabe- 
b u ia  tra c h yc a rp a , P la ty g y n e  p a r v i fo l ia , M a ch a o n ia  su b in e r m is , M . u rb in o i , M . tn in u ti fo l ia , 
J a c q u in ia  sh a fe r i, K a r iv in s k ia  o b lo n g a ta , .K. orb icu la ta , D a p h n o p s is  lo n g ifo lia , etc.
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A sociaciones e s tu d ia d a s :

K ondele tio -G uettardetiin i clarensis B orh id i y  M uniz ass. n.
Copernicio cow ellii-T abebuietum  tra ch y ca rp ae  B orh id i y  M uniz ass. n. 
E ry th roxy lo -C ro lone tum  holguinensis B o rh id i ass. n.
A eacio bela irio id i-S piro teco inetum  holguinensis B orh id i ass. n .

19. Clase: SABALO-ROYSTONIETEA B orh id i y  M uniz en B o rh id i y  H erre ra  
1977

Sabanas*  de h ie rb as  y  palm as a lta s  fo rm ad as  por lo comvin secu n d aria - 
m en te  sobre suelos a lu v ia les  о latosolicos m a y o rm en te  p ro fundos b a jo  u n a  
in flu en c ia  an tró p ica  (q u em a  y  pastó reo) re g u la rm e n te  rep e tid a .

19.1. O rden : P A S P A L O -R O Y S T O N IE T A L IA  B o rh id i y  M uniz o rd . n. 
S ab an as con p a lm a  ré a l d is trib u id as  en las llan u ra s  y  zonas co linosas de

C uba C en tra l sobre suelos latosolicos fertiles.

19.1.1. A lianza: Ceibo-lioijstonion  B o rh id i y  M uniz en B orh id i y  H e rre ra  
1977.
Sabanas*  con p a lm a  re a l en suelos la toso licos profundos de las llan u ra s  

fertiles d is trib u id as  en  las areas o rig ina lm en te  o cu p ad as po r bosq u es hum edos 
tro p ica le s , condicionados p o r un  clim a estac io n a lm en te  seco en  in v ie rn o  con
1 — 2 m eses secos.

Espécies caracteristicas: R o ysto n ea  regia, Ceiba p e n ta n d r a , S p o n d ia s  m o m b in , A n d ir a  
in e r m is , G u a zu m a  u lm ifo lia , C h ry so p h y llu m  o liv ifo rm e , A n d ro p o g o n  v irg in ic u s , A .  ca rico su s, A .  
p e r tu su s , P a p a lu m  n o ta tu m , P .  d is tic h u m , P . d iv a r ic a lu m , P . f im b r ia tu m , P a n ic u m  g e m in a tu m ,  
P . c a esp ito su m , P . p i lo s u m , P .  b o liv ien sis , P . a d sp e rsu m , C y p eru s  h a sp a n , C. s u r in a m e n s is ,  
S e la r ia  ten a x , Sporobolus in d ic u s ,  Im p e ra ta  contracta , R e y n a u d ia  f i l i fo r m is ,  R h y n c h e ly tr u m  
rep en s, etc.

A sociaciones e s tu d ia d a s :

P asp a lo -R o y sto n ie tu m  regiae B orh id i ass. n .
A ndropogoni ca ricosi-R oyston ie tum  reg iae  B orh id i ass. n .

19.1.2. A lian za : SatHuneo-Uotfstonion B o rh id i y  Muîïiz en B orh id i y  H e rre ra  
1977.
S ab an as con p a lm a  rea l sobre suelos m ed ian am en te  fertiles, suelos la to ­

solicos poco p ro fundos de las llanu ras. Se e n c u e n tra n  en áreas de u n  clim a 
estac io n a lm en te  seco con 3 6 meses secos, o cu p ad as o rig inalm en te  p o r bosques
sem ideciduos.

* Para distinguir las sabanas neotropicales de las africanas correspondientes E. D e l -  

R i s c o  propone utilizar el termino : “Pseudosabana”

8 Acta  Botanica  A cadem iae  Sc ien tia ru m  H ungaricae 2 5 , 1979
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E sp écies  caracte ris ticas: R o y s to n e a  regia, S a m a n e a  sá m á n , P elto p h o ru m  a d n a lu m , P ith e -  
c e llo b iu m  cubense, P s id iu m  g u a y a v a ,  A n a c a r d iu m  edule , B u rse ra  s im a ru b a , C ordia  g era sca n th u s ,  
P a s p a lu m  p lic a tu m , A n d ro p o g o n  sa cch a rio id es, P a n ic u m  g h isb re g h tii, S e ta r ia  g e n ic u la ta , Sor- 
g h a s tr u m  ae tosum , C assia  a e sc h yn o m e n e , S ty lo sa n th es h a m a ta , A ly s ic a rp u s  v a g in a tu s , P ectis  

f l o r ib u n d a ,  B orreria  verlic illa ta  y  la s  g ram in eas y  c iperáceas m enc io n ad as en la  a lian za  an te rio r.

A sociaciones e s tu d ia d a s :

P asp a lo  p lica tu li-S porobo le tum  indici C iferri 1936.

19.2 . O rd e n : M A G N O C O P E R N IC IO -S A B A L E T A L IA  B orh id i o rd . n .
S a b a n a s  sem ian tró p icas  m ás о m enos ed á fic a m en te  cond ic io n ad as, esta- 

c io n a lm e n te  in u ndadas en los valles de los rios, en suelos a luv iales g leyizados 
о en  su e los m ocarreros.

1 9 .2 .1 . A lianza : Copernicion g igan ti-rig idae  B o rh id i en B o rh id i y  H e rre ra
1977.

S a b a n a s  e stac io n a lm en te  in u n d ad as sobre suelos gleyizados о sob re  m o­
c a r re ro s , po r p arte  n a tu ra le s , ed áficam en te  co n d ic ionadas por la f lu c tu a c ió n  
e x t r e m a  del nivel freá tico ; p o r  p a r te  secu n d arias  d e riv ad as po r la  ta la  de los 
b o sq u e s  aluviales de los rio s  en las llan u ras  de C uba C en tro -O rien ta l (L as 
V illa s , C am agiiey  y  O rien te ).

E sp éc ies  caracteris ticas: C o p e rn ic ia  g igas, C. b a ile y a n a , C. sueroana , C. r ig id a , C. h o sp ita , 
C. v e s p e r ti l io n u m , C. tex tilis , B e la ir ia  m u cro n a ta , A c a c ia  espéc. d iv ., C a esa lp in ia  espéc. d iv ., 
P ith e c e llo b iu m  espéc. div., A n d ro p o g o n  espéc. d iv ., S c le r ia  espéc. d iv., R h y n c h o sp o ra  espéc. 
d iv .,  F im b r is ty l i s  espéc. d iv ., e tc .

A sociaciones e s tu d ia d a s :

B elairio -C opern icietum  rig idae  B orhidi ass. n.

19 .2 .2 . A lianza  : A ndropogoni-Sabalion  B o rh id i en B orh id i y  H e rre ra  1977.
S a b a n a s  n a tu ra les  ed á fic a s  о sem ian tró p icas  en  suelos m o carre ro  e s ta ­

c io n a lm e n te  inundados, cond ic io n ad o s por la  f lu c tu a c ió n  del n ivel freá tico  y  
p o r  la  q u em a . Se d is tr ib u y e n  m ay o rm en te  en las llan u ra s  de C uba O ccid en ta l 
y  C en tro -O cc id en ta l (P ro v in c ia s  de P in a r del R io , H ab a n a  y  M atan zas , Isla  
de P in o s ) .

E sp écies  caracteris ticas: S a b a l p a rv iflo ra , B u c id a  su b in e rm is , B e la ir ia  sa v a n n a ru m ,  
C a m e r a r ia  re tusa , Croton sa g ra ea n u s , C a e sa lp in ia  sa v a n n a ru m , A c a c ia  espéc. d iv ., C heilo p h y l-  
lu m  esp é c . d iv ., A nd ro p o g o n  v ir g in ic u s ,  A .  saccharoides, A .  g ra c ilis , P a sp a lu m  d is to r tu m , P a n i ­
c u m  s te n o d e s , E ragrostis cu b en s is , E rio ch lo a  setosa, C hloris c u b en sis , S e ta r ia  g e n ic u la ta , Sc leria  
esp éc . d iv .,  R hynchospora  espéc. d iv .,  e tc.

A sociaciones e s tu d ia d a s :

A ndropogon i-S abale tum  parv iflo rae  B orh id i y  D el Risco ass. n.
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20. ( läse: CU RA TELLO -BY RSO N IM ETEA  B o rh id i cl. n.

S ab an as neo tro p ica les  secas de h ie rb as  h a ja s  sobre suelos de b a ja  fer- 
tilid a d  arenosos о arcillosos p rov isto s de u n  e s tra to  de- arrecife о m o carre ro . 
Las com unidades son ca rac te rizad o s  p o r g ru p o s  о ind iv iduos d ispersos de 
a rb u s to s  siem preverdes esclcrófilos, a rb o lito s m icro - a lcptófilos, p inos о pal- 
m as h a jas .

Espécies caracteristicas: B y rso n im a  c ra ss ifo lia , B .  verbascifo lia , C ura le lla  a m e r ic a n a ,  
B u lb o s ty lis  p a ra d o x a , etc.

20.1. O rden : P A R V IC O P E R N IC IO -C O C C O T H R IN A C E T A L IA  B o rh id i у
M uniz en B o rh id i y  H e rre ra  1977.
S ab an as se rp en tin o sas  y  arenosas sem ian tró p ica s  form adas p o r ta la  que- 

m a y  p astó reo  de los p in a res  y  m a to rra les  o rig in a les  de mism os suelos.

Espécies caracteristicas: A n d ro p o g o n  m u llin e rv o su s , A .  h ir lif lo ru s , A .  v irg a lu s , A .  g ra c i­
l is , A r is t id a  espéc. div., L e p to co ryp h iu m  la n a tu m , E rio ch lo a  se tosa , E ragrostis c u b en s is , R h yn c h o -  
spo ra  d iodon , R . te n u is , P a n ic u m  acicu lare, P . c h ry so p s id ifo liu m , Ic h n a n th u s  m a y a re n s is ,  etc.

20.1.1. A lianza: P arvicopem icio-C occothrinadon  B orhid i y  M uniz en B o r­
hidi y  H e rre ra  1977.

S ab an as se rp en tin o sas  de Cuba.

Espécies caracteristicas: C opern icia  m acroglossa , C. p a u c iflo ra , C. co tvellii, C. y a re y ,  
C occothrinax  m ira g u a m a  subespéc. div., C. p se u d o r ig id a , C. c la ren s is , C. c a m a g ü ey a n a , C. g a r- 
d a n a ,  R o n d e le lia  espéc. div., T a b eb u ia  lep ido ta , B o u rre r ia  espéc. div., M ilra c a rp u s  sq u a rro su s , 
T rip o g o n  sp ic a lu s , A y e n ia  e u p h ra s ifo lia , C roton n u m m u la r ii fo l iu s ,  P olygala  sa g in o id es , E v o lv u -  
lu s  espéc. div., P a ss iflo ra  c u b en sis , A ris to lo ch ia  p a s s if lo r i fo l ia ,  etc.

A sociaciones e s tu d iad as :

A ndropogoni spiciforin i-C opernicietum  rig id ae  B orh id i ass. n.
Polygalo  saginoidi-C opernicietum  cow ellii B o rh id i y  M uniz ass. n .  
A ristide neg lectae-C opem icietum  m acrog lossae  B orh id i ass. n .
A ristido v ilfifo liae-C occothrinacetum  g a rc ia n a e  B orh id i ass. n.

20.1.2. A lianza: A coelorrapheto-Colpothrinacion  B orhidi y  C ap o te  al. n . 
S ab an as secas о m ed ian am en te  h u n ied as de las arenas b lancas con  p a lm as

y  p inos, en C uba S u r-O ccid en ta l e Is la  de P in o s , m ay o rm en te  с о т о  p ro d u c to s  
de la  d eg radación  de los p in ares  arenosos.

Espécies caracteristicas: A coelorraphe w r ig h tii ,  C o lp o th r in a x  u irigh tii, P in u s  tro p ic a lis ,  
M e lo ch ia  sa v a n n a ru m , H y p t is  p e d a lip e s , A s te r  g r iseb a ch ii, A r is t id a  espéc. div., M e so se tu m  lo lii-  
fo rm e , T u rn é ra  a ca u lis , C roton c er in u s , C. c ra sp ed o trich u s , y  sinusios de eriocauláceas y xyri- 
dáceas.

A sociaciones e s tu d ia d a s :

P in o -A ris tid e tu m  neglectae B orhidi ass. n .

8* Acta  U otanica A ca d em ia e  Scien tiarum  Hungaricae 2 5 , 1979
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21. C lase : C E R C ID I-PR O SO PID E T E A  K n a p p  1964.

E sp in a re s  о bosques a rb u sto ro s  esp inosos densos, deciduos, fo rm ad o s 
m a y o rm e n te  por M im osáceas, C aesalp in iáceas esp inosas en A m érica C e n tra l y  
A n ti l la s .

2 1 .1 . O rd e n : A C A C IO -C A P P A R ID E T A L IA  K n a p p  1964.
E sp in a re s  о bosques arbusto so s esp inosos densos de las zonas liiper- 

x e ro f í t ic a s  costeras y  su b co ste ra s  de las A n tilla s  y  B aham as, m a y o rm e n te  
so b re  ca liza  hajó  un  clim a b ixérico  de 7 — 9 m eses secos y  600 — 800 m m  de 
l lu v ia  a n u a l.

2 1 .1 .1 . A lia n z a : Acacio-Caesalpinion coriariae  B orh id i al. n.
C arác te res  del o rden .

Espécies caracteristicas en Cuba: A ca c ia  f a r  n e s ia n a , A .  curbelo i, A . c u p e y e n s is , A .  ro ig ii , 
A .  m a c ra c a n th o id e s , A . lu te a , A .  co w ellii, P ith ece llo b iu m  m u c ro n a tu m , P . c irc in a le , P . h y s tr ix , 
P . o p  p o s i t i f o liu m , P ro so p is  j u l i f lo r a ,  P h y llo s ty lo n  b ra s ilie n se , C assia  s ten o p h y lla , H a e m a to x y lo n  
c a m p e c h ia n u m , C aesa lp in ia  b a h a m e n s is  s.l., C. p a u c if lo r a , C. subglauca , C. c o ria r ia , C. p in n a ta ,  
C a p p a r is  espéc. div., A g a ve  u n d e rivo o d ii, yl. leg re llia n a , S c o lo sa n th u s b a h a m en sis , etc.

A sociaciones e s tu d ia d a s :

P h y llo sty lo -A cacie tum  lu teae  Ciferri 1936.

22 . C lase : C E R C ID IO -C E R E E T E A  K n a p p  1964.

V egetác ión  desertica  о sem idesertica  a b ie r ta , con la dom inancia  de cac tá - 
ceas a rb ó re a s  y  co lu m n ares , en A m érica de N o rte , C entral y  en las A n tilla s .

22 .1 . O rd en : L E M A IR O C E R E E T A L IA  H Y S T R ÏC IS  K nap p  1964. 
V ege tác ión  sem id ese rtica  costera  y  su b c o s te ra , rica  en su cu len ta s  de las

A n ti l la s  M ayores y  Sur de B ah am as , b a jo  u n  c lim a  árido  de 9 11 m eses secos
y  300  600 m m  de lluv ia  an u a l.

Espécies caracteristicas: L em a iro cereu s  h y s tr ix ,  P ilo socereus  espéc. div., C onsolea  espéc. 
div., M e lo c a c tu s  espéc. div., C y lin d ro p u n tia  h y s tr ix ,  O p u n t ia  d ille n ii  s.l., C a p p a r is  espéc. div., 
G u a ja c u m  o ffic in a le , C roton  espéc. div., A g a ve  espéc. d iv., etc.

2 2 .1 .1 . A lianza: Consoleo-Lem airocereion h ystric is  B orhid i y  M uniz al. n. 
V eg e tác ió n  sem id ese rtica  con a b u n d a n c ia  de cactáceas a rb ó reas  y  co lum ­

n a re s , rep re se n ta d as  m a y o rm e n te  po r espécies endém icas v ica rian te s  an  cad a  
is la  de  las  A ntillas M ayores y  en las islas su re n a s  de las B aham as.
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Espécies caracteristicas en Cuba: C onsolea  m a cra ca n th a , C. m illsp a u g h ii, Lenxairo-  
cereus h y s tr ix , P ilosocereus b ro o ksia n u s, P . r o b in ii , C y lin d ro p u n lia  h y s tr ix . M elocactus h a rlo tv ii,
M . b o rh id ii, M . пси n u i .  R hodocactus cu b en sis , O p u n tia  m il ila r is ,  H a rr is ia  fe r n o iv i i ,  A g a ve  
albescens, C a e sa lp in ia  p in n a ta , C. p a u c iflo ra , C a p p a r is  g r ise b a c h ii, C. f le x u o sa , G ochna tia  m ic ro ­
c ép h a le , G. e llip tic a , etc.

A sociaciones e stu d iad as :

C onsoleo-C ohibrinetum  ellipticae B o rh id i y  M uniz ass. n.
L em airocereo -L asiocro tonetum  hah an ien sis  B orh id i y  M uniz ass. n.
L en ia irocereo -P hy llo sty le tum  brasiliensis B o rh id i y  M uniz ass. n.
C appari-L em airocereetum  hystric is B o rh id i y  M uniz ass. n.
L eniairocereo-G ueU aicletu in  cueroensis B o rh id i ass. n.

23. Clase: OCOTEO-M AGNOLIETEA B o rh id i y  M uniz cl. n.

P lu v is ilv as  m o n tan as  de la rég ion  del C arihe, especialm en te en  las co r­
d illeras o rien ta les  de M exico y  en las m o n ta n a s  de las A ntillas, c a ra c te riz a d a s  
p o r helechos a rb ó reo s, po r ah u n d an c ia  de ep ifito s , m usgos y  h ep â tica s  ep ifilas.

Espécies caracteristicas: Ocotea espéc. div., M a g n o lia  espéc. div., L a p la cea  espéc. div., 
C yrilla  espéc. div., B r u n e ll ia  co m o cla d ifo lia , F re ziera  espéc. div., P odocarpus  espéc. div., 
T a la u m a  espéc. div., C ya thea  espéc. div., L o p h o so ria  q u a d r ip in n a ta , Clethra espéc. div., P restoea  
m o n ta n a , C a lyp tro n o m a  espéc. div., etc.

23.1. O rden : O C O T E O -M A G N O LIETA LTA  B o rh id i y  M uniz ord . n . 
P lu v is ilv as  la tifo lia s  m o n tan as  h u m e d a s  sobre suelos am arillos d e riv ad o s

de rocas d iversas no se rpen tinosas — en C uba en las S ierras de E sc a in b ra y , 
M aestra  y  de Im ia s  e n tre  800 y  1600 m . de a ltu ra .

Espécies caracteristicas: M a g n o lia  cu b en s is  s.l., M . ca cu m in ico la , O. c u n ea ta , O. leuco- 
x y lo n , O. a c u n a ia n a , O. e k m a n ii , P ersea  espéc. div., B eilsc h m ie d ia  p e n d u la , G uatter ia  b la in i i , 
L a p la cea  a n g u s ti fo l ia , L .  u rb a n ii , M a ta yb a  d o m in g e n s is , Prestoea m o n ta n a , T a la u m a  m in o r , 
Ossaea o tto sch m id tii, O. tu r q u in ii , G esneria v ir id i f lo r a  s.l., M e c ra n iu m  a m y g d a lin u m , I le d y o s -  
m u m  g rise b a c h ii, etc.

23.1.1. A lianza: M agnolion cubensis B o rh id i y  M uniz al. n.
C aractères del o rden . A sociaciones e s tu d ia d a s :

M agnolio -L ap laceetum  angu stilo liae  B o rh id i y  Muîïiz ass. n.
Ocoteo ek inan ii-C yrille tum  au tillan ae  B o rh id i ass. n.
M agnolio acunae-C yrille tun i an tillan ae  B o rh id i y  M uniz ass. n.

23.2. O rden : P IN E T A L IA  O C C ID E N T A L IS -M A E S T R E N S IS  K n a p p  1964. 
em . B orh id i.
P in a re s  en la  zo n a  de las p luv is ilv as  m o n ta n a s  en las A ntillas M ayores.
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Espécies caracteristicas: P in u s  occidentalism P . m a e s tre n s is , G leichenia b i f id a , G. f le x u o s a ,
G. p a lm a ta , G. p e c tin a ta , C ya th ea  espéc. div., A ls o p h ila  espéc. div., Clethra  espéc. div.

23.2 .1 . A lianza: Pinion m aestrensis  B o rh id i al. n .
P in a res  m o n ta n a s  en  las aren iscas y  a n d e s ita s  de la  S ierra  M aestra .

Espécies caracteristicas: M y rs in e  coriacea , C lethra  cu b en s is , V ib u rn u m  v illo su m , V acci-  
n iu m  leon is , L y o n ia  espéc. div., I le x  espéc. div., S o lo n ia  re fle x a , V ernon ia  p ra e s ta n s , V . p a r -  
v u lic e p s , M y r ic a  p u n c ta ta , M ic o n ia  acu n a e , h l .  r e m o ti f  lóra , etc.

A sociaciones e s tu d ia d a s :

C le th ro -P in e tu m  m aestrensis B orh id i áss. n.

23.3. O rden : P O D O C A R P O -S L O A N E T A L IA  B o rh id i y  M uniz ord . n . 
P luv isilvas m o n ta n a s  m icro-, n o tó fila s , sem isecas, pobres en ep ifito s ,

m usgos y  h ep á ticas  ep ifila s . Crecen sobre la to so les  de se rp en tin a  ácidos, pob res  
en n u tr ie n te s , en las S ie rras  de N ipe y  C ris ta l, C uchillas de M oa, T oa y  B a raco a  
(C uba O rien ta l).

23 .3 .1 . A lianza: P odocarpo-B yrsonim ion  orien tensis  B o rh id iy  M uniz al. n.

Espécies caracteristicas: P odocarpus a r is lu la tu s , P . e k m a n ii,  S lo a n ea  cu ra te llifo lia , 
H ie ro n y m a  n ip e n s is , T a la u m a  oblongata , G ua tteria  m o ra le s ii, B y r so n im a  o rien ten sis , C a lo p h y llu m  
u tile , T e rm in a lia  n ip e n s is ,  T .  p a c h y s ty la , T . o r ie n te n sis , M o za r tia  g u n d la ch ii, Ocotea espéc. div., 
Coccoloba costala, L eu co cro to n  w r ig h tii ,  L . long ibractea tus, etc.

A sociaciones e s tu d ia d a s :

D ipholi cubensi-C alophylle tun i u tilis  B o rh id i ass. n. 
P o d o carp o -B o n n e tie tu m  cubensis B o rh id i y  M uniz ass. n. 
H ie ro n y m o -S lo an e tu m  curatellifo liae  B o rh id i ass. n.

23 .3 .2 . A lianza: C yrillo -Pinion cubensis B o rh id i y  M uniz al. n.
B osques r ih e re n a s  m o n tan as  en la zo n a  de los p inares de la toso les sobre 

se rp en tin a s  de O rien te .

Espécies caracteristicas: C yrilla  n ip e n s is , C a ly p tro n o m a  orien tensis , B a c tr is  c u b e n s is ,  
S en ec io  p o ly p h le b iu s , S .  r iv á lis ,  H e d yo sm u m  c ra s s ifo l iu m , P a ch y a n lh u s  re ticu la tu s , C a ly p tra n -  
thés p u n c ta ta , C. c a ly p tra ta , C. c a rd io p h y lla , C. m o n o c a rp a , Isa ch n e  leersio ides, C la d iu m  res tio i-  
des, P a e p a la n th u s  r iv u la r is ,  etc.

A sociaciones e s tu d ia d a s :

Cyrillo n ip e n s i-P in e tu in  cubensis B o rh id i y  M uniz ass. n.

23.4. O rden : C A L Y P T R O N O M O -C Y R IL L E T A L IA  B orhid i ord . n.
B osques rib e ren o s  no  serpen tinosos con ab u n d an c ia  de p a lm as, en las

m o n ta n a s  y  a ltu ra s  h a ja s  de Cuba.
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Espécies caracteristicas: C a lyp tro n o m a  espéc. div., C yrilla  espéc. div., D e n d ro p a n a x  
espéc. div., D id y m o p a n a x  m o ro to to n i, Ise r tia  h a e n ke a n a , Senecio  espéc. div., C a lo p h y llu m  espéc. 
div., C a lyp tra n th es  espéc. div., M y rc ia  espéc. div., H irte lla  a m e ric a n a , A ls o p h ila  espéc. div., 
C ya thea  m in o r , P ilea  espéc. div., etc.

23.4.1. A lianza: C alyptronom o-C yrillion  racem iflorae  B o rh id i al. n . 
B osques rib eren as en C uba O cciden ta l y  C en tral.

Espécies caracteristicas: C a lyp tro n o m a  d u lc is , C. in te rm ed ia , C. m icro ca rp a , C y r illa  racem i- 
f lo r a ,  C a lo p h y llu m  a n til la n u m , C. a n t il la n u m  ssp. p in e to ru m , D e n d ro p a n a x  c u n e ifo liu s , C a ly p tra n ­
thes fe r ru g in e a , C. d e m e n tis ,  P a c h y a n th u s  a n g u s tifo liu s , A lso p h ila  m yo su ro id es, H e n r ie tte a  p a tr i-  
s ia n a ,  etc.

Asociaciones e s tu d ia d a s :

C alyptronom o-C yrilletum  racem iflo rae  B orh id i y  C apote ass. n.

23.4.2. A lianza: C alyptronom o-C yrillion  antillanae B orh id i al. n .
B osques riberenos en C uba O rien ta l, especia linen te  en la S ie rra  M aestra ,

d o n d e  se llam a “ m an aca les” .

Espécies caracteristicas: C a lyp tro n o m a  d e m e n tis ,  B a d r i s  cubensis , C y rilla  a n til la n a ,  M o-  
za r tia  m a n a ca len sis , M . m a e stre n sis , R o n d e le tia  ca lo p h y lla , C a lo p h y llu m  r iv u la re , C h irnarrh is  
cu b en s is , P h a iu s  ta n ke rv illia e , E u g e n ia  la e tev ir id is , E . m a estren sis , etc.

Asociaciones e s tu d ia d a s :

C alyptronoino-C yrilletum  an tillan ae  B orh id i ass. n.

24. Clase: R O N D E LETIO -G ESN ER IETEA  B orh id i cl. n.

M atorrales rib eren o s sobre la  roca lla  hu m ed a , dep o sita  a lo la rg o  de los 
a rro y o s del piso m o n tan o  en  las sierras de las A ntillas.

Espécies caracteristicas: R o n d e le tia  espéc. div., G esneria  h u m il is  y  espéc. div., E xo s te m a  
lo n g if lo ru m  y  espéc. div., B u x u s  espéc. div., E u g e n ia  espéc. div., C a lyp tra n th e s  espéc. div., 
P lin ia  espéc. div., A ster  espéc. div., G in o ria  a m erica n a  y espéc. div., P ile a  espéc. div., H e p ta n -  
th u s  espéc. div., S a p p h o a  r ig id ifo lia , P h y lla n th u s  espéc. div., E rig ero n  be llio ides  y  espéc. div., 
C h a p ta lia  espéc. div., etc.

24.1. O rden : R O N D E L E T IO -G IN O R IE T A L IA  B orh id i o rd . n.
M atorra les riberenos sob re  rocas d is tin ta s , no se rp en tin o sas .

24.1 .1 . A lianza: Hondelctio microphyllae-G inorU tn  B orh id i y  C ap o te  al. n. 
M atorrales riberenos en las S ierras de C uba O ccidental y  C en tra l.

Espécies caracteristicas: R o n d ele tia  m icro p h y lla , R . p e d u n c u la r is , G in o ria  a m e r ic a n a , G. 
g in o r io id e s , E xostem a  lo n g iflo ru m , J u s s ia e a  decurrens, A s te r  burgessii, C uphea  lobelio ides, E u g e ­
n ia  o lig a n th a , E rigeron  th r in c io id es , E . p a u c ilo b u s , E .  c a p illip e s , O ld en la n d ia  c a p il l ip e s , etc.
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A sociaciones e s tu d ia d a s :

Rondeletio m icrophyllae-Gesnerietum  hum ilis B orh id i áss. n. 
Eugenio-Cupheetum  lobelioidis B orhidi áss. n.
Exostem o-G inorietuin am ericanea B orh id i e t C ap o te  ass. n.

24 .2 . O rd en : R O N D E L E T IO -P U R D IA E E T A L IA  B o rh id i ord. n .
M ato rra les  rib eren o s en  las  sierras se rp e n tin o sa s  de C uba O rien ta l.

Espécies caracteristicas: R o n d e le tia  p a c h y p h y lla , R .  a la te rn o id es, P u rd ia ea  espéc. div., 
L e u c o c ro to n  espéc. div., H e p ta n th u s  espéc. div., P ilea  espéc. div., M o za r tid  espéc. div., C aly- 
p tr a n th e s  espéc. div., G u n d la ch ia  espéc. div., S c h m id to ttia  espéc. div., C ha p ta lia  espéc. div., etc.

2 4 .2 .1 . A lianza: Purdiaeo-Rondeletiou pachyphyllae  B orh id i al. n. 
M ato rra les  rib eren o s en  las rocallas de se rp e n tin a s  en las sierras del

N o r te  de O riente, re p re se n ta d o s  por m uchas asociac iones de com posición d is­
t i n t a ,  fo rm ad as m a y o rm e n te  p o r  espécies end ém icas v ica rian tes .

Espécies caracteristicas: R o n d e le tia  p a c h y p h y lla , R .  sh a fe r i, R .  a la terno ides, R . vacc in ii-  
f o l i a ,  C a lyp tra n th e s  m on o ca rp a , C . m o a e n s is , C. to a en sis , C. p se u d o m o a e n s is , Leucocroton steno- 
p h y l lu s ,  L .  obovatus, P u rd ia e a  sh a fe r i ,  P . e k m a n ii, P .  m o a e n s is , P . v e lu tin a , A c ro sy n a n th u s  
r e v o lu tu s ,  O lden landia  p o ly p h y l la ,  S c h m id to ttia  c u b en sis , S .  m o n a n th a , S . u lig in o sa , B u x u s  

f o l i o s a ,  E x o s te m a  s te n o p h y llu m , H e p ta n th u s  c o rd ifo liu s, H . sh a fe r i, C hap ta lia  n ip e n s is ,  C. 
sh a fe r i ,  etc.

A sociaciones e s tu d ia d a s :

Exostem o-Leucocrotonetum  stenophylli B o rh id i ass. n.
B uxo foliosae-A crosynanthetum  revoluti B o rh id i y  M uniz ass. n.

2 4 .2 .2 . A lianza: G undlachio-Bryon subinerrnis B o rh id i al. n.
M ato rra les  rib eren o s so b re  v a rad as areno so -g rav illo sas  en los arroyos de 

las  m o n ta n a s  de O rien te .

Espécies caracteristicas: G u n d la c h ia  lin d e n ia n a , G. c u b a n a , G. a p icu la ta , B ry a  sub iner-  
m is , B .  ch ryso g o n ii, T a b eb u ia  r iv u la r is ,  G inoria  m o n ta n a , G. a rb o rea, etc.

A sociaciones e s tu d ia d a s :

Gundlachio-Bryetum  subinerrnis B orhid i y  M uniz ass. n.

25. C lase: W EINM A NN IO -C Y RILLETEA  K n a p p  1964.

M on tes n u b lad o s y  m u sg o so s de las m o n ta n a s  a lta s  en las A n tilla s , 
r ic o s  e n  m icro -o rqu ïdeas e p if i t ic a s  en helechos a rb o reo s  y  ep ifiticos (e. g. 
e sp éc ie s  de los géneros P o lyp o d iu m , M icrolepis, G ram m itis , H ym enophyllum ,
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Feea, Trichom anes , Elaphoglossum  e tc .), en licopod iáceas , en m usgos y  hepá- 
tic a s  te rre s tre s , ram ico las y  ep ifiticos.

Espécies caracteristicas en Cuba: W e in m a n n ia  p in n n ta ,  C yrilla  a n tilla n a , P ersea  s im i ­
lis , P . a n o m a la , Ocotea e k m a n ii ,  C ya thea  arborea, C. b a la n o ca rp a , C. in s ig n is , N ep h e lea  p u b escen s , 
D e n n s ta e d tia  espéc. div., M a ra tt ia  a la ta , G leichenia  espéc. div., Torra lbusia  d o m in g e n s is , T ern -  
stro em ia  cspéc. div. Melastomatáceas, Ericáceas, etc.

25.1. O rden : W E IN M A N N IO -C Y R IL L E T A L IA K n a p p  1964 
C arácteres de la  clase.

25.1.1. A lianza: C yrillo -M yrsh iion  B orh id i y  M uniz al. n.
M ontes n u b lad o s  de las A ntillas M ayores, en  Cuba se e n c u e n tra n  en 

S ie rra  M aestra  e n tre  1600 y  1900 ш de a ltu ra .

Espécies caracteristicas: M y r s in e  m ic ro p h y lla , N e c ta n d ra  re ticu laris, S a p iu m  m aeslrense , 
D itta  m a e slren sis , T o rra lb a sia  d o m in g e n sis , G arrya  fa d y e n i i ,  H e d y o sm u m  cubense, H . d o m in -  
gense , H en rie ltea  e k m a n ii ,  T e tra zy g ia  elegáns, T e rn s tro e m ia  leo n is , T . m ontico la , M ic o n ia  turq iii-  
n e n s is , Ossaea m a e strc n sis , S co lo sa n th u s  m a eslren sis , L e p a n th e s  espéc. div., P le u ro th a llis  espéc. 
div., S te lis  oph iog losso ides, у musgos: P h yllo g o n iu m  fu lg e n s ,  M e le r io p sis  p a tu la ,  M e tten o th a m -  
n iu m  re p ta n s , M a c ro m itr iu m  espéc. div., H y p n u m  p o ly p te r u m , P ilo trichella  f l e x i l i s ,  R h izogo- 
n iu m  sp in ifo r m e ,  etc.

A sociaciones e s tu d ia d a s :

M yrsino-NectaiidreUiin reticularis B orb id i y  M uniz ass. n.

26. Clase: MYRICO-BACCIIARIDETEA K n a p p  1964.

M atorra les m icrófilos siem preverdes h u m ed o s subalp inos e n tre  las zonas 
de los m ontes n u b lad o s y  páram os.

Espécies caracteristicas: M y ric a  espéc. div., B a c c h a r is  espéc. div., L y o n ia  espéc. div., 
V a c c in iu m  espéc. div., I le x  espéc. div., etc.

26.1. O rden : M Y R IC O -L Y O N IE T A L IA  K n a p p  1964. em . B orh id i 
M ato rra les m icrófilos subalp inos de las A n tilla s  M ayores.

26.1.1. A lianza: I l i c i - M y r i c io n  B orh id i y  M uiïiz al. n.
M ato rra les su b a lp in o s en las rocas y  p a red o n es  de la zona de m o n tes  

n u b lad o s  (en C uba solo en el grupo del P ico  T u rq u in o , cim a sup rem o  de la 
S ierra  M aestra).

Espécies caracteristicas: I le x  tu rq u in en s is , I .  n u n e z i i ,  I .  n a n n o p h y lla , L y o n ia  calycosa , 
L . tu r q u in i,  P era tan lhe  cu b en s is , M y r ic a  c a cu m in is , L o b e lia  c a c u m in is , M icro m er ia  bucheri, S a l­
v ia  spe irem a lo id es, R u b u s  tu rq u in e n s is , V ernon ia  p ra e s ta n s  var. c a cu m in is , E u p a to r iu m  p a u c i-  
b rac tea tum , P le u ro th a llis  espéc. div., M icro lep a n th es  espéc. div., etc.
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A sociaciones e s tu d ia d a s :

Ilic i turquinensi-M yricetum  cacum inis B o rh id i y  M uniz ass. n. 
A gavo pendentatae-M itracarpetum acunae B o rh id i y  M uniz ass. n .

27. C lase: CLUSIO-ILICETEA B o rh id i y  M uniz cl. n.

M a to rra le s  siem preverdes sem isecos m o n ta n o s , que se e x tie n d e n  с о т о  
s u s t i tu y e n te s  del m onte  n u b la d o  en las sierras de se rp en tin a , fo rm ados p o r  u n a  
f lo ra  a lta m e n te  endém ica.

Géneros caracteristicos: C lu s ia , I le x ,  S ch m id to ttia , L a p la c ea , A c ro sy n a n th u s , C a ly p tra n - 
thés, B u x u s ,  D a sy tro p is , P h id ia s ia , C a lyco g o n iu m , P a c h y a n th u s , M ic o n ia , O ssaea, Coccoloba, 
F ed d e a , etc.

27.1 . O rd e n : C L U S IO -IL IC E T A L IA  B orh id i y  M uniz ord . n.
C a rac tè res  de la clase.

Espécies caracteristicas: C lu s ia  n ip e n s is ,  C. m o n o ca rp a , C. callosa, C. a la in i i ,  C , m oaen-  
s is ,  C. g r ise b a c h ia n a , I le x  m o a e n sis , I .  sh a fe r i, I .  berteroi, I .  h y p a n e u ra , I .  su b a v e n ia , S c h m id to t­
t ia  s e s s il i fo l ia ,  S . m ontico la , L a p la c e a  m o a en sis , L .  b e n ito e n sis , A c ro sy n a n th u s  tra c h y p h y llu s ,  
P u r d ia e a  m ic ro p h y lla , B u x u s  c ra ss ifo lia , B .  re tusa , B .  h is to rica , B .  sh a feri, M y r ic a  sh a fe r i, 
V a c c in iu m  sh a fe r i, Sha fera  cu b en s is , F eddea  cubensis , Coccoloba nervosa, C. o lig a n th a , C, toaen- 

s is ,  etc.

27.1 .1 . A lian za : Ilic i-Laplace ion m tutaensis B o rh id i y  M uniz al. n . 
M a to rra les  s iem preverdes lium edos m o n tan o s  en las a ltu ra s  se rp en tin o sas

de las S ie rras  de C ristal, M oa, Ib e r ia  y  T o a , e n tre  600 y  1300 in de a ltu ra . 
A sociaciones e s tu d ia d a s :

Ilici-Laplaceetum  benitoensis B orh id i y  M uniz ass. n.
R heedio-Buxetum  crassifoliae B orh id i y  M uniz ass. n.
Clusio-Ilicetum  shaferi B o rh id i y  M uniz ass. n .
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CYTOCHEMICAL INVESTIGATIONS 
OF THE SHOOT APEX OF APPLE TREES II. 

DNA-CONTENT OF NUCLEI OF MERISTEMATIC CELLS, 
DEPENDING ON DIRECTION OF SHOOT GROWTH 

AND MORPHACTIN PRETREATMENT

By

T.  B u b á n

R E S E A R C H  S T A T I O N  O F  R E S E A R C H  I N S T I T U T E  F O R  F R U I T  A ] \ D  O R N A M E N T A L  P L A N T  G R O W I N G

C. U.  H e s e m a n n

L E H R S T U H L  F Ü R  A L L G E M E I N E  G E N E T I K  D E R  U N I V E R S I T Ä T  H O H E N H E I M ,  G F R

This paper is concerned with the cytophotometrically detectable changes in 
DNA level of cell nuclei within the tips of shoots treated as below. Investigations were 
carried out in apices of long shoots grown vertically (Y), horizontally (H), vertically 
and then bent horizontally (VII). A proportion of these (Y, II, YH) shoots received 
inorphactin pre-treatment, too. Both bending shoots horizontally and spraying morph- 
actin are known to promote flower hud formation. -— There was a higher DNA-content 
in nuclei of the apex growing horizontally than in that growing vertically. W ithin the 
shoot tip growing horizontally the DNA-level was slightly increased in the lower 
(toward to the earth situated) side of the apex. The morphactin tended to decrease 
the DNA-content of the shoot tip, and to diminish differences between the upper and 
lower side of the apex growing horizontally.

In troduction

Bending shoots of apple trees is one of the most usual methods piacticed in the fruit 
production. Forcing the vertically growing shoots into a horizontal position changes growth 
rate and degree of ramification and flower bud formation. Gravity, of course, has a well- 
known direct effect on apical dominance and on flower formation, similarily to other fruit 
trees and woody plants (see review by J a n k i e w i c z  1971).

Spraying with growth regulators of the morphactin type in a concentration of 100 ppm 
or higher leads to partial loss of direction in shoot growth ( B u b á n  et al. 1969). Loss of geo­
tropic sensitivity of plant organs was reported by K h a n  (1967) and also by K r e l l e  and 
L i b b e r t  (1968b).

Some information will he given here on the cytophotometrically detectable changes in 
DNA level of cell nuclei within the shoot tips treated in both way mentioned above. Results 
of ultraviolet microscopy of starch grains in histological sections prepared from the same shoot 
tips have been published formerly ( B u b á n  and Z e l l e r  1975).

Material and Method

Plant material: The plant material (Jonathan variety on M 4 rootstock) was obtained 
from an apple orchard of the Institute of Pomology at the University of Hohenheim. Tips 
from shoots growing in three different orientations were used:
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2 -5  cell row 
above (a)

Fig. 1. Shematic representation of the investigated meristematic regions of horizontally grown
long shoots

F ig . 2 .  Shematic representation of the investigated meristematic regions of vertically grown
long shoots

1) shoots growing vertically upwards (V),
2) shoots originally growing vertically but tied down horizontally (VH),
3) shoots growing horizontally (H).

The УН  shoots were tied horizontally at the time of the morphactin treatment (4th of July).
Morphactin treatment: Half of the shoots (experimental shoots УМ, VHM, HM) were 

treated w ith morphactin ( =  chloroflurenol, 30 ppm). The two young leaves next to the grow­
ing point were dipped for a few seconds into the morphactin solution. The treated young leaves 
had approximately half of the surface area of fully developed leaves. Six shoots were treated 
identically and constituted one experiment.

D N A  assay: Three days after the treatment, the shoot tips (2 cm long) were cut and 
brought into the laboratory. During transport, preparation and fixation, the cuttings were 
kept in  their original position (vertical or horizontal). Ethanol : formalin : picric acid 6 : 1 :  1.3 
was used for fixation. The 10 to 12 micron thick sections prepared after embedding in paraplast 
were treated as it is known for FEULGEN-procedure. The S c h i f f  reagent was prepared accord­
ing to the standard technique of G b a u m a n n  (1953), but with trichloro acetic acid ( B l o c h  and 
G o d m a n  1955). Hydrolysis occurred in 5N HC1 at room temperature for 55 min. The reliability 
of the longer hydrolysis time was confirmed by earlier methodical studies ( H e s e m a n n  and 
B u b á n  1973). Measurements in certain zones of the apex (see Figs 1 and 2) were carried out 
by UM SP-I universal microspectralphotometer ( Z e i s s ) ,  the data have been expressed as AU  
(arbitrary units).

Results

L o n g itu d in a l sec tions o f  long shoo ts (LS) w ere used to  m easu re  cy to- 
p lio to m e tr ic a lly  th e  D N A  c o n te n t of m e ris te m a tic  cell nuclei o f th e  apex. 
In  th is  p a p e r only m easu red  values of th e  nucle i o f th e  cell row s 2 5 were
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Table 1

E ffec t o f  grow th  d irection  a n d  m orphactin  trea tm ent on the D N A  content 
o f  shoot a pex  cells

Samples
Growth 

direction of 
long shoots

Pre­
treatment

with
morphactin

Tresliold
value

DNA ontent of nuclei in AU

cell rows below ce 11 rows above

n X 8 n X s

I. h 0.10 17 18.53a 5.69 15 16.98 4.82
и . H 0.10 18 16.45 4.43 21 16.60 5.64

cell rows left cell rows right
i n . VH — 0.10 i6  1 14.35b 4.08 17 13.82 4.06
IV. V + 0.10 15 14.48c 2.92 18 14.58 4.81
V. V — 0.10 12 13.68c 3.03 14 16.80 6.25

Remarks: 1.
2 .

3.
4.
5.

H =  horizontally.
V =  vertically.
AU =  arbitrary unit.
Cell rows below and above, resp.: see Figs 1 and 2.
“b” and “c” , resp., are significant at 5% and 1% level in comparison to “a”, 
n ■ number of nuclei investigated.
X =  average, 
s — standard deviation.

in c lu d ed  (Figs 1 an d  2). Sam ples o f th e  ex p e rim en t are  show n in o u tlin e  in 
T ab le  1.

T he D N A  values show  on ly  v e ry  little  d ifferences w ith in  an d  b e tw een  th e  
sam ples o f ex p erim en ts  I  -V , ex cep t sam ple I. T he m ean  values o f th is  sam ple, 
especia lly  th e  v alue  of th e  cell row s below , is h igher th a n  th e  va lu es  o f all 
o th e r  sam ples. On th e  o th e r  h an d , th e  m o rp h ac tin  te n d e d  to  decrease th e  D N A  
c o n te n t of th e  shoo t t ip ,  an d  to  d im in ish  d ifferences b e tw een  th e  u p p e r  and  
low er side of th e  ap ex  g row ing  h o rizo n ta lly . N everth e less , th e  d a ta  o f these  
m o rp h ac tin  effects are in sig n ifican t.

T he s ta tis tic  analysis  on th e  com parison  o f th e  m ean  va lu es  is rep re sen ted  
in  T ab le  1. On th e  g rounds o f th e se  s ta tis tic s , th e  re su lts  a re  v e ry  d is tin c t: 
O n ly  th e  cell row s below  sam ple  I  show  co m p ared  to  th e  cell row s of 
sam ples I I I ,  IV  an d  Y sig n if ican t differences. W ith in  an d  b e tw een  all o th e r 
sam ples no sign ifican t d ifferences h av e  been found  be tw een  b o th  sides o f  th e  
cell row s, in d e p e n d e n tly  o f th e  d irec tio n  of th e  g ro w th  o f th e  shoo ts an d  the  
p re - tre a tm e n t w ith  m o rp h ac tin .

T he differences o f th e  D N A  values are  il lu s tra te d  in  a d is tr ib u tio n  of 
frequencies as in T ab le  2. In  th is  freq u en cy  ta b le  b o th  th e  D N A  va lu es  o f th e  
single nuclei of m cris tem a tic  cells an d  th e  areas o f th e  nucle i w ere inc luded . 
O n th e  basis of th e  freq u en cy  ta b le  it  can  be concluded , th a t  o n ly  in th e  
h o rizo n ta lly  grow n shoo ts th e  m a jo rity  of th e  m eris tem a tic  nucle i w as in  th e
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Table 2

F requency d is tr ib u tio n  o f  D N A  values a fte r  F eu lg en -s ta in in g  
a n d  g ro u p in g  o f  the nuclei in  area classes

Classes of areas 
of the nuclei 

(in relative area units)

Classes of DNA — content of the nuclei in AU (Arbitrary Units)

5 .00 -
7.49

7.50 -  
9.99

10.00
12.49

12.50
14.99

15.00
17.49

17.50 -  20.00 
19.99 22.49

22.50-
24.99

25.00-
27.49

27.50-
29.99

20.00—29.99 1 0
30.00 — 39.99 l 1 2 2

0 1 1 0 0 1
40 .00- 49.99 0 1 2 3 l  l 1 0  1 2

2 4 2 2 l  l

5 0 .00 -59 .99 2 1 2 1 0 1 l  l 1 0
1 0 1 2 5 2 0 2

6 0 .0 0 - 69.99 l  l

1 1

70.00—79.99 1 0
1 0 0 1

Remarks: 1. The 1st row of values within the same class belongs to sample I, and the 2nd row 
of values within the same class belongs to sample III.

2. DNA values of cell rows below or left (in long shoots H and V, VH, resp.) can be 
seen to the left within a pair of figures in the same class, the values of the upper 
or right cell rows are to the right.

r e p l i c a t i o n  p h a s e  ( s e e  a l s o  t h e  m e t h o d i c a l  s t u d y  b y  H e s e m a n n  a n d  B u b á n  

1973).
D a ta  on nuclei acid  a n d  h is to n e  level in  apices o f te rm in a l b u d s  (being 

in d u c e d  or in h ib ited  as re g a rd s  flow er p rim o rd ia  in itia tio n ) are  described  in 
th e  f i r s t  p a r t  of th is  p a p e r ( B u b á n  an d  H e s e m a n n  1979).

Discussion

T h e  p resen t w ork  w as in te n d e d  to  give som e d a ta  on changes in  d irec tion  
o f  sh o o t g row th  a lte red  b y  t re a tm e n ts . N am ely , on th e  th ird  d ay  a fte r  th e  
t r e a tm e n t ,  th e  tip s  o f th e  c o n tro l shoots w hich  w ere tie d  h o rizo n ta lly  (VH) 
c u rv e d  slig h tly  upw ards. T h e  ex p e rim en ta l sho o ts  tie d  dow n (VHM ) gave no 
u n ifo rm  reac tio n : O ne t ip  c u rv e d  slig h tly  u p w a rd , a second one v e rtic a lly  
u p w a rd , an d  th e  re s t re m a in e d  in  th e  h o rizo n ta l o rie n ta tio n . T hese re su lts  are 
in  a g re e m e n t w ith  th e  o b se rv a tio n s  of B u b á n  e t al. (1969) m en tio n ed  above, 
in d ic a tin g  th a t  th e re  ex ists  no  d e fin ite  d irec tio n  for sh o o t t ip  g ro w th . T he tip s  
a re  s till  capab le  of g row ing  b y  e longa tion , b u t  lose th e ir  se n s itiv ity  for 
g ra v ity .
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In  ou r op in ion , a c ro ss -tra n sp o rt o f endogenous g ro w th  re g u la to rs  should  
lie a tta in e d  follow ed b y  changes in nucleic acid  m e tab o lism , sh o rtly  a f te r  a lte r ­
ing  th e  shoo t position . T h is succession of physio logical ev en ts  an d  its  role in 
co n tro llin g  geotropic responses is well know n. P u b lica tio n s  have  a p p ea red  on 
g row th  substances and  geo trop ic  cu rv a tu re  as well as d iffe ren tia l g ro w th  in 
ro o t tip s , resp ec tiv e ly  ( H a g e r  1971; P i l e t  1971a, b ; S h a w  and  W i l k i n s  1973). 
G eo trop ic  reac tio n  w ith  special re sp ec t to  th e  in te ra c tio n s  be tw een  au x in , R N A  
co n cen tra tio n  and  R N ase  a c tiv ity  w ere s tud ied  to o  ( P i l e t  and  N o u g a r e d e

1970) .
T he d a ta  of m easu rem en ts  p resen ted  above m ay  us sp ecu la te  on a sim ilar 

re la tio n sh ip . I t  is w o r th  m e n tio n in g  ce rta in ly , th e  in te re s tin g  fin d in g  rep o rted  
b y  B a r l o w  (1973). H e  observed  on S t. Ju lie n  p lum  th a t  th e  c u rv a tu re  reac tio n  
o f  shoo ts is s lig h tly  red u ced  a fte r  rem oval o f leaves an d  largely  d im in ish ed  b y  
rem oval o f th e  shoo t tip . T h e  c u rv a tu re  is a lm o st e n tire ly  h in d ered  b y  th e  tw o 
tre a tm e n ts  app lied  s im u ltan eo u sly . H ow ever, w hen  th e  s tu m p  o f th e  shoo t is 
supp lied  w ith  sy n th e tic  au x in , an d  gibberellin  was g iven to  th e  p e tio le  s tu m p , 
th e  d isposition  for cu rv in g  recovers. In  th e  case o f ap p le  ro o ts to c k  M 7 th e  
rem o v al of leaves an d  sh o o t tip s  h ad  less e f fe d . F u rth e rm o re , also th e  p h en o m ­
enon of “ geo trop ic  m em o ry ”  o f shoots and  w hole p la n ts  o f P o p u lu s  and  
M a lu s  species (B o r k o w s k a  1966; B o r k o w s k a  e t al. 1967), can  be ex p la ined  
b y  re d is tr ib u tio n  o f g ro w th  su b stan ces, occurring  in  severa l su b se q u e n t steps 
( J a n k i e w i c z  1971; H a g e r  1971).

M orphac tin  te n d e d  to  decrease th e  D N A  level in  nucle i o f  sh o o t tip s, 
an d  to  d im in ish  d ifferences b e tw een  th e  u p p e r an d  low er side o f  th e  apex  
grow ing  h o rizo n ta lly  (see T a b . 1). I t  could be  a t t r ib u te d  to  th e  m o rp h a c tin  
effects ex e rted  on au x in  t r a n s p o r t  and  aux in  level, re sp ec tiv e ly . In h ib itio n  of 
p o la r au x in  tra n s p o r t  is one o f  th e  earliest o b se rv a tio n s from  ex p e rim en ts  w ith  
m o rp h ac tin s  ( K r e l l e  and  L i b b e r t  1968a; T o g n o n i  an d  A l p i  1969; T r e i c h e l

1971) , in v e s t ig a t in g  th i s  e f fec t  in  sh o o ts  o f  a p p le  t r e e s ,  to o  ( B u b á n  a n d  Sá g i  
1976). M o reo v e r ,  c r o s s - t r a n s p o r t  o f  IA A  is i n h ib i t e d  b y  m o r p h a c t in s  ( B o p p ,
1972) , th e  aux in  tra n s p o r t  is h in d ered  by  v a rio u s m o rp h ac tin s  co n sid e rab ly , 
b u t  to  a d iffe ren t degree ( P i l e t  1970, K a l d e w e y  1973). A low er level o f  IA A  
in tissu es  tre a te d  w ith  m o rp h a c tin  was rep o rted  f ir s t  b y  Z i e g l e r  e t al. (1969), 
la te r  i t  p roved  to  be q u ite  a general effect observed  in tr ia ls  w ith  m a n y  species. 
An enh an ced  IA A -ox idase a c t iv i ty  in  young leaves s itu a te d  n ea r to  th e  shoo t 
tip  o f  m o rp h ac tin  t r e a te d  ap p le  trees  wras p u b lish ed  p rev io u sly  ( B u b á n  and  
SÁGI 1976). A lth o u g h , a m o rp h a c tin  tre a tm e n t re su lts  in  p ro m o ted  B N A  
sy n th es is  in  th e  disc o f b e a n  leaves (PozsÁR an d  G ra c za  1968), in c o n tra s t  
w ith  th is  th e re  was a lowrer r a te  o f B N A  syn thesis  in  leaves and  b u d s  (S c h m i d t  
1974) an d , a low er level o f nucleic  acids in  nucle i o f apices o f  ap p le  tree s  
( B u b á n  and  S im o n  1978). D a ta  sum m arized  in  T ab ic  1 a re  in acco rd an ce  w ith  
th ese  find ings.
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LIGHT AND PIGMENTS 
INVESTIGATIONS ON SPECIES 

IN A HUNGARIAN BEECHWOOD

By

R ózsa  M. D r a s k o v it s

IN S T IT U T E  F O R  P L A N T  T A X O N O M Y  A N D  ECOLO GY O F  E Ö T V Ö S  L O K À N D  U N IV E R S IT Y , B U D A P E S T

(R eceived : 20. 2. 1979)

T he a u th o r  carried  on lig h t in te n sity  m ea su re m e n ts  in  th e  u n d e rs to ry  —  herb- 
lay e r of M elitti-F agetum  a n d  de te rm in ed  th e  p h o to sy n th e tic  p igm en t c o n te n t (ch lo ro ­
p hy ll a, b , caro tino ids) an d  c o n cen tra tio n  in  th e  leaves o f d o m in a n t h e rb -lay er species, 
according to  aspects an d  seasons. T he early  sp rin g -tim e  g eo p h y ta  th a t  live in l ig h t­
in ten siv e  period — A nem one ranunculoides, D entaria  enneaphyllos, Coridalis cava 
possess high p ig m en t level a n d  chlorophyll a /b  ra tio . T h e  p ig m en t co n cen tra tio n  of the  
h em ic ry p to p h y to n  species o f  th e  herb -layer —  O xalis acetosella, G alium  odoratum , 
Viola silvestris, Carex p ilo sa  —  in  th e  spring p e rio d  o f b e tte r  lig h t in te n s ity  is low , 
w hile in  th e  sum m er period  of low  lig h t in te n s ity  i t  is h igh . As a re su lt of th e  b a lan ced  
lig h t in te n s ity  co n d itions o f th e  sum m er m o n th s , th e  p ig m e n t co n cen tra tio n s o f th e  
p o p u la tio n s of d iffe ren t species a re  iden tical. T h e ir  ch lo rophy ll a/b  ra tio s  a re  v e ry  
sm all, and  ligh t-eco log ically  fix ed , du ring  the  w hole year.

Introduction

T he ex p lo ra tio n  of th e  s tru c tu re  an d  function  of n a tu ra l  com m unities b o th  th eo re tica lly  
and  in  p rac tice  is one of th e  fu n d a m e n ta l aim s of m o d ern  sc ien tific  research . T he lo n g -te rm , 
o p tim a l u tilisa tio n  of n a tu ra l  fo res ts  is a  biological an d  social in te re s t  of p rim e im p o rta n ce , 
w hich m u st have  been organ ized  carefu lly . The M in istry  o f  A g ricu ltu re  and  Food a n d  the  
A cadem y C om m ittee  o f V eszprém  su p p o r t the  com plex re sea rc h  “ S tudies in  F o re s t  E co ­
sy s tem s”  w hich  belongs to  th e  T h ird  P rogram m e of th e  CM EA. W e jo in  to th is  com plex  
resea rch  w ith  our lig h t in v es tig a tio n s  an d  th e  e x am in a tio n s  o f  th e  p h o to sy n th e tic  p ig m en t 
s tru c tu re , by  a closer analysis o f th e  re la tio n sh ip  b e tw een  b io tic  an d  ab io tic  facto rs.

T he fo res t is a c o m m u n ity  o f m an y  com ponents, an  ecological system  w hich is in  close 
re la tio n sh ip  w ith  e n v iro n m en ta l fa c to rs  hav in g  on it. I t s  b asic  ch ara c te ris tic  is its  h ie ra rch ic  
o rg an iza tio n  of h igh degree, w hich  is m a in ta in ed  for a long tim e  b y  th e  reg u la to ry  m echan ism s.

In  th e  ecosystem s, as op en  sy s tem s, th e  basic co n n ex io n  be tw een  b io tic  an d  ab io tic  
fac to rs  is th e  fu n c tio n al u n ity  o f th e  a u to tro p h ic  p la n t c o m p o n en t w ith  ligh t. T he aim  of our 
fo res t ecological research  covering  lig h t an d  p igm en t e x am in a tio n s  is to  analyse th is fu n c tio n a l 
u n ity . A ssum ab ly , in  th e  low er level o f th e  s tra tif ied  p la n t  co m m u n ity , th e re  ex is ts  a close 
re la tio n sh ip  be tw een  th e  q u a n ti ty  an d  th e  d is tr ib u tio n  of lig h t an d  of th e  p h o to sy n th e tic  
p igm ents. T he aim  of ou r e x am in a tio n s  is to  explore th is  re la tio n sh ip  an d  its  seasonal d y n am ics, 
th ro u g h  th e  d e te rm in a tio n  of th e  p h o to sy n th e tic  p ig m en t o f th e  d o m in a n t species o f th e  herb- 
layer, and  b y  trac in g  th e  lig h t co n d itio n s. O ur resu lts  a n d  d a ta  p ro v id e  a basis for th e  e x a m in a ­
tion  of th e  p h o to sy n th e tic  fu n c tio n  of h e rb -lay er p lan ts .

T he f ir s t  ex am in atio n s o f th e  p roduction-eco log ical a p p ro a c h  of su p ra in d iv id u a l level 
of th e  re la tio n sh ip  be tw een  lig h t a n d  p h o to sy n th e tic  p ig m en ts  w ere done w a ter ecosystem s

A cta Ilotanica A ca d em ia e  S c ien tia ru m  llungaricae  25 , 1979



310 D R A S K O V I T S , R . M.

( G e s s n e r  1949). Е . Р . O d u m  (1971), H . T . O d u m  a n d  co-w orkers (1958), as well as th e ir 
fo llo w ers in te rp re te d  th e  p ro d u c tiv i ty  o f  a q u a tic  a n d  te rre s tr ia l  ecosystem s in  th e  fu n c tio n  of 
p ig m e n t  co n cen tra tio n . S tu d ies  o n  th e  p ig m en t s tru c tu re  o f fo res t p la n t  c o m m u n itie s  th e ir 
m a th e m a tic a l  m odelling as well as th e ir  s im u la tio n  b y  c o m p u te r tech n iq u e  is th e  m erit of 
p r im a r i ly  Jap an ese  resea rch ers  (cf. IB P  3. ed. J .  P . C o o p e r , 1975).

T h e  ecological role o f l ig h t in  fo res t co m m u n itie s  is d e a lt w ith  in  a lm o st all o f th e  re ­
s e a rc h  fie lds of fo rest e co sy stem s (in  C en tra l-E u ro p e  a t  p resen t, for ex am p le , in  S o l l i n g  

(c o -o rd : H . E l l e n b e r g ) ;  in  F o n ta in e b le a u  (co-ord : G. L e m é e ) ;  M onte T erm in illo  (co-ord: 
V . G iaco m in i); C entral R eztocze  (co -o rd : I z d e b s k i ) ;  etc.

T h e  ex am ination  w ith  a sim ila r a im , from  a n  ecological aspect, o f  th e  deciduous and 
th e  ev erg reen  forests o f E a s te rn -E u ro p e  is lin k ed  w ith  th e  nam e of Z e l l n i k e r  (1967, 1968, 
1969) a n d  G o r y s i n a  (1969, 1975).

T h e  reactions, b e h av io u r on  in d iv id u a l an d  assoc ia tions level (a g ric u ltu ra l  cu ltu re  !) 
o f  p la n ts  in  re la tio n  to  l ig h t a re  ex am in ed  in  th e  schools o f E sto n ia n  b io p h y sic is t, b io m a th e ­
m a tic ia n s ,  and  th eo re tica l eco log ists ( A .  L a i s k , H . M o l d a u , T. N i l s o n , J .  R o ss , H . T o o m i n g , 

e tc .,  in  R o ss  1975).
I n  C zechoslovakia, sev era l re sea rch  cen tres h av e  been  se t up  for fo res t ecological 

e x a m in a tio n s  (P rague, B ra tis la v a , Zvolen). W hile b y  th ese  days th e  P rague  school (fo r exam ple, 
È a t s k y  1978 etc.) to o k  p r im a rily  a physio logical a n d  biochem ical tre n d , in  B ra tis la v a  the 
fo re s t  ecological ex am in atio n s in  th e  fields co n tin u e  to  be d o m in a n t ( M .  D u d a — E . M a s a r i v i - 

c o v a  1978). The N o rth -E u ro p e a n  S ta te s  c o n tr ib u te  p r im a rily  to th e  resea rch  in to  th e  ecology 
o f e v e rg re en  forests (for ex am p le , L u n d , U p p sa la , B. A x e l s s o n  1976).

O n  th e  basis o f th e  co m m o n  o b jec tu m  ( P in u s  silvestris), th e  resea rch  w orks re la ted  to 
th e  re la tio n sh ip  be tw een  p h o to sy n th es is  an d  lig h t c an  also be p u t  in to  th is  ca teg o ry . One of 
th e  c e n tra l  problem s is th e  q u e s tio n  of a rtif ic ia l lig h t sources ap p ro x im a tin g  n a tu ra l  ight 
( Z e l a w s k y  and co-w orkers 1973, 1976).

I n  H u n g ary , th e  ecological re sea rch  in to  th e  re la tio n sh ip  be tw een  lig h t a n d  p ig m en t in 
n a tu r a l  fo res t com m unities w as b eg u n  b y  F e k e t e  (B u d a  Hills, 1974), an d  J a k u c s  and  co­
w o rk e rs  (S íkfőkút P ro je c t 1973).

R esearch  a rea  an d  m ethod

T h e  forest ecological e x am in a tio n s  were carried  on in  th e  102 y ear old M elitti- Fagetum  
s ta n d  a t  Farkasgyep ii ( M a j e r  1976), w hich  is a t  th e  sam e tim e the  com m on re sea rch  a rea  of 
th e  F o re s t  and  W o o d -In d u s tria l U n iv e rs ity  o f Sopron , th e  M inistry  of A g ricu ltu re  a n d  Food, 
a n d  th e  A cadem y C om m ittee  o f V eszprém .

T h e  beechwood d eco ra te s  on  a leached  b ro w n  e a r th  w hich developed o n  a loess p a ren t 
m a te r ia l  se ttled  on lim estone. T h e  a n n u a l average  of p re c ip ita tio n  is 866  m m , w ith  on early- 
su m m e r  m axim um , on th e  basis o f d a ta  co llected  in  th e  la s t 50 years a t  F a rk a sg y e p ű ; the 
a n n u a l  m ean  tem p e ra tu re  is 8.9°C , th e  a n n u a l m ean  f lu c tu a tio n  of th e  te m p e ra tu re  is 21°C, 
th e  n u m b e r  of foggy d ay s is 35. T h e  ba lan ced  te m p e ra tu re , th e  q u a n ti ty  o f p re c ip ita tio n  the  
t im e  o f i ts  m axim um  in d ic a te  a  su b a tla n tic  c lim atic  e ffect. U nder th is in flu en ce , th e  M elitti- 
F a g e tu m  is a lready  zonal a t  an  a lt i tu d e  of 300 m.

Light measurements. —  W e m easured  th e  lig h t in te n s ity  a t  c o n s ta n t p o in ts  assigned in 
a d v a n c e  in  the  herb lay e r o f th e  fo res t, a t  a h e ig h t o f 30 cm , w ith  a LANGE-type lu x  m ete r 
p la c e d  ho rizon tally . To e s tim a te  th e  re la tiv e  lig h t in te n s ity , synchronous re co rd in g  w as carried  
on  th e  n e a rb y  clearing w ith  a P U  150 lu x  m eter. T h e  read in g -o ff w as c a rried  on  a t  m ax im al 
su n  h e ig h t, a t  noon-tim es. In  sp rin g , in  th e  period  of fo lia tio n , m easu rem en ts  w ere carried  on 
o f te n  (b y  10 days), in  o th e r  pe rio d s b y  3 —4 weeks.

The determ ination o f  photosynthetic p igm ents. B y  tak in g  th e  basic  seaso n al dynam ics 
o f th e  fo res t in to  co n sid era tio n , we to o k  th e  leaves o f possib ly  id en tica l age a n d  s ta te  o f the 
d o m in a n t  sw ard-form ing species in  th e  m ain  asp ec ts , be tw een  9 and  11 in  th e  m orn ing . Discs 
o f  k n o w n  d iam eter w ere c u t  o f th e  leaves w ith  a corkscrew . One h a lf of th e  m a te ria l  w as th en  
p ro c essed  in  a lab o ra tó riu m , th e  o th e r  h a lf  was p u t  aside to  de te rm in e  th e  d ry  w eight. By
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species, 20 leaf discs (from  20  leaves of 20 p lan t in d iv id u a ls )  w ere ta k e n  as a sam p le ; th is  was 
re p ea te d  3 tim es (60 discs). T h e  sam pling  was re p ea te d  b y  species 3 tim es in  sp ring  (180 
discs), while in su m m er a n d  a u tu m n  tw ice (120  discs).

T he 20 discs w ere hom ogenised  in b ray in g  m o rta r , co n ta in in g  lit t le  cc. a ce to n  w ith  the  
ad d itio n  of a sm all q u a n ti ty  o f M gC 03, and  — if necessa ry  —  p u re  sand . T h e  m ate ria l was 
th en  g lassfiltered  (G ,), p h o to m e tre d  by  Spekol p h o to m e te r  ch lo rophy ll-a  a t  662 nm , chloro­
p h y ll-6 a t  646 nm , c aro ten o id s a t  440,5 nm . T he ca lcu la tio n s w ere carried  o u t a f te r  W e t t s t e i n  
(1957). The p igm en t va lues w ere re la te d  to  th e  d ry  w e igh t o f th e  lea f and  to an  a rea  o f  100 cm2. 
T h e  p la n t  species se lec ted  fo r th e  exam in atio n s w ere th e  d o m in a n t g e o p h y ta  a t  spring 
tim e : A nem one ranunculoides, D entaria enneaphyllos, C orydalis cava; an d  species fo rm ing  facies 
in  a  m ajo r p a r t  of th e  y e a r ; O xalis acetosella, Galium  odoratum , Viola silvestris , Carex pilosa, 
an d  th e  sum m er tim e Circaea lutetiana.

Sam pling tim es: M arch  29, 30, A pril 27, 29, 30, M ay 3, 5, Ju n e  26, 27, 29, 30, Sep tem ber 
7, 8 in 1977.

R esults and D iscussion

T he green m ass c o n ta in in g  p h o to sy n th e tic  p ig m en ts  in  beechw oods d iv ides in to  a to ta l 
o f tw o large basic lay e rs, viz. th e  p las tica lly  closed can o p y  exposed  to lig h t, a n d  absorb ing  it, 
an d  th e  herb  lay er, w hich  lives in  th e  dom ain  of low  lig h t in te n s ity . B y th e  ev idence  of our 
lig h t in ten sity  m easu rem en ts , i t  is 1 -2 % of the to ta l  lig h t in te n s ity  in  sum m er w hich comes to 
rea liz a tio n  in  th e  h e rb -la y e r o f th e  beechw ood. A ssu m ab ly , th e  c h ara c te ris tic , e x trem e  ligh t 
c lim ate  o f the  h e rb -la y er m u s t hav e  an  influence also on  th e  va lues of th e  p ig m e n t c o n ten t of 
th e  liv ing  com ponent. F o r  th is  purpose , th e  p h o to sy n th e tic  p ig m en t analyses o f  th e  d o m in an t 
sw ard-form ing  h e rb -la y e r species w ere p u t  on th e  p ro jec t. S im ilar e x am in a tio n s  were also 
c a rried  o u t p rev iously  in  o th e r  beechw ood in  H u n g a ry  (P ilis  H ills, V öröskő, b y  D r a s k o v i t s  

1975; D r a s k o v i t s  an d  F e k e t e  1976).
A certa in  em phasis p u t  on  th e  ex am inations o f th e  h e rb -lay er o f fo rests is n o t o f a novel 

c h a ra c te r . Since th e  b eg in n in g  of th e  c en tu ry  — C a j a n d e r  an d  his follow ers —  fo res t typo logy  
p ro v ed  useful for p rac tice  in  fo res try  th ro u g h  th e  re co g n itio n  of th e  role o f p la n ts  w hich  live 
in  th e  h e rb -lay er as in d ic a to rs  o f  h a b ita t.  M a j e r  (1952) also applies th is  in v es tig a tio n  in 
beechw ood in  H u n g ary .

W e ex ten d ed  o u r p h o to sy n th e tic  p ig m en t ex am in a tio n s , b ey o n d  th e  usual 
ch lo rophy ll e x am in a tio n s  also to  th a t  of ca ro ten o id s .

T he su m m arisa tio n  o f th e  lig h t in te n s i ty  m easu rem en ts  is given in  
T ab le  1; th e  values o f  th e  p h o to sy n th e tic  p ig m e n t c o n c e n tra tio n  o f  d o m in an t 
h e rb -lay e r species (m g p igm ent/1  gr d ry  m a tte r )  are  given in  T ab le  2; th e  
p ig m en t co n te n t va lu es  (m g pigm ent/100  cm 2 o f le a f  area) are  to  be found 
in  T ab le  3.

T he de fin ite  ten d en c ies  o f th e  values o f ch lo ro p h y ll c o n te n ts  re la te d  to  
le a f  area  are to  be em phasized  (Table 3);

(1) du ring  th e  v e g e ta tio n  period , th e  q u a n t i ty  of all ch lo ro p h y ll com ­
p o n en ts  increases, show ing  an  a u tu m n  m ax im u m ;

(2) th e  ch lo ro p h y ll c o n te n t o f th e  g e o p h y ta  grow ing in  e a rly  sp ring-tim e
su rpasses to  a g re a t e x te n t  th a t  of th e  h e m ic ry p to p h y ta  grow ing 4 5 weeks
la te r  a t sp ring-tim e.

The c o n c e n tra tio n  values of to ta l  ch lo ro p h y ll an d  ca ro ten o id  in  th e  
species exam ined  are  g iven  in F ig . 1, tho se  o f ch lo rophy ll a an d  b  co n cen tra ­
tio n  in  Fig. 2.
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Table 1

Light intensity values in  the herb-layer o f a beechwood at Farkasgyepű , 
based on the average values measured in  the years 1976 — 77— 78

Light intensity in 103 lux Relative light intensity 
in %

clear cloudy clear cloudy

E arly  spring 
M arch 1 0 - 2 9

20 -24 9 12 52 48

Spring
April 28 —M ay 7 
foliation

8 .6 3.2 13 12

Sum m er
Ju n e  17 —A ugust 5

0.8 0.4 1.0 1.5

A utum n
Septem ber 7 —17

2.9 2.4 9 6

Table 2

Photosynthetic pigm ent concentration
in  the leaves o f understory species in  beechwood (mg/gr dry matter) Farkasgyepü , 1977

Chlorophyll a mg/g Chlorophyll b mg/g

spring summer autumn spring summer autumn

A n em o n a  ranunculoides 8.580 4.258

D entaria  enneaphyllos 11.049 6.571

C orydalis cava 10.267 5.679

Oxalis acetosella 3.328 9.076 9.414 2.641 5.833 6.125

G alium  odoratum 4.056 9.038 9.892 2.284 5.899 6.578

Viola s ilvestris 4.405 9.140 8.637 2.570 5.773 5.105

Car ex p ilo sa 3.753 4.768 5.704 2.239 3.420 3.475

Circaea lu te tiana 11.298 7.372

Galeobdolon lu teum 8.797 8.850 5.939 5.637

Chlorophyll a +  b mg/g Carotenoid s, mg/gr

spring summer autumn spring summer autumn

A nem one ranunculoides 12.834 2.527
D entaria  enneaphyllos 17.627 2.881
Corydalis cava 15.946 2.745

Oxalis acetosella 5.970 14.908 15.440 1.567 2.340 2.559

Galium  odoratum 6.341 14.939 16.471 1.493 2.216 2.409

Viola s ilvestris 6.976 14.914 13.746 1.476 2.613 2.084

Car ex p ilo sa 5.993 8.185 9.180 1.037 1.110 1.481

Circaea lu te tiana 18.672 3.067

Galeobdolon luteum 14.737 14.488 2.328 3.519
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Table 3

The photosynlhelic pigm ent content in the leaves or herb-layer species o f  beechtcood ; 
mg/100 cm2 o f  leaf; F arkasgyepű , 1977

Species
Chlorophyll a mg/100 cm* Chlorophyll b mg/100 cm*

spring summer autumn spring summer autumn

A nem one ranunculoides 2.048 1.016

Dentaria enneaphyllos 2.043 1.217

Corydalis cava 1.921 1.063

Oxalis acetosella 0.553 1.293 1.289 0.439 0.830 0.848

Galium  odoratum 1.157 2.316 3.152 0.654 1.511 2.096

Viola silvestris 1.413 1.825 2.652 0.819 1.152 1.568
Car ex p ilosa 1.384 2.453 3.599 0.825 1.760 2.193
Circaea lutetiana 1.429 1.429 0.933

Galeobdolon luteum 1.805 2.223 1.217 1.581

Species
Chlorophyll a -f b mg/100 cm* Carotenoids /mg/100 cm*

spring summer autumn spring summer autumn

A nem one ranunculoides 3.064 0.603

D entaria enneaphyllos 3.261 0.533

Corydalis cava 2.984 0.514

Oxalis acetosella 0.992 2.123 2.137 0.260 0.333 0.354

Galium  odoratum 1.811 3.827 5.248 0.427 0.568 0.767

Viola silvestris 2.232 2.977 4.220 0.472 0.522 0.640
Car ex p ilosa 2.209 4.213 5.792 0.382 0.571 0.937

Circaea lutetiana 2.362 0.388

Galeobdolon luteum 3.022 3.804 0.477 0.922

T h e c o n c e n tra tio n  of to ta l  ch lo rophy ll re la te d  to  the  d ry -m a tte r  c o n te n t 
o f ea rly  sp rin g -tim e  g eo p h y ta  is a high v a lu e , a t  ab o u t 15 n ig /g . T h e  sam e 
va lu e  in  re la tio n  to  le a f  area  is a lto g e th e r 3 m g/100 cm2. In  th e  u n d e rw o o d  of 
the  beeches th e se  are  th e  only  no t d e f in ite ly  sh ad e  ad ap ted  p la n ts . In  th e ir  
perio d  o f  flow ering , a t  noon, th e y  receive l ig h t o f  a volum e of 20 24 th o u sa n d
lux , w hich  is a b o u t 50%  of th e  to ta l lig h t. T h u s , even the  co m p le te ly  fo liage­
less beechw ood has a considerab le  effect o f  f ilte r in g  light. W e c o n s id e r the 
ra ised  ch lo rophy ll co n cen tra tio n  of th e  g iven  species concerned as an  a d a p tio n  
to  til ese lig h t cond itions.

Z a b o t in a  (1973) d id  n o t experience an  increase  to  such an e x te n t  in  th e  
ch lo rophy ll c o n c e n tra tio n  o f oarly-spring  g e o p h y ta . One of th e  rea so n s  fo r th is  
is c e r ta in ly  to  he found  th a t  th e  p lan ts  e x a m in e d  by  her grow in m ix ed  oak- 
w ood o f en tire ly  d iffe ren t ligh t d y n am ics, w h ich  are lighter, an d  o f  d iffe ren t
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a+b
Q  Carotenoids

D.e = Dentana enneaphyllos 
C.c = Corydalis cava

G.o.=Galium odoratum 
V.s.=Viola silvestris

Circ-Circaea lutetiana 
G.l. =Gateobdolon luteum

Fig. 1. C hlorophyll (а -f- b )  a n d  ca ro ten o id  co n ce n tra tio n  in  th e  leaves of species o f  th e  h e rb - 
lay e r o f b eech es (m g/gr d ry  m a tte r) .  F a rk a sg y e p ű , 1977

□  Chlorophyll a
□  Chlorophyll b

A r. = A nem one ranunculoides 
D e. = D entaria enneaphyllos 
C.c =Corydalis cava

Ox.=Oxalis acetosella 
G.o.=Galium odoratum 
Vs.rVlola silvestris

Cp =Carex pilosa 
Circ = Circaea lutetiana 
G.l =Galeobdolon luteum

F ig . 2. C hlorophyll c o n c e n tra tio n  in th e  leaves o f h e rb - la y e r  species (m g/gr d ry  m a t te r )
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ЗА

3.B
mg /g

3 i
2 -

o

Early spring Spring Summer Autumn

Anemone
ranunculoides
Dentaria

A enneaphyllos
•  Corydalis cava
о  Circaea lutetiana

------  Oxalis acetosella
.........Galium odoratum
------ Viola silvestris
------ Carex pilosa

F ig . 3. Seasonal changes in  th e  co n cen tra tio n  of ch lo ro p h y ll (a  -j- b)-A  an d  caro ten o id s-B  in
herb -lay er species o f  beeches

plant geographical characteristics and species com position, even though part 
of them  does not separate taxonom ically  from  our dom estic species.

In the vegeta tion  period, the species follow ing the early spring-tim e  
geopliyta grow and flow er in the underwood o f the foliated  heechw ood, under 
decreased light conditions (Table 1, Figs 1 and 2).

W e found th a t both  the tota l chlorophyll concentration o f the plant 
species in the tw o kinds o f species groups early spring tim e G and spring 
tim e H  and th e  ligh t in tensity  characteristic at the sam pling tim e are 
different to  a great ex ten t. W e consider th is phenom enon as an ecophysiolog- 
ical reaction to  an abiotic, exterior ecological factor, on the population  level. 
The fact that the above m entioned pigm ent reaction takes place in the popula­
tion  o f even several species, convergently, deserves special a ttention .
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Table 4

Photosynthetic p ig m en t ratios, and the ratio between iveight 
and surface in  the leaves o f  understory species in  beechwood 

F arkasgyepű , 1977

Species
Chlorophyll a/h Chlorophyll/carotenoids Dry weight/leaf surface 

mg/100 cm2

spring summer autumn spring summer autumn spring summer autumn

A nem one ranunculoides 2.015 5.078 2.38

D entaria enneaphyllos 1.680 6.118 2.04
Corydalis cava 1.806 5.809 1.87
Oxalis acetosella 1.259 1.555 1.520 3.809 6.379 6.033 1.32 1.42 1.42
Galium  odoratum 1.775 1.532 1.503 4.247 6.741 6.837 2.88 2.59 3.18
Viola silvestris 1.710 1.583 1.691 4.726 5.707 6.595 3.20 1.99 2.30
Carex p ilo sa 1.675 1.394 1.641 5.779 7.373 6.198 3.70 5.16 6.35
Circaea lu te tia n a 1.532 6.088 1.26
Galeobdolon lu teum 1.481 1.569 6.330 4.125 2.07 2.30

In  th e  course of analysing the total chlorophyll concentration o f early- 
spring geo p h y ta , also the question  o f quick life rhythm  was raised as a possible 
factor in flu en cin g  the chlorophyll concentration (see later).

A tten tio n  was paid during the whole vegetation  period to the pigm ent 
con cen tration  in the leaves o f th e  dom inant facies-form ing species of the beech- 
wood at Farkasgyepű Figs 1, 2 and 3.

T he chlorophyll concentrations average of the m easured at the tim e of 
the spring sam pling at the end o f April is 5 6 m g/g. This value corresponds
to  th e  d a ta  given in the literature (I. M a r o t i  1976). The O x a l i s , G a l i u m ,  V i o l a ,  

C a r e x  sp ecies quartet w ith  th e  exception  of C a r e x  p i l o s a , shows very  sim ilar 
values o f  chlorophyll concentration . The chlorophyll concentration values of 
C a r e x  p i l o s a  are smaller (this d ifference does not refer to  lea f areas; Table 3). 
The low er chlorophyll concentration  o f C a r e x  p i l o s a  is a consequence o f  the 
anatom ical characteristic o f th e  strongly  sclerenchym atic leaf, a species char­
acteristic  w hich m anifests its e lf  well in the ratio o f  w eight and area o f the  
leaves (T able 4).

The chlorophyll concentration  values o f the herb-layer species o f the  
beechw ood exam ined take a characteristic curve in sum m er, when we measured  
at least tw ic e  as much chlorophyll concentration as in spring. In this tendency, 
along w ith  the infraindividual phenom enon of the increase in p igm ent related  
to th e  ontogenesis of leaves, in our opinion also a reaction o f supraindividual 
level g iv en  to  the change in an external environm ental factor - ligh t in ten ­
sity  — is m anifested. Light in ten sity  in the herb layer o f the entirely foliated
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beechwood is very low  in sum m er, 700 lu x  on th e  average, 1%  of the to ta l 
light, which can m ean th e  lower lim it o f light in ten sity  from the v iew poin t o f  
the occurrence and flow ering o f the given species (F il z e r  1940). This clim ate  
of low light in ten sity  practically  does not change during the tw o and a half 
sum m er m onths, and ow ing to the p lastically  closing, hom ogeneous canopy of  
the beechwood, its horizontal variability  is also negligably sm all.

The hom ogeneity o f  the summer light clim ate characteristic of the herb- 
layer in the beechw ood appears pregnantly in the level o f p igm ent structure in 
the living com ponent; the surprisingly identical chlorophyl concentration of 
the species exam ined is a reflexion of th is phenom enon (Figs 1, 2 and 3). All 
the chlorophyll com ponents in Oxalis, G alium  and V iola  are o f alm ost identical 
concentration; the species reaction of Carex p ilo sa  w hich shows different values 
has been discussed above.

The species o f quick growth which are leafy  on ly  in summer, thus begin  
their vegetative period late and finish it  earlier, are o f a different growth  
dynam ics. They were represented in the beechw ood at Farkasgyepű by Circaea 
lu tetiana  in a considerable quantity  and cover. The chlorophyll concentration  
of Circaea surpasses th a t o f all the species exam ined during summer. Thus, in 
our experience, the species of rapid life rhythm  (early spring geophyta, see 
above and the Circaea) possess high chlorophyll concentration. The summer 
chlorophyll concentration  values of Galeobdolon lu teum  the hom ogeneous 
species trio, viz. O xalis , G alium  and Viola.

B y the tim e o f th e  autum n sam pling, th e  hom ogeneity experienced in 
summer period in respect of the chlorophyll concentration o f the species 
exam ined came to  an end. As a consequence o f  the reduced altitude o f the sun, 
the quantity of the ligh t falling laterally to  the herb-layer o f the forest is larger, 
which led to greater differences in light in ten sity  even under the still hom o­
geneously closed canopy. This, and also the spectral alteration in light can be 
the cause o f the autum n changes in the chlorophyll concentration. The chloro­
phyll concentration o f th e  species, in com parison w ith  the summer level, con­
tinued rising (Table 2, F igs 1 and 3). Carex p ilo sa  also followed th is trend, but 
to  a smaller extent.

Considering the fact th at similar exam inations took place in respect of 
dom estic forest com m unity  ( T u b a  1977), it  seem s reasonable to  compare the  
results, even though th e  tw o forests are very different both plant-geographi- 
cally and ecologically. The turkey oak forest o f  Eger-Síkfűkút, Quercetum  
petraeae-cerris, is a m ixed oak forest o f central range o f hills, w ith a defin ite  
pannonian-continental-subm editerranean character (M. P a p p  and J a k u c s

1976). The M elitti-F a g e tu m  o f beech dom inance, a t Farkasgyepű is a habitat 
w ith balanced clim ate, and o f sub-atlantic character, w ithout any continental- 
ity  ( M a j e r  1976). The chlorophyll concentration values related to the species 
of the herb-layer and shrub-layer in the turkey oak w ood of Síkfőkút (the two
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layers w ere contracted by the author on a light ecological basis) assum ably are 
far la g g in g  behind those o f th e  underwood o f the beechw ood (2 — 4 m g/g sum ­
m er). T h e tw o forests are d ifferent from each other also w ith  respect to  the  
degree o f  their light in ten sity  and its seasonal changes (L. N a g y  1976). There­
fore, a com parison betw een th e  herb-layer species o f different taxon om y is 
ju stif ia b le  only in case o f draw ing very  general conclusions: in the lierb-layer

3- Chlorophyll a/b

Early spring Spring Summer Autumn

AB

Early spring Spring Summer Autumn

Anemone 
“ ranunculoides
. Dentaria 

A enneaphyllos
•  Corydalis cava 
О Circaea lutetiaria

------ Oxalis acetosella
........ Galium odoratum
------Viola silvestris
------ Carex pilosa

Fig. 4 . S e a so n a l changes in  th e  p ig m e n t ra tio s  o f h e rb -lay er species in  beeches. A : ch lo ro p h y ll a /b ;
B : ch lo ro p h y ll/caro ten o id s

of v e r y  low  light in tensity  o f th e  beechw ood w ith more closed canopy, the 
ch lorophyll concentration o f th e  species becom es enriched to  a considerable 
ex ten t.

S in ce  th e  dynamics o f the ch lorophyll-а concentration values is identical 
w ith th a t  o f  the total chlorophyll content discussed so far, we deal w ith  them  
in no d eta il.

C hlorophyll-b is an im portant ecological factor o f the habitats w ith  very  
reduced lig h t in tensity  of stra tified  p lant com m unities. The chlorophyll-b con­
cen tration  values of the species o f  the beechw ood herb layer at Farkasgyepű  
are g iven  in  Table 2 and Fig. 2. S im ilarly to  the values of the to ta l chlorophyll 
con ten t, th ose  of chlorophyll-b are higher in early spring geophyta, than  in 
spring hem icryptophyta , in  w hich  how ever the chlorophyll content becom es 
enriched b y  the summer and b y  th is  tim e it reaches the level o f chlorophyll
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content found in early spring geophyta. I t  further rises to a small e x te n t b y  
autum n. The rem arkable summer rise in chlorophyll concentration can he an 
ecological reaction o f the species liv in g  in the area w ith  minimum light in ten sity .

Under natural conditions, in organised p lan t com m unities, the chloro­
phyll a/b ratio provides useful ecological inform ation on both the in d iv idual 
plant populations, and on some layer o f  the com m unity , resp. on its  w hole. 
The chlorophyll a/b  ratio of the herb layer species o f  beechwood is in d icated  
in Table 4 and F ig . 4.

The physiological chlorophyll a/b ratio is a va lu e around 3.0; w ith  very  
high fluctuation; depending on the light-ecological conditions, it can be 1 — 5, 
w hich is still considered as a physiological flu ctu ation . All the species in the  
herb layer of beechw ood are o f a sm all chlorophyll a/b ratio, typical shade  
adapted plants, w ith  an extrem ely sm all ex ten t o f  fluctuation; the extrem e  
values, all the populations and the com plete veg eta tio n  period considered, are 
betw een 1.25 and 2.01. This is especially  rem arkable because the sign ifican t  
ligh t dynamical changes, m anifesting them selves seasonally in the herb layer  
o f the beechwood, do not realise in the chlorophyll a/b ratio. We consider the  
fixed  state of chlorophyll a/b ratio, not in for one level, as characteristic for 
of all the herb-layer species; it is a sign ificant proof of pigm ent adaptation  
to  light.

It is a general tendency in th e  beechw ood th a t the chlorophyll a/b ratio  
decreases from spring to summer owing to the sum m er increase in ch loro­
phyll-1) — then apart from a few exceptions by th e  autum n it again increases, 
thus it is of a sum m er minimum.

The spring chlorophyll a/b ratio o f O x a l i s  a c e t o s e l l a , living in the forest 
floor, is especially low . Its leaves are o f  such anatom ical, physiological char­
acteristics th at are different from those o f the species appearing in th e  com ­
parison. This is convincingly  shown b y  the w eight/surface ratio (Table 4 ). Its  
pigm ent level related  to  leaf area is m uch lower th an  th a t of the other species  
(Table 3). The developm ent of its leaves begins under the litter. This is w h y , 
in our opinion, th e  chlorophyll-b level is higher, and following from th is  the  
chlorophyll a/b ratio  is smaller. I t  can therefore b e said that the different a/b 
values in O x a l i s  are species characteristics.

C arotenoids o f te n  ap p ear am ong p h o to sy n th e tic  p ig m e n ts  in  the  category  of “ o th e r”  
o r w ith  some o th er a t t r ib u tiv e  ep ithe ts . T h is  is an  in d ic a tio n  o f th e  d ifferen t b iosy n th es is  a n d  
ro le o f caro teno ids, b u t  a t  the  sam e tim e  also o f th e  fa c t  t h a t  our know ledge r e la te d  to  
th e m  is in  com parison  w ith  th e  ch lorophylls m ore m odest. T h e  ro le o f carotenoids in  th e  p ro ­
cess o f  th e  p h o to sy n th es is  is only p a rtly  u n d e rs to o d . T he ca ro ten o id s  have a dual physio log ica l 
role. O n the  one h a n d  th e  caro teno ids b y  th e ir  lig h t a b so rp tio n  p ro tec t the  lig h t-se n sitiv e  
p h o to sy n th e tic  a p p a ra tu s  from  the  p h o to d e s tru c tio n  ( R a b i n o w i t c h  and G o v i n d j e e  1969). 
T h e  ca ro ten o id -d efic ien t m u ta n ts  i.e. c e rtify  th e  irrev e rsib le  d am age of the  p h o to sy n th e tic  
a p p a ra tu s  in  th e  e x p e rim e n ts  b o th  of low er an d  h igher p la n ts  —  un d er op tim um  lig h t  con-
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d ir io n s  ( F a l u d i -D á n i e l  1973). O n th e  o th e r h a n d  th e ir  fu n c tio n  is th e  en erg y  t r a n s p o r t  to  
c h lo ro p h y lls , w hich h as b een  la te ly  p roved  also to  th e  h ig h er p lan ts  ( T r e b s t , A v r o n , 1977 
G o v i n d j e e  1975).

A fter exam ining the extrem e light and chlorophyll concentration  char­
a cter istics  of the herb layer in the beechw ood, we paid special a tten tion  also 
to  carotenoids in our exam inations.

W e first of all w anted  to survey th e  quantity  relations o f  the total 
caroten o id  in the species o f  the herb-layer in  beechw ood, to trace th eir  seasonal 
d yn a m ics, then we m ade attem pts to  determ ine the characteristics on a supra- 
in d iv id u a l level.

T he carotenoid content in the leaves o f our test plants is show n in 
T ab le  3, while the carotenoid concentration in  Table 2.

T he total carotenoid content and concentration  of the species exam ined  
m o v e w ith in  very narrow extrem e va lu es, considering both the individual 
sp ecies and the seasons. The concentration values related to tota l carotenoid  
in  th e  literature are sim ilar to the data g iven  in Hungarian literature (I. 
M a r o t i  1976; T u b a  1977). Considering th eir  annual dynam ics, th e  carotenoid  
con cen tration  increases very  defin itely  during the vegetation  period. This 
te n d e n c y  is in agreem ent w ith  that o f th e  chlorophylls, thus, in the forest 
co m m u n ity  exam ined, the tota l p igm ent con ten t of the species in the herb- 
layer  gradually increases from  spring to autum n.

In  comparison w ith  th e  herb-layer o f  the turkey oakwood o f S íkfőkút, 
th e  p igm en t concentration in the leaves o f  th e  herb-layer plants o f beechw ood  
is h igh er  also in relation to  carotenoids th an  that of the oakw ood, both in 
su m m er and in the autum n. The rising ten d en cy  in the autum n level o f  caro­
ten o id  is common in the herb-layer of the tw o  forests.

D uring the lea f ontogenesis, the q u a n tity  of the carotenoids increases. 
T he e x te n t of the increase in the develop ing leaves lags behind th a t of the  
ch lorop h yll, while during th e  aging of the le a f  it surpasses th at o f  th e  chloro­
p h y ll. This pigm ent increase o f different e x te n t is reflected b y  th e  changes in 
th e  chlorophyll/carotenoid ratio (Fig. 4).

A fter the relatively  higher carotenoid concentration o f the early  spring 
g eo p h y ta  the carotenoid concentration o f th e  dom inant herb-layer species is of 
a m u ch  lower level. I t gradually increases in the later vegetation  periods and 
b y  th e  summer it approxim ates the carotenoid  level of the geophyta m easured  
at th e  end of March. W e call attention  to  the phenomenon also occurcd in 
th e  seasonal dynam ics o f th e  chlorophyll concentrations.

In  three of the dom inant herb-layer species (O x a l i s , G a l i u m  and V i o l a )  

th e  carotenoid concentration  values are v e r y  similar and it w as on ly  th at of 
C a r e x  p i l o s a ,  which is re la tively  separating also in  other respects, th a t proved  
sm aller (Fig. 3). The dynam ics o f the carotenoid  concentration va lu es in  C a r e x  

p i l o s a ,  although in its ten d en cy  it is in agreem ent with that o f the other three
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species, is different in th a t the greater q u an tita tive  gradient is not between  
spring and summer hut betw een summer and autum n. A part m ay be played  
in this by the rhythm  o f the leaf growth in C a r e x  p i l o s a  : the new leaves appear­
ing in spring for a tim e still live together w ith the last year’s decaying leaves 
which takes as long as by the beginning of the sum m er to  disappear com pletely.

As a consequence o f  the later and more protracted growth o f the new  
leaves, the gradient o f the higher carotenoid concentration is thus in com ­
parison w ith the other three species, which erect their leaves earlier, shifted. 
Owing to the more rem arkable dynam ics of the chlorophylls, th is phenom enon  
w as not experienced w ith  them . The higher pigm ent concentration  o f C ir c a e a  

l u t e t i a n a  which has leaves only in summer, and is o f a shorter life cycle m ani­
fested itse lf also in the case o f carotenoids.

The interpretation o f the chlorophyll/carotenoid ratio in natural eco­
system s is theoretical, hypothetical (owing also to  the sm all num ber o f exam ina­
tions carried out so far, O d u m , E . P. (1971) pays special a tten tion  to the 
chlorophyll/carotenoid ratio related to aquatic ecosystem s), and brings its 
changes into connexion w ith  the aging of th e  structures. In the case of forest 
com m unities other consideration are also necessary. According to  the author, 
the chlorophyll/carotenoid ratio decreases w ith  aging; th is is a consequence of 
the increase in carotenoids, and it is in connexion w ith the respiration which is 
more effective than photosynthesis.

The m ost striking characteristic o f the chlorophyll/carotenoid ratio is the  
underwood plants o f  beeches is the hom ogeneity (Table 4). The sam e hom o­
geneity , balanced sta te  could be experienced in the chlorophyll a/b ratio, too. 
The m ost relevant characteristic o f the herb-layer plants o f the beechwood  
exam ined was the stable, also ecologically fixed  sta te  o f  the p igm ent ratios, 
which set in for a g iven level.

In spite o f the m ovem ent appearing on ly  in sm all values the chloro­
phyll/carotenoid ratio shows a definite seasonal dynam ics (F ig. 4), w ith an 
expressed summer m axim um . The high chlorophyll/carotenoid ratio in sum ­
mer follows from the rela tively  reduced presence o f  the carotenoids. From this 
sum m er decrease o f  the carotenoid — in com parison w ith  the chlorophyll — 
we inferred that in the herb-layer o f the beechw ood, which can be characterized  
as having balanced environm ental conditions poor in ligh t, it  is in  th is period 
th a t the chlorophylls “ n eed ” the least protection o f the carotenoids.

Carotenoid concentration spring <7 sum m er autum n
Chlorophyll a +  b concentration spring sum m er <7 autum n  
Chlorophyll/carotenoid spring summer autum n

The above sketch  dem onstrates th at the different ex ten t o f  the increase 
in the various pigm ents changes the chlorophyll/carotenoid ratio.
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Т о  th in k  of th e  s u p p o r t in g  ro le of ca ro ten o id s  is th e  m ost in d ic a te d  in 
th e  e a rly -sp rin g  g eo p h y ta . T h e re fo re , we could ex p ec t ow ing to  th e  h igher 
v a lu e s  o f  carotenoids h e re  a low er ch lo ro p h y ll/ca ro tcn o id  ra tio . T h a t  th is  
d id  n o t  even tak e  th a t  c o u rse  can  be  ex p la ined  b y  th e  fa c t th a t  in  g eo p h y ta  
th e  h ig h  carotenoid  c o n te n t  is accom pan ied  b y  a v e ry  h ig h  ch lo rophy ll con­
t e n t .  T h is  is in ag reem en t w i th  th e  qu ick  d ev e lo p m en t o f g eo p h y ta , w ith  th e ir  
s h o r t  above-ground  life p e r io d , an d  increased  physio log ica l an d  p h o to sy n th e t-  
ic a l  in te n s i ty  (Go r y s in a  1969, 1975).

I n  th e  species of th e  h e rb - la y e r  in  th e  tu rk e y  o ak  w ood of S ík fő k ú t, a 
s m a lle r  ch lo ro p h y ll/ca ro ten o id  ra tio  is ch a rac te ris tic  ( T u b a  1977). T he seasonal 
c h a n g e s  in  th e  ra tio  is n o t  ex p re sse d , n o t d e fin ite , no  te n d e n c y  can  be s ta te d  
in  r e la t io n  to  oakw ood. T h e  id ea  arose th a t  also th is  p h en o m en o n  follows 
f ro m  th e  m ore ex trem e a n d  n a rro w e r  ecological c h a ra c te r  o f th e  h e rb -la y e r in 
b e e c h w o o d .

T h e  exam inations o f th e  lig h t in te n s ity  con d itio n s and  of th e  ch lo rophy ll 
a n d  ca ro ten o id  c o n c e n tra tio n  occu ring  in  th e  h e rb -la y e r o f th e  zonal h o rn b eam  
g ro v e  beechw ood a t B a k o n y -F a rk a sg y e p ű  led to  th e  fo llow ing re su lts :

(1  )  The herb-layer o f  the old beechwood w ith closed canopy is — especially  
in  su m m er  — o f a hom ogeneous , balanced light clim ate , w ith  strongly reduced 
lig h t in ten sity .

( 2 )  The herb-layer species, w ith  the exception o f  the early spring  geophyta, 
are ty p ic a l shade-adapted p la n ts , w ith  a relatively large photosynthetic p igm ent 
concentra tion  xvhich moves w ith in  a narrow interval.

( 3 )  The early sprin g  geophyta  separate m a in ly  w ith  their increased photo- 
sy n th e tic  p igm ent level fr o m  the dom inan t species o f  the herb-layer in  beechivood. 
T h is  d ifferen t character o f  the geophyta has probably developed under the eco- 
p h ysio lo g ica l effect o f  the life  fo rm -life  rhythm  and the higher light in tensity  
d o m a in .

( 4 )  The photosynthetic p ig m e n t concentration values o f  the herb-layer in  
beechwood are several tim es higher than those o f  oakwoods in  H ungary  (T u b a

1977) and  in  Eastern-E urope  ( G o r y s i n a  1969, 1975).
( 5 )  The photosynthetic p ig m e n t concentration o f  leaves o f  the various  

ta xo n o m ica l species shows sm a ll differences; the sm allest ones occur in  sum m er. 
T h is  is the realization o f  the u n ifo rm ity  o f  an inorganic environm ental fac to r— 
lig h t — in  the living com ponen t, at the level o f  photosynthetic  p igm ent.

( 6 )  P igment ratios, f i r s t  o f  all the chlorophyll a/b, are the most f ix e d  values, 
s ig n ific a n t indicators o f  the adap ta tion  to the environm ent.

( 7 )  A  common characteristic  coming about under the effect o f  not only  
ex terio r environm ental fa c to rs  o f  p lan ts w ith accelerated life rhythm  ( early 
s p r in g  geophyta, sum m er C ircaea lu tetiana)  is the raised level o f  the photo- 
sy n th e tic  pigm ent content.
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NEW ALGAE FROM HUNGARY

By

T . H o r t o b á g y i

BOTANICAL DEPARTMENT, UNIVERSITY OF AGRARIAN SCIENCE, GÖDÖLLŐ, HUNGARY 

(R eceived  M ay 15, 1979)

1 'he a u th o r  exam ined  th e  section  of th e  D a n u b e  a t B u d ap est, a n d  th e  w a ter 
p ro d u c in g  system s of th e  W a te r  W orks of B u d a p e s t,  from  algological v iew po in ts 
be tw een  1970 and 1976. In  th e  p re sen t p a p e r, he  describes 26 ta x a  of th e  observed  
organs w hich  are new for th e  science. Of th em  th e re  a re  8 nova species, 7 n o v a  v a rie ta s , 
11 nova  form a. Also a new  gen u s is described . O f th e  o rgans, 1 is C ynophyta: P elodictyon  
chlathratiform e  (Szafer) G e itle r f. m aius  H o rto b ., 1 Euglenophyta : Trachelom onas gre- 
g u ss ii I io r to b . var. danubia lis  H o rto b ., 24 Chlorophyta : Chlorogonium elongatum  D ang, 
va r. gigas H o rto b ., Pterom onas danubialis  H o rto b ., A ctinastrum  ellipsoideum  H o rto b ., 
A . hantzschii L agerh. v a r. curva tum  H o rto b ., B u rk ill ia  cornuta W . e t W . f. m inor 
H o rto b ., Chodatella d ila ta  (L ag e rh .)  Lem m . f. crassa H o rto b ., Ch. quadrangular is  H o r­
to b ., Ch. robusta  H o rto b ., C rucigenia laxa  H o rto b .,  D idym ocystis inerm is  ( F ő t t )  F o t t  
va r. danubia lis  H ortob ., D . inerm is  var. danubia lis  f. sim plex  H o rto b ., D idym ogenopsis  
n. gen., D. danubialis H o rto b .,  Ileleochloris conica K o rsch . f. minor H o r to b .,  K irchne- 
riella irregularis (Sm ith) v a r. danubialis  H o rto b .,  Lagerheim ia genevensis C hod . f. cras- 
siseta H o rto b ., L. genevensis f. granulata  H o rto b ., L . genevensis var. sp inosa  I io r to b .,  
L . genevensis va r. subglobosa (L em m .) Chod. f. crassiseta  H o rto b ., L. w ra tislaw iensis  
Schroed. f . flexocaudata  H o r to b .,  Tetraëdron caudatum  (C orda) H ansg. v a r . depaupereta  
P rin tz . f. granulátum  H o rto b ., Tetrallantos gracilis  H o rto b ., T. scenedesmoides H o rto b .,  
Tetrastrum  heteracanthum  (N o rd s t.)  Chod. v a r. crassisetum  I io r to b ., T . ten u isp in u m  
H o rto b . f. irreguläre H o rto b .

D iagnoses

1. Pelod ic tyon  c la th ra tifo rm e  (Szafer) G e itle r f. m ains H o rto b . n . f.
F igs 1 - 2

T h allu s filam en to su s , form a v a r iu s , e f ilam en tis  v a riis  m odis cu rvatis  laxe c o m p o s itu s . 
Cellulae e llipsoideae —  q u ad ra tae . 1,4— 6 x 1 ,3 — 2,6  //, m a te ria m  hornogeneam , p a llid e  coeru- 
leam , n o n n u n q u a m  e tiam  vacuolum  gasi co n tin en tes .

A specie ty p ic a  cellulis m aio ribus (non 0,6 0,8 p  la tis) d is t in c tu m .
P u te u s  ad  S u rá n y , V I., X . 1971. R aro .

2. T rachelom onas grcgussii H o rto b . v a r . danub ia lis  H o rto b . n . v a r .
Fig. 3

L orica  fe rru g in ea , 23,4— 19 p ,  p o ro  3 // d iam ., superfic ie  em ergentiis rectis , in c lin a tis ,  
p u n c tifo rm ib u s  o b tec ta .
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A specie ty p ic a  d is t in g u itu r :  1. collo a b s e n ti ,  2. m agn itud ine
D an u b iu s, 1674. f lu v . chilom . X . 1972. R arissim e.

3. C hlorogonium  e lo n g a tu m  Dang. v a r . g igas H ortob . n. var.
Fig. 4.

Cellulae convexe fu so id e ae , 100— 110X 15— 17 m e m b ra n a  noniiunquam  p a ru m  u n d u -
la ta e ,  p a r te  postica c ito  te n u ie sc e n te s , acu ta taeq u e , p a r te  a n tic a  sim iliter cito  tem iiescen tes , 
sed  d e in d e  ten u ite r  c y lin d rica e , a n te  finem  p a ru m  d i la ta ta e  e t  desectae; flagellis 2 , cca. p a r te  
1/4— 1/3 longitud in is ce llu lae  aeq u a lib u s, s tigm ate  e lo n g a to , vacuolis p u lsan tib u s  2, in  p las- 
m a te  corpusculis p lu rib u s  g lobosis e t nonnullis b acu lifo rm ib u s . C hloroplastus m ag n u s : p a r te m  
1/2  lo n g itu d in is  cellulae e ffic ien s , in  m edio cellulae d isp o s itu s , in  eo nucleus consp icuus, a n te  
e t  p o s t hu n e  py reno idae  s in g u lae  vel binae.

D anub ius, 1630. f lu v . chilom . IX . 1974. R aro .
A specie ty p ic a  m a g n itu d in e  (non 20 4 5 x 4  7 /î , cf. H u b e r  P e s t a ­

l o z z i  1961. p. 470) d is tin c tu m .

4. P te ro m o n as  danubialis H o r to b . n . sp.
Fig. 5

C apsula h y a lin a , g lo b o sa , in  m edio p a rtis  su p e rio ris  p a ru m  im pressa, 23— 26 X 24— 26 ц , 
su p e rfic ie  4 processibus b e n e  ev o lu tis , b revibus, q u a d ra n g u la r i te r  (quasi in  e x tre m is  “ angu- 
lis” ) s ing illa tim  d ispositis , 4 ,5 — 6 // longis o rn a ta . F la g e lla  2, lo ng itud ine  capsu lae  p a ru m  b re - 
v io ra . C hloroplastus m a g n u s , in  m edio  eius nucleus. P y re n o id a e  4, ord inarie  d isp o sitae . Y acuola  
p u ls a n tia  2 , prope pó lus su p e rio rem  disposita.

D anub ius, 1630. f lu v . chilom . IX . 1974. R aro .
Pteromonas aculeata  Lenun. ei p ro x im u s . Ab eo species n o s tra  n ova  

d iffe r t:  1. capsu la  g lo b o sa , 2. spinis (p ro cessib u s) 4 alio m odo d ispo sitis ,
3. sp in is  crassioribus.

5. A c tin a s tru m  ellipsoideum  H o rto b . n. sp.
Fig. 6

Coenobia p le ru m q u e  4 -cellu laria , e cellulis e lo n g a te  ellipsoideis, in  s ta tu  e v o lu to  a n te  
d iscessionem  9,7— 1 0 ,4 x 4 — 4,5 ц  m agnis, polis la te  r o tu n d a t is  constructa.

D anubius, 1669. f lu v . chilom . V. 1972. R aro .
A speciebus gen . A ctinastrum  cellulis h a b i tu  corporis b rev ib u s , in polis 

am b o b u s ate  r o tu n d a t is  d iffert.

6. A c tin a s tru m  h an tzsch ii L agerh. v a r . cu rv a tu m  H o rto b . n . var.
Figs 7— 9

Coenobia e cellu lis p au c is , 11— 2 2 x 1 ,5 — 3,4 f i  m ag n is , sub tus la te  ro tu n d a tis ,  g ra d a ­
tion an g u sta tis , ap ic ib u s e lo n g a tis , in  clinatis, c rass is  a tq u e  ob tusis c o n stru c ta .
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D an u b iu s , 1669. f lu v . chilom . V. 1972, V . 1974, 1628. fluv . ch ilo m . 1603. 
fluv . chilom . V. 1976. — K aro.

A specie ty p ic a  cellulis crassis o b tu s isq u c  bene  discrepat.
A ctin a stru m  schroeteri v a r. curvata  a H u b e r - P e s t a l o z z i  d e sc r ip ta  p ro p ­

te r  cellu las in c lin a tas  v a r . novae n o s tra e  s im ilis , sed polis ce llu la ru m  m ucro- 
n a tis  ab  ea  d is tin c ta . A pices cellu larum  v a r . c ra ssap ica tae  s im ilite r a H u b e r - 

P e s t a l o z z i  d escrip tae  re c ti e t nom inis c o n tra r ie  s a t  acuti.

7. Burkillia cornuta W . e t W . f. m inor H ortob . n. f.
Fig. 10

T halli p leru m q u e  16-cellulares, e cellulis q u a te rn is ,  pyrifo rm ibus, 5— 6 x 3 — 4,8 /« m ag- 
n is, m uco h y a lin o  la te  c ircu m d a tis , ch lo ro p las tu m  p a r ie ta le m  e t in  eo p y re n o id a m  u n icam , 
bene ev o lu ta m , consp icuam  h a b en tib u s  c o n stru ed .

A specie ty p ica  e x ig u ita te  (cellulae n o n  13 18 ц  longae, cf. P i i i l i p o s e

1967. j). 235) d is tin c ta .
D an u b iu s , V I I I .  1971. V alde ra ro .

8 . C hodatella c ilia ta  (Lagerh .) L em m . £. c rassa  H ortob . n . f.
Fig. 11

Cellulae 14,2 12 fi a fro n te  visu paen e  te s se lla ta e , angulis la te  ro tu n d a ta e ,  in  regione
po lo ru in  sp in is quin is, 10,5— 12 ц  longis, re c tis  vel p a ru m  inclinatis, ten u ib u s , m u c ro n a tis , 
p y ren o id a  consp icua  e t ch lo ro p las to  unico, ce llu lam  im p le n ti  instructae .

D an u b iu s , 1669. f lu v . chilom . V. 1972. — R aro .
A specie ty p ic a  s ta tu r a  com pacta  d is tin c ta .

9. C hodatella  q u ad ran g u la ris  H o rto b . n. sp.
F ig . 12

Cellulae angu lis ro tu n d a ta e ,  6 ,5 x 5  (i m ag n ae , sp in is  in  regione p o lo rum  2— 3, in  p a r te  
m edia 2 , re c tis  vel v ix  in c lin a tis , m ucronatis , 6 — 8  fi lo ng is , chloroplasto un ico  c e llu lam  im ­
p len ti e t  p y re n o id a  un ica  consp icua  in eo in s tru c ta e .

D an u b iu s , 1669. flu v . chilom . V. 1972. — R aro .
N o v a  species n o s tra  form a eius Chodatellae quadrisetae L em m . sim ilis. 

Ab ea s ta tu r a  co m p actio re , spinis b re v ib u s  d ispositioneque e a ru m  d is tin c ta .

10. Chodatella robusta H o rto b . n. sp.
Figs 13— 14

Cellulae ovales, cy lin d ricae , 8—4 2 X 6 — 8,5 f.i, la te rib u s  convexae, polis la te  ro tu n d a ­
tae , e t  in  polis e t in  la te rib u s  spinis singulis c rassissim is , rectis  vel in c lin a tis , o b tu s is , non 
sem per lev ibus, fu stifo rm ib u s, 14— 22 f i  longis, a d  b a s in  1,2— 1,5 f i  la tis, m e m b ra n a  lev i e t 
p y ren o id a  consp icua in s tru c ta e .
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D a n u b iu s , 1669. flu v . chilom . Y. 1972. R a ro .
Chodatella budapestinensis  H ortob . eae p ro x im a . Ab ea spinis crassiss im is , 

su p e rfic ie  non  levibus, fu s tifo rm ib u s  d is tin c ta .

11. C rucigenia laxa H o r to b . n . sp.
Figs 15— 16

T h a ll i  4-cellulares, e cellu lis 4— 8 x 2 ,9 — 4,2 // m ag n is , lax e  com positis, m e m b ra n a  lev i­
b u s , fo rm a  v ariis , séd p a r te  e x te rn a  sem per va lde  d i la ta t is ,  chloroplasto m agno , p a r ie ta l i ,  
c e llu la m  im p le n ti  e t p a ram y lo  u n ico  m agno, conspicuo in s t ru c t is  com positi.

S pecies haec n o v a  p e r com positionem  la x a m  form asque v a r ia s  cellu la- 
ru m  ex im ia .

D a n u b iu s , 1669. f lu v . chilom . Y. 1972. R a ro .

12. D idym ocystis in e rm is  (F ő tt)  F ő tt  v a r . danub ia lis  H ortob . n . v a r .
Figs 17— 18

C o enob ia  sem per 2 -ce llu la ria , e cellulis m uco h y a lin o  cea. 2 fi crasso in d u tis , sem i- 
g lobosis, p a r te  superficiei m ag n a  sese a ttin g en tib u s , 15— 1 6 x 6 — 8 fi m agnis, m e m b ra n a m  
b y a lin a m , pap illis  m agnis sa tis  re m o tis  coopertam , in  la te r ib u s  extrorsis costas b in a s  v e rru - 
cosas —  p a p illa ta s , c h lo ro p las tu m  parie ta lem  séd p y re n o id a m  non h ab en tib u s c o n s tru c ta .

A  specie ty p ic a  costis  b in is ex em erg en tiis  dense dispositis fo rm a tis  
d is t in c ta .

D a n u b iu s , V III .  1971. R aro . — X . N o n  ra ro .
G en u s D idym ocystis  coenob ia  2 -cellu laria  generis  Scenedesmi in  m e n te m  

re v o c a t;  secundum  F ő t t  (1973. p. 3) ab illis p y ren o id is  absen tib u s d if ié r t .

13. D idym ocystis inerm is (F ő tt)  F ő tt var. d an u b ia lis  H ortob . f. sim plex
H ortob . n. f.
Figs 19— 21

C o en o b ia  sem per 2 -cellu la ria , e cellulis 6,5— 1 5 ,6 x 3 — 8 fi m agnis, paene sem ig lobosis, 
m ag n a  p a r te  superficiei sese a tt in g e n tib u s , p a r te  e x tro rsa  m em b ran ae  seriebus b in is  v e rru c a -  
ru m  m a g n a ru m  orna tis , secus lev ib u s , chloroplasto  p a r ie ta l i  cellu lam  paene im p le n ti in s t ru c ­
tis  fo rm a ta .

A  v a r .  danubiali H o r to b . m em brana c e llu la ru m  ta n tu m  seriebus b in is  
v e r ru c a ru m  o rn a ta  (secus lev i) d istinc tus.

D a n u b iu s , V III . 1971. R aro.

14. D idym ogenopsis H o rto b . n . gén.

C ellu lac  elongatae , co rn icu lifo rm es, ap ic ib u s  la te  ro tu n d a ta e , b in a e , ex- 
tro rs u m  d eflec tae , ch lo ro p la s tu m  un icum , ce llu lam  om nino vei paene  o m n in o  
im p le n te m , py reno idam  consp icuem  un icam  c o n tin e n te m  haben tes. M u ltip li- 
ca tio  p e r  d iv isionem  in d u as p a r te s .
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D idym ogenopsis daniihialis H o r to b . n. sp.
Fig. 22

Cellulae b inae , ex tro rsu m  deflec tae , 7,2— 1 5 ,3 x 2 ,3 — 3 //, m em brana  leves.

D an u b iu s , 1634. flu v . ch ilom . V II . 1973. R aro .
D idym ogenes p a la tina  S chm id le  (Chlorococcales) ei sim illim a. G enus hoe 

novum  e t species nove per d iv isionem  in duas p a r te s  ab  ea d is tin c tae .

15. H eleochloris con ica  K orsch. f. m in o r H o rto b . n. f.
F ig. 23

Cellulae q u a te rn ae , in th a llis  ex cellulis p lu rib u s com p o sitis , 4— 5 ,5 X 2 ,7 — 3,4 fi m ag- 
nae , ovales vei ellipsoideae vei ro tu n d a to - tr ig o n a e , leves, in  ipsis chloroplasto  unico  p a r ie ta li  
e t  circa eas resid u is  v isib ilibus p a r ie tis  cellulae m ate rn ae  in s tru c ta e .

A specie ty p ic a  e x ig u ita te  (non 8,5 1 2 ,5 x 6 ,5 —7 p, cf. K o r s c h i k o v

1953. p. 224) d is tin c ta .
D an u b iu s , V I I I .  1971. R aro .

16. K irch n erie lla  irregu laris (S m ith ) K orsch . v a r . danubialis H o rto b . n . var.
F igs 24— 26

T halli e cellulis 4—8 , v a riis  m odis cu rv a tis , 8 -1 2  X 1,3— 2,3 /i m agnis, ap ic ib u s sem p er 
d is tan tib u s , o b tu sis , versus ap icem  illis spéciéi ty p icae  m ag is ten u iescen tibus , ch lo ro p las to  
unico  rep le tis  c o n stru c ti.

D an u b iu s , 1669. fluv . ch ilom . V. 1972. N on raro .
K irchneriella  irregularis v a r . sp ira lis  eac p ro x im a . V ar. n o v a  ab  ea 

d is tin c ta : 1. ex ig u ita te , 2. cellu lis conspicue g rac ilio rib u s, 3. sp icibus ce llu la- 
ru in  d is ta n tio rib u s .

17. L agerheim ia  genevensis Chod. f. c rass ise ta  H ortob . n. f.
F igs 27— 30

Cellulae 6— 9 X 5 — 5,6 и  m ag n ae , setis rectis  vel in c lin a tis , crassis, 5,4— 9,5 ji longis, 
ap ic ibus o b tu sis , a d  b asin  crassis, ch lo ro p las to  p y ren o id am  u n ica m  h ab en ti in s tru c ta e .

A specie spinis crassis, ob tu sis  d is tin c ta .
D an u b iu s , 1669. flu v . chilom . V. 1972. N on raro .
F ig u ráé  n o s tra e  28 30 specim ina  enorm ia  d c m o n s tra n t: 2 sp ec im ina  sp i­

nis am plius singulis, 1 a u te m  sp ina  una  non  e x is te n te , ta n tu m  p e r b asin  
sign ifica ta .

18. L agerheim ia genevensis Chod. f. g ra n u la ta  H ortob . n. f.
F ig . 31

Cellulae ovales, 8—-1 0 x 4 -—5 /í , c irca  polos d iag o n a lite r  spinis binis, 8 -10 ,5  /л, longis, 
p a ru m  in c lin a tis , m ucronatis , b a s i d ila ta tis , deinde m e m b ra n a  m inu te  verrucosa , ch loro- 
p las tis  singulis, cellu lam  fere im p le n tib u s  e t p y reno idas sing u las  h ab en tib u s in s tru c ta e .

A d a  B otanica A ca d cm ia e  Sc ien tia ru m  H ungaricae 2 5 , 1979



3 3 0 h o r t o b á g y i , t .

D a n u b iu s , 1669. flu v . chilom . V. 1972. R aro .
A  specie m em b ran a  v e rru co sa  d is tin c ta .

19. L agerheim ia genevensis C hod. v a r .  sp inosa H o rto b . n . v a r.
F ig . 32

C ellu lae  elongate ovales, 8— 1 1 x 4 — 5 fi, c irca  po los spinis 4,4— 6,3 fi long is , rec tis  vei 
p a r u m  in c lin a tis , deinde 1— 3 sp in u lis  1— 2,2 fi long is, m em b ran a  verrucu lis dense  cooperta  
c h lo ro p la s tisq u e  singulis cellu lam  p aen e  im p le n tib u s , p y re n o id a s  singulas bene  e v o lu ta s  hab en - 
t ib u s  in s tru c ta e .

D a n u b iu s , 1669. flu v . chilom . Y . 1972. R aro .
A  specie spinis p lu r ib u s , lo n g itu d in e  v a r iis , deinde m em b ran a  verru cu lis  

c o o p e r ta  d is tin c ta .

20. L agerheim ia genevensis C hod. v a r . subglobosa (L em m .) C hod. 
f. e rassise ta  H o rto b . n . f.

F ig . 33

C ellu lae  subglobosae, 7— 9 fi d iám ., c irca po los sp in is b rev ibus, rec tis  v e i in c lin a tis , 
c ra ss is , o b tu s is , 3— 3,4 fi longis, ch lo ro p las tis  singulis cellu lam  im plen tibus, p y re n o id a m  m ag- 
n a m  u n ic a m  h ab en tib u s in s tru c ta e . Fig. 33: spec im en  cu m  q u a ttu o r  au tosporis .

D a n u b iu s , 1669. flu v . chilom . Y. 1972. Y alde raro .

21 . L agerhe im ia  w ratislaw iensis  S chroed . f. flexocaudata  H o rto b . n . f.
F igs 34— 38

C ellu lae  ellipsoideae, 9— 1 2 ,6 x 5 ,2 — 8 fi, fo rte  2— 8 au tosporis , spinis c rass is, m ucrona- 
t is ,  s e m p e r  u n d u la tis , in c lin a tis , 10— 27 fi longis, fo rm a  saepe insolitis, ch lo ro p las tis  singulis 
p a r ie ta l ib u s ,  cellulam  paene  im p le n tib u s , p y ren o id as  singu las hab en tib u s in s tru c ta e .

A  specie ty p ica  sp in is crassis u n d u la tis  — inclina tis  d is tin c ta .
D a n u b iu s , 1669. f lu v . chilom . V. 1972. — N on raro .
Species ty p ica  q u o q u e  ad  fo rm a tio n em  sp in a ru m  p ro n a : cf. F ő t t  1928. 

ta b .  I. fig . d. E tiam  Lagerheim ia  w ratislaw iensis  Schroed. f. heterospina  H o r­
to b . sa e p e  spinas u n d u la ta s  vei in c lin a ta s  h a b e t  ( H o r t o b á g y i 1966 . p. 331, 
figs 1 14).

22. T etraëdron  c a u d a tu m  (Corda) H an sg . v a r . depauperata  P r in tz  
f. g ra n u lá tu m  H o rto b . n . f.

F ig . 39

C ellu lae  9— 1 0 x 1 0 — 11 fi, asp inosae, m e m b ra n a  g ranu lis m aioribus c o o p e rta , ch loro­
p la s tis  s ingu lis , py reno idam  con sp icu am , u n icam  h a b e n tib u s  in stru c tae .

D a n u b iu s , 1638. f lu v . chilom . VIII. 1974. — R aro.
A  v a r . depauperata  P r in tz  m em b ran a  g ra n u la ta  d is tin c ta .
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23. T e tra llan to s  gracilis H o rto b . n . sp.
Fig. 40

Cellulae 10,5— 1 4 ,5 x 1 ,3 — 1,5 /t, S -form iter c u rv a ta e , v e rsu s apices p a ru m  tenu iescen- 
tes , o b tu sae , in  u n o  p u n c to  in te r  sese co n iu n c tae . Cellulae d u ae  m ed iae  calic ifo rm iter disposi- 
ta e , in  p a r te  in fim a  in te r  sese c o n iu n c tae , cellulae duae  e x tim ae  apice u n a  ad  m ed iu m  cellula- 
ru m  m ed ia ru m  a p p lic a tae . C h lo rop lastus pa rie ta lis  p aen e  to ta m  ccllu lam  im plens, in  eo 
p y ren o id a  una  bene ev o lu ta .

A Tetrallanto lagaerheim ii T eiling  cellulis g rac ilio rib u s e t S -fo rm ite r cur- 
v a tis , deinde d ispositione  ce llu la ru m  d is tin c tu s .

D an u b iu s , 1669. fluv . ch ilom . V. 1972. Y alde  ra ro .

24. T etra llan tos scenedesm oides H o rto b . n . sp.
Fig. 41

Cellulae b in ae , 6 ,5— 8 x 2 ,3 — 2,6 /t, coenobia 4-, 8-vel 16-cellu laria  fo rm an tes , inclina- 
ta e , corniculiform es, ap ic ibus o b tu sae , leves; cellulae ip sae  e t  ag m in a  ip sa ru m  per m ucum  
h y a lin u m  co h ae ren tu r, rarissim e ta n tu m  im m edia te  co n n ec ta , p le ru m q u e  p a ru m  ab inv icem  
re m o ta . Cellulae b in ae  ad  invicem  po lis  ob tusis conversae , cellulis a lte ris  g em inatis  terg is 
obversae . C hlorop lastus pa rie ta lis , ce llu lam  paene im plens, in  m edio  eius p y ren o id a  conspicua.

D anub ius (b rach iu m  S oroksarense), V I I I .  1972. —- R aro .
Tetrallantos lagerheim ii T e ilin g  p rox im us. A b eo species n o v a  n o s tra  dis- 

t in c ta :  1. per ce llu las b inas in se rieb u s o rd in a ta s . 2. p e r  e x ig u ita te m  cellu larum  
(non 14 2 4 x 5  8,5 ц  cf. K o r s c h i k o v  1953. p . 399; n eq u e  10 2 4 x 3  8,5 ц
cf. P h i l i p o s e  1967. p . 291).

25. T e trastrun i h e te ra c an th u n i (N o rd st.)  Cliod. v a r . c rassisp in u m  H o rto b . n . var.
F ig s  42—43

Coenobia 4 -ce llu la ria , e cellulis 5— 8 g  d iám ., co rd ifo rm ib u s , in te r  duas sp inas em argi- 
n a tis , spinis longis ex im ie  crassis, 15,6— 26 /t longis e t  sp in is b rev io rib u s , g racilibus, 4— 5,5 ß  
longis, spinis o m n ib u s rec tis , ap ic ibus m u cro n a tis  o rn a tis  co m p o sita .

Fig. 43: co enob ium  irregu läre : cellu lae  ta n tu m  d u ae  sp in is re g u la rite r  e ffo rm a tae , u n a  
cellu larum  cae te ra ru m  d u a ru m  sp ina b re v i, a lte ra  sp ina  ta n tu rn  longa, sed c u rv a ta  in s tru c ta :  
co rd iform itas in  u n a  cellu la ta n tu m  consp icua .

D an u b iu s, 1598. fluv . ch ilom . V III . 1974. — R aro .
A specie cellu lis co rd ifo rm ibus et spinis long is crassissim is d is tin c tu m .

26. T e tra s tru n i ten u isp in u m  H ortob . f. irre g u lä re  H o rto b . n . f.
F ig s  44— 45

Cellulae 4— 4,3 d iam ., spinis v a ld e  gracilibus, rec tis , m u c ro n a tis , aliis singulis earum  
longioribus, 8,8— 11,3 fi longis, p le ru m q u e  secundum  a x em  lo n g itu d in a lem  ce llu larum , aliis 
b rev io ribus, 5 ,5— 7 ß  longis, a lo ng io ribus pa ru m  d is ta n te r  d ispositis  o rn a tae . C hlorop lastus
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p a r ie ta l is ,  cellu lam  perfecte vei p a en e  p e rfec te  im plens, in  eo p y ren o id a  m ag n a , conspicua. 
F ig . 4 4 :  in  u n a  cellula sp inae 3, id e n tic a e  illis spéciéi ty p icae  : in  hoc  casu  a b n o rm ita s , séd 
p ro p in q u ita te m  sine dubio  d e m o n s tra n s .

D a n u b iu s , 1598. flu v . ch ilom . V I I I ,  IX . 1974, 1630. f lu v . cliilom . — 
R a ro . A specie u n a  sp in a ru m  m inore  ab sen ti ce llu larum  d is tin g u itu r .
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Figs. 1— 2. P elodictyon clathratiforme  (Szafer) G eitle r f. m ajor H o rto b . 
Fig. 3. Trachelomonas gregussii I lo r to b . va r. danubialis  H o rto b . 

Fig. 4. Chlorogonium elongatum  D ang. va r. gigas H o rto b .
F ig. 5. Pteromonas danubialis  H o rto b .

F ig . 6. A ctinastrum  ellipsoideum  H o rto b .



Figs. 7—9. A c tin a s tru m  hantzschii L agerh . v a r . curva tum  H o rto b . 
Fig. 10. B u r k il l ia  cornuta  W. e t W . f. m inor  I io r to b .

Fig. 11. Chodatella cilia ta  (L agerh .) L em m . f. crassa H o rto b . 
F ig . 12. Chodatella quadrangular is H o rto b .



Figs. 13— 14. Chodatella robusta  H o rto b .
Figs. 1 5 —16. Crucigenia taxa  I io r to b .

Figs. 17— 18. D idym ocystis inerm is  (F ő tt)  F ő t t  va r. danubialis  H ortob .
Figs. 1 9 —21. D idym ocystis inerm is  (F ő tt)  F ő t t  va r. danubia lis  H o rto b . f. sim p lex  H o rto b .



F ig . 22. D idym ogenopsis dan u b ia lis  H ortob .
F ig. 23. Heleochloris conica K o rsch . f. m inor  H ortob .

F ig s . 24— 26. K irchneriella  irregularis (S m ith ) K o rsch . va r. danubialis H o rto b . 
Figs. 27— 30. Lagerheim ia genevensis C hod. f. crassiseta H o rto b .

Fig. 31. Lagerheim ia genevensis C hod. f. granulata  H o rto b .
F ig. 32. Lagerheim ia genevensis C hod. v a r . spinosa  H o rtob .



Fig. 33. Lagerheim ia genevensis Chod. var. subglobosa (L em m .) Chod. f. crassiseta  H o r t  ob. 
Figs. 34— 38. Lagerheim ia w ratislaw iensis S ch roed . f . flexocaudata  H o rto b .

Fig. 39. Tetraëdron caudaturn (Corda) H ansg. v a r. depauperata  P rin tz  f. g ra n u lá tu m  I lo r to b .
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F ig. 40. Tetrallantos gracilis H o rto b .
Fig. 41. Tetrallantos scenedesmoides H o rto b .

F ig s . 42 — 43. Tetrastrum  heteracanthum  (N o rd st.)  C hod. v a r . crassispinum  H o rto b . 
Figs. 44— 45. T e trastrum  ten u isp inum  H o r to b . f. irreguläre H ortob .
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SPATIAL PROCESSES 
IN A GRASSLAND COMMUNITY, I.
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(R eceived A pril 15, 1979)

T he changes o f som e ch arac te ris tic s  o f v e g e ta tio n  (n um ber of species, n u m b e r  of 
in d iv id u a ls , cover, b iom ass) were s tu d ied  as th e  fu n c tio n  of the  area (fiv e  d iffe ren t 
p lo t sizes, from  0.04 in2 to  1.0 m2) in  d iffe re n t seasonal aspects in a sa n d y  g ra sslan d  
co m m u n ity . T he sam p lin g  was carried o u t  by  in d e p e n d e n t q u a d ra ts  ra n d o m ly  lo ca ted .

T he values o f  th e  n u m b er of species an d  in d iv id u a ls  reflected  the  seaso n al a spects 
o f th e  co m m u n ity  w ell. T h ey  were th e  low est in  su m m er (cf. only the  species a d a p te d  
to  th e  sem i-arid  c o n d itio n s were p resen t). T h e  co v er d id  no t show a sy s te m a tic  change 
w ith  th e  aspects. T h e  q u a n ti ty  of liv in g  f ito m ass  in creased  from  spring  till  a u tu m n . 
All p a ram ete rs  reach ed  th e ir  m axim um  in  a u tu m n  (ex cep t dead fitom ass).

In every  season th e  num ber of species show ed a logarithm ic  re la tio n  to  th e  area . 
T h ere  were positive  lin e a r re la tionsh ips be tw een  th e  o th e r  ch arac te ris tics  a n d  th e  area . 
T he percen tage  d ifference  betw een the  m ea su re d  an d  ca lcu la ted  values w ere estab lish ed  
for the  u n it  of 1.0 m 2.

C om parising  th e  seasonal changes an d  th e  changes in the  fu n c tio n  o f th e  a rea  
th e  s lig h test and s te ep e st slopes w ere estab lish ed  in th e  season w hen th e  d iffe ren t 
v a riab le s  show ing a sy s te m a tic  change w ith  th e  a sp ec ts  reached th e ir m in im al a n d /o r 
m ax im al values.

P ositive  lin ea r corre lations w ere fo u n d  b e tw een  th e  various p a irs  o f th e  c h a r­
ac te ris tic s  in v es tig a ted . T here  were seasonal d ifferences in th e  slopes o f th e  cu rves.

In tro d u c tio n

Several articles h a v e  d e a lt  w ith  the a p p lic a tio n  o f sam ple  u n its  of d iffe ren t size an d  
shape  in  v e g e ta tio n  s tu d ies . T he a im  of the m a jo r ity  o f th e  in v estig a tio n s was to  e s ta b lish  the  
o p tim a l size an d  shape re fe rred  to  th e  different p a ra m e te rs  (e.g. herbage p ro d u c tio n , f req u en cy , 
n u m b er o f species . . .). D ep en d in g  on the a im  o f th e  s tu d ie s  random  or con tiguous q u a d ra ts  
w ere app lied . B u t to  m ake a s ta tis t ic a l  analysis (e.g. c a lcu la tio n  of S .E .) we m u st use  ra n d o m  
sam pling  ( F i s h e r  1958; F i n n e y  1962; J o l l y  1957; S a m p f o k d  1962). As “ . . . th e  m a jo r  d ra w ­
back  of sy s tem atic  sam pling  is th a t  it does n o t  offer in  i ts e lf  th e  basis for th e  a sse ssm en t of 
e rro r”  ( B o u r d e a u  1953).

T he con tiguous q u a d ra ts  hav e  been used in  th e  p a t te rn  analysis to s tu d y  th e  s t ru c tu re  
o f p la n t co m m unities ( G r e i g - S m i t h  1952, 1964; K e r s h a w  1963, 1970; U s h e r  1969).

A l t h o u g h  t h e  u s e  o f  c o n t i g u o u s  q u a d r a t s  f o r  s a m p l i n g  o f  t h e  q u a n t i t a t i v e  c h a r a c t e r i s t i c s  

o f  v e g e t a t i o n  i s  o b j e c t i o n a b l e ,  t h e y  h a v e  b e e n  a p p l i e d  i n  m a n y  c a s e s ,  e . g .  W i e g e r t  (1962) 
u s e d  n e s t e d  q u a d r a t s  t o  d e t e r m i n e  t h e  o p t i m a l  q u a d r a t  s i z e  f o r  s a m p l i n g  o f  s t a n d i n g  c r o p .

* “ Tece s tu d ies” No. 17.
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R i c e  (1969) suggested  a p ro ced u re  to  de te rm in e  th e  p ro p e r  q u a d ra t size an d  th e  su ffic ie n t 
n u m b e r  o f  rep lica tio n s o f th is  size. F o r  th is  reason  he a p p lie d  nests of q u a d ra ts  a n d  e s tim a te d  
th e  d is t r ib u t io n  of p lan t m ate ria l on  th e  basis o f th e  a rea l cover % . P r e c s e n y i  a n d  MÁTHÉ 
(1969) “ . . . ex am ined  how  th e  fo rm  an d  size o f p lo ts  h as in f lu en ced  the  e s tim a tio n  o f th e  p la n t  
m ass” . T h e y  used  a ne tw o rk  sy s te m  of con tiguous q u a d ra ts .  T h ey  em phasized t h a t  th e  e s tim a ­
tio n  o f  e r ro r  v a riance  is dub ious in  a such  design. T h e  m ethodo log ical c h a ra c te r  o f th e  s tu d y  
a n d  th e  tec h n ica l d ifficu lties in  fie ld  w ork  gave re aso n  fo r u se  of the  ne tw ork  sy s tem . G o l l e y  

(1965) p u b lish e d  conversion  fa c to rs  from  1/4 m 2 to  1 m 2 b a sis  fo r average b iom ass o f d iffe re n t 
p la n t  p a r ts .  To de term ine  th e  conversion  facto rs he u se d  q u a d ra ts  of 1/4 and  1 m 2 p u ttin g  
th e  sm a ll q u a d ra ts  to  th e  c en te r  o f  th e  large  ones. I n  g en era l th e  sam plings of th e  q u a n ti ta t iv e  
c h a ra c te r is tic s  o f v eg e ta tio n  in  th e  above m en tio n ed  a n d  o th e r  in v estig a tio n s w ere  carried  
o u t  b y  m e a n s  of nested  a n d /o r con tig u o u s q u a d ra ts .

V a n  D y n e  e t al. (1963) u se d  ra n d o m  sam ples to  in v e s tig a te  th e  “ in fluence  o f sm all p lo t 
size a n d  sh a p e  on range  he rb ag e  p ro d u c tio n  e s tim a te s” . T h e y  applied four sh ap es, th re e  o f 
th e m  h a d  tw o  d ifferen t sizes. T h ere  w ere five  re p lica tio n s  o f each  size and  shape co m b in a tio n . 
B eside  th is  re c tan g u la r  p lo ts  consisting  of con tig u o u s q u a d ra ts  were ra n d o m ly  lo ca ted , too .

W e  k n o w  v ery  l ittle  a b o u t th e  changes of q u a n ti ta t iv e  ch aracte ris tics o f v e g e ta tio n  in  
space. I n  th is  in te rp re ta tio n  sp a tia l process m eans th e  b e h av io r in th e  fu n c tio n  of sam p lin g  
u n it  size (c .f. D é v a i , H o r v á t h  a n d  J u h á s z - N a g y  1971; F e k e t e  and Szőcs 1974).

T he a im  o f th e  s tu d y

O u r s tu d y  w as designed  to  d e te rm in e  th e  changes of som e p a ra m e te rs  
(n u m b e r  o f in d iv id u a ls , n u m b e r  o f  species, b io m ass , cover) as a fu n c tio n  o f 
th e  a re a  in  d iffe ren t seaso n a l aspec ts  u s in g  in d e p e n d e n t q u a d ra ts . T h e  in ­
v e s t ig a tio n  o f th e  above m en tio n ed  p a ra m e te rs  w as ex tended  b o th  to  th e  
w hole c o m m u n ity  an d  to  th e  p o p u la tio n s o f  th e  sep a ra te  species.

M ateria l and  m eth o d s

In v e s tig a tio n s  w ere c a rried  o u t in  a san d y  g ra ss la n d  co m m unity  ( F estucetum  vaginatae  
d a n u b ia le ) n e a r  V á c rá tó t (N o rth -H u n g a ry )  in  1977. A  d e ta ile d  descrip tion  o f th is  a rea  can  be 
fo u n d  in  th e  papers K á r p á t i  I. a n d  K á r p á t i  V. (1954), F e k e t e  e t al. (1976).

S am p lin g  was p e rfo rm ed  in  d iffe ren t seasonal a sp ec ts  of th e  co m m u n ity , on  M ay 
1 0 —1 1 th , J u ly  12—13th  an d  S ep tem b er 27— 28th . In  each  occasion we used  f iv e  p lo ts  of 
d if fe re n t sizes (0.04, 0.16, 0.36, 0.64 an d  1.0 m 2), e ac h  o f th ree  rep lications. Sam ples w ere 
r a n d o m ly  loca ted . N u m b er of species an d  in d iv id u a ls  w ere  reco rded  in  s itu  in  th e  fie ld . P h o to ­
g ra p h s  w ere ta k e n  of each  p lo t. A fte r  th is th e  p la n t  m a te r ia l  was clipped a t  th e  g ro u n d  surface  
a u d  g a th e re d . On th e  basis o f th e  p h o to g rap h s m ap s o f a scale 1 : 2 were d ra w n  (F ig . 1). 
O n  th e se  m ap s th e  sep a ra te  specim ens were re p re se n te d  b y  th e  accu rate  p e rp en d icu la r  p ro ­
je c t io n  o f  th e ir  aerial p a r ts . C over va lues of th e  in d iv id u a ls  were m easured  b y  p la n im e te r . 
T w o d if fe re n t k inds of cover w ere used:

a )  th e  sum  of species co v er (overlaps w ere ta k e n  in to  considera tion  a t  e v e ry  o v e r­
la p p in g  specim ens), m en tio n ed  fu r th e r  as “ to ta l co v er” ;

b)  th e  “ com m only  u sed ”  cover (overlaps w ere ta k e n  in to  considera tion  a t  o n ly  one of 
th e  o v e rla p p in g  specim ens), m en tio n ed  fu r th e r  “ v isu a l c o v e r” .

T h e  h a rv este d  p la n t  m a te ria l was se p a ra ted  in to  d e ad  an d  living p la n t p a r ts .  T h e  la t te r  
one w as se p a ra te d  fu r th e r  in to  species. T he dead  f ra c tio n  co n ta in s  th e  l it te r  co llec ted  fro m  th e  
g ro u n d  su rface , too.

15 p la n t  species w ere fo u n d  in  th e  q u a d ra ts  d u rin g  th e  sam pling period : F estuca vagi- 
n a ta , F u m  m a  procum bens, T h y m u s  sp ., Carex stenophylla , Cynodon dactylon , Centaurea arena -
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Fig. 1. A de ta il from  th e  m ap  of th e  v ernal aspect. 1. F esluca vaginata , 2. F um ana  procum - 
bens. 3. T h ym u s  sp ., 4. A renaria  serpyllifo lin , 5. Carex stenophylla , 6 . Cynodon dactylon

ria , M edicago m in im a , A ren a ria  serpyllifo lia , Polygonum  K ita ib e lia n u m , Kochia la n iflo ra , M i-  
nuartia  verna , M yoso tis arvensis , Erigeron canadensis, E uphorb ia  seguieriana , P rom us squar- 
rosus, an d  the  m oss S yn trych ia  ruralis.

T he follow ing u n ifo rm  designations an d  sym bols a re  u sed : S —  num ber o f species,

to ta l n u m b er o f  in d iv id u a ls  N V N, ) , to ta l  cover w ith o u t m oss Ct  =

=  С/ , Cy — v isua l cover w ith o u t m oss, Cy + M — v isu a l cover including m oss, Bj ^  
* = 1 /

to ta l liv ing  fito m ass |B Lt  =  B j j J , B q to ta l d ead  f i to m a ss  and  A — the a rea  o f th e  

q u a d ra t.
T he dash  ab o v e  th e  va rio u s sym bols rep re sen ts  th e  m ean  of the  three  rep lica tio n s . 

In  some cases a g re a te r  sam ple  size was needed, th ere fo re  we re p ea te d  the  sam pling  on  th e  
basis of th e  m aps. On th e  m ap s of each p lo t size we p u t  ra n d o m ly  one q u a d ra t of th e  sm a lle r  
sizes each (e.g. on th e  1.0 m 2 size the  p lo ts of 0.04, 0.16, 0.36 a n d  0.64 m2; on th e  0 .64 m 2 
size the  p lo ts  o f 0.04, 0.16 an d  0.36 m 2 e tc .). In  th is  w ay  we g o t th e  following re p lica tio n s : 
15, 12, 9, 6 and  3 for th e  p lo t sizes from  th e  sm allest to th e  g re a te s t,  respectively . T h e  m ean  
of these rep lica tio n s is in d ic a te d  by  d ash -s ta r  (“ *) above  th e  se p a ra te  sym bols.

T he te s t  of l in e a rity  w as m ade according to W a i n r i g h t  an d  G i l b e r t  (1977).

R esults and  discussion

1. Seasonal changes

1.1. T he av e rag e  species n u m b er (S) in d ic a te s  th e  seasonal aspects  in  th e  
co m m u n ity  (F ig . 2). I t s  va lu e  was th e  low est in  su m m er. A t th is  tim e  o n ly  
th e  species could be  found  th a t  to le ra te d  th e  sem ia rid  conditions. In  o u r 
in v estig a tio n s th e y  w ere : Festuca vaginata , F u m a n a  procum bens , T h ym u s  sp ., 
Carex stenophylla. T h ese  species were also th e  m o st a b u n d a n t. S in sp rin g  a n d  
a u tu m n  w as a b o u t o f  th e  sam e va lue , b u t  h ig h er th a n  th a t  o f in su m m er.
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Fig. 2. S an d  S* p lo tte d  against th e  p lo t size, a : sp ring , b: sum m er, c: a u tu m n

I t  is d u e  to  th e  p resence  o f species c h a ra c te r is tic  of the  sp ring  a n d /o r  a u tu m n  
a sp e c ts  (e.g. A ren n rin  serpyllifo lia , M yoso tis arvensis; M edicago m in im a . P oly­
g o n u m  K ita ib e lia n u m , K ochia  lan iflora , e tc .) .

1.2. The av e rag e  to ta l  n u m b er o f in d iv id u a ls  (N T) also v a r ie d  in  th e  
a sp e c ts  (T able 1). N x w as th e  low est in  su m m e r — sim ilarly  to  th e  S —, and  
th e  h ig h es t in  a u tu m n  a t  all p lo t sizes. T h e  low  sum m er values are  due  to  th e  
d isa p p e a ra n ce  o f  th e  v e rn a l species. I t  w as rem ark ab le  in  a u tu m n  th e  large 
n u m b e r  o f M edicago  seedlings fo rm ing  a b o u t 40 — 80%  of th e  to ta l  n u m b e r  of 
in d iv id u a ls , and  cau sin g  a t  th e  sam e tim e  th e  h igh N T.

1.3. A sy s te m a tic  re la tio n  could  n o t be  d e tec ted  w ith  th e  a sp ec ts  in  th e  
case  o f  th e  “ to ta l”  an d  “ v isu a l”  cover a t  all p lo t sizes (T able 1). T h e  values 
o f  b o th  cover ty p e s  decreased  to  su m m e r in  th e  plots of 0.04, 0 .16 , 0.36 m2, 
b u t  increased  in th e  p lo ts  o f 0.64, 1.0 m 2. T h e  h ighest va lues w ere  reached  a t 
all p lo t sizes in  a u tu m n  ow ing to  th e  species shoo ting  in th e  a u tu m n a l aspect. 
A d d in g  th e  m oss cover to  th e  “ v isu a l”  co v e r th e  value o f th e  la t te r  one was 
in c rea sed  s ligh tly , b u t  n o t s ig n ifican tly . T h e  p ercen tua l values ch an g ed  in  th e  
sam e  m anner.

1.4. The q u a n t i ty  o f liv ing f ito m a ss  increased  from  sp rin g  till a u tu m n  
a lm o s t a t  all p lo t sizes (T able 1). T he d ec reas in g  N T was n o t re fle c ted  in  th e  
to ta l  liv ing fito m ass  in  sum m er. T h e  in c rea se  in  w eight caused  b y  th e  g row th
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Tabic 1
The values o f  the different variables as a fu n c tio n  o f  the plot size

A (m*) 0.04 0.16 0.36 0.64 1.0

NT 25.33 45.67 100.33 185.67 275.67
(ind.) 13.33 35.33 89.33 172.33 243.00

32.00 139.33 217.67 277.33 389.00

CT 213.6 887.0 1739.0 3093.0 4169.0
(cm 2) 53.4 55.4 48.3 48.3 41.7
( % ) 167.2 587.2 1284.6 3641.0 6506.0

41.8 36.7 35.7 56.9 65.1
299.7 1175.2 3358.2 4804.6 8795.0

75.0 73.5 93.3 75.1 87.9

c v 210.3 798.4 1623.5 2976.7 4044.0
(cm2) 52.6 50.0 45.1 46.5 40.0
(% ) 156.3 557.3 1236.6 3322.4 5856.0

39.0 34.8 34.4 51.9 58.6
268.2 1067.0 2782.0 3967.0 7267.0

67.0 66.7 77.3 62.0 72.7

Cy + M 225.7 1018.3 1649.0 3353.0 4281.0
(cm 2) 56.4 63.6 45.8 52.4 42.8
(% ) 164.3 571.3 1259.5 3445.6 6043.2

41.1 36.7 34.9 53.8 60.4
273.1 1098.0 2797.0 4040.0 7495.0

68.3 68.6 77.7 63.1 74.9

Ö LT 3.18 9.90 30.65 38.52 62.30
(?) 4.18 11.04 26.19 45.41 74.95

4.32 18.04 30.37 53.48 96.74

B D 6.43 23.00 53.88 85.45 176.48
( s ) 7.62 28.34 40.83 106.54 163.63

6.94 30.13 46.76 96.38 143.40

(The three  values below  one a n o th e r a t  a given v ariab le  and area  co rrespond  to  
th e  seasons spring , sum m er and a u tu m n .)

o f th e  species a d a p te d  to  th e  sem i-arid  period  a n d /o r th e  earing  F e s tu c a  species 
exceeded  th e  loss in  w e ig h t o f th e  a b s e n t  v e rn a l species. T he h ig h er B lT values 
in  a u tu m n  have th e  s im ila r e x p la n a tio n  as th e  cover. T he d ead  f ito in a ss  did 
n o t  show  sy stem atic  changes.

T he th ree  d o m in a n t species Festuca vaginata, F u m a n a  procum bens, 
T h y m u s  sp. fo rm ed  th e  m a jo rity  o f  th e  “ to ta l”  and  “ v isu a l”  cover an d /o r 
th e  liv ing  fito inass in all cases.

2. Changes in  the fu n c tio n  o f  the area

2.1 . A lo g arith m ic  re la tio n  w as fo u n d  betw een  th e  a rea  an d  S in  th e  case 
o f  su m m er and a u tu m n  aspects. T h e  use  of S* d esp ite  o f S in  th e  ca lcu la tio n s 
re su lte d  th e  sam e re la tio n sh ip  in th e  sp rin g , too . C onsidering th e  slopes o f  th e  
reg ression  curves S* increased  m o st ra p id ly  in  a u tu m n  and  in  th e  s lig h te s t 
degree  in sum m er (F ig . 2, T able 2).
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Table 2

The correlation and linear regression coefficients between the area (x  variable) 
and the different variables (y  variable)

Spring

Г a b

s 0.7097 3.061 1.049
s* 0.9119* 0.360 1.661*

NT 0.9986*** 8.474 268.30***

CT 0.9945*** 196.607 4144.9***

Cv 0.9954*** 149.383 4048.2***

Cv + m 0.9885** 222.579 4279.1**

B lt 0.9873** 2.371 60.32**

b d 0.9863** - 6 .3 9 2 171.45**

Summer

г a b

5 0.8883* - 0 .2 3 1 1.174*
s* 0.9212** 1.219 0.758**

NT 0.9969*** 1.715 247.60***
CT 0.9880** -5 3 1 .6 2 6 6747.6**

Cv 0.9899** -4 4 0 .7 1 2 6060.1**

C V+M 0.9896** —  458.270 6261.5**

B lt 0.9990*** 0.142 73.86***

B D 0.9909** - 3 .1 7 6 164.93**

Autumn

r a b

S 0.9991*** - 1 .6 1 8 2.160***

s* 0.9924*** - 3 .0 2 6 2.512***

N x 0.9744** 61.007 341.00**

Cx 0.9935*** -1 1 3 .8 4 8 8637.2***

Cv 0.9934*** -4 3 .2 3 1 7076.1***

^V+M 0.9931*** — 68.762 7294.1***

B lt 0.9933*** - 0 .3 3 6 93.02***

B d 0.9966*** 2.493 141.43***

L evels of significance: * =  5 % , ** =  1% , *** =  0 .1% .
(In  th e  case of S and  S* th e  logarithm  of th e  a rea  was used as x  variable.)
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2 . 2 .  A positive linear relation ex ists betw een N 7  and A in every  aspect. 
Increasing the area the changes o f  N T in the various aspects was sim ilar to  
th at o f the S*. The identification  o f one “ individual” at “ patch-form ing” 
species (like F e s t u c a , F u m a n a , T h y m u s )  is more or less arbitrary. In our 
investigations we considered one patch  to  one individual. The high correlation  
coefficients (N 7  A) indicate th a t th is assum ption is not false (Table 2). The 
linear correlation has been found to  be valid  to 48 m 2  in another in vestiga tion  
in the sam e com m unity using th is  assum ption ( N ő s e k  1976).

2 . 3 .  The values of Cj and Cy behaved sim ilarly to each other and also  
showed a p ositive  linear relation to  A (Table 2). The slopes o f  th e  curves 
becam e more and more steeper from  spring till autum n. Including th e  cover  
o f moss in to  th e  Су (Су+м) the character of th e  curves did not change on ly  
their slopes increased slightly.

2 . 4 .  In  th e  case of the fitom ass a positive linear relation could he also 
established. The slopes of curves calculated  from the living fitom ass changed  
sim ilarly to  th a t o f the cover va lu es. Considering a given am ount o f  liv in g  
fitom ass it  w as produced on a sm aller and sm aller area from spring t ill autum n. 
The dead fitom ass showed a reverse behaviour (Table 2).

2 . 5 .  The values of the different variables can be calculated for th e  u n it o f  
1 m 2  on the basis o f  the regression curves. The percentage difference betw een  
the m easured and calculated va lu es are given in the Table 3.

Table 3

The percentage difference between the measured and calculated values 
o f  the d ifferen t variables at 1 m-

S S' Nx CT Cy Cv + M 1 B LT BD

Spring 1.0 - 4 .4 0.5 4.1 3.8 10.5 0.6 6.5

Sum m er 12.0 6.25 2.5 4.4 4.0 3.9 1.6 1.1

A u tu m n 0.3 0.3 3.3 3.1 3.2 3.6 - 4 .2 0.3

(N egative  va lues rep re sen t underestim atio n s of th e  m easured  values, positive va lues a re  o v e r­
estim ations.)

2 . 6 .  M aking a comparison betw een  the seasonal changes and th e  changes  
in the function o f the area the sligh test and the steepest slopes w ere esta b ­
lished in the season Avlien the different variables show ing a system atic change  
w ith the aspects reached their m inim al and/or m axim al values. The increase  
per unit o f area was the most in ten sive  for all variables (except B :3) in autum n. 
The slightest increase was given for S*, N 7  in sum m er, for CT, Cy, Су+уь 
and B l7  in spring, for B u in autum n (cf. Tables 1 and 2).
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3. T he  relation between the separate variables

A  correlation and linear regression analysis was made betw een the d if­
ferent variables (Cy CT; CT ВцТ; N t B lt> N x — Cx ; B lX B d). The 
fir st  member of each pair w as considered as th e  X  variable. A p ositive  linear 
correlation was found in all cases (Table 4).

Table 4

The correlation and  linear regression coefficients between the different variables

X Y
S p rin g

Г a b

c v c T 0.9995*** 26.43 1.033***

CT B LT 0.9634*** - 0 .1 6 0.0144***

N T CT 0.8541*** 224.57 14.192***

JN"*p B LT 0.8459*** 2.353 0.2099***

B LT

Û
ICQ 0.9084*** 1.181 2.347***

Y
Summer

r a b

c v c T 0.9995*** - 3 2 .5 6 1.110***

CT B LT 0.9830*** 6.66 0.0105***

N't CT 0.8570*** - 2 1 .5 7 22.219***

Ny B LT 0.9002*** 4.654 0.2503***

B LT BD 0.9671*** 1.086 2.178***

Autumn

г a b

c v
_
CT 0.9989*** - 5 6 .3 8 1.215***

CT B lt 0.9435*** 1.56 0.0106***

N T CT 0.8778*** -6 9 1 .4 3 20.693***

NT B LT 0.8162*** — 5.343 0.2173***

B LT B D 0.9425*** 7.893 1.399***

Level of significance: *** =  0.1%.

The correlation coefficients between Cy and CT were very high, and there  
w ere no differences am ong the three asp ects. The little differences in the  
slopes m ay be due to  th e  fact that the degree o f  overlap among the specim ens 
increases from spring t ill autumn.
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A s tro n g  co rre la tio n  was found  b e tw een  th e  “ to ta l”  cover a n d  th e  to ta l  
liv ing  f ito m ass . T he possihile e x p la n a tio n  o f th e  low er slopes o f  th e  su m m er 
and  a u tu m n  cu rv es  is th a t  th e  ra tio  o f  th e  liv ing  (green) and  d ead  p a r ts  is 
sm aller in  su m m e r and  a u tu m n  th a n  in  sp rin g . (M easuring the  c o v e r  on th e  
m ap s th e  s ta n d in g , b u t  a lre a d y  d ead  p a r ts  could  n o t be se p a ra te d  fro m  th e  
liv ing  [»arts. In  th e  case of th e  b iom ass, how ever, th e y  w ere a d d e d  to  th e  
dead  p a rts .)

N T show ed  a w eeker co rre la tio n  w ith  CT a n d /o r B lt th a n  th e  fo rm er 
p a irs . In  th e  c o m m u n ity  th e re  a re  p re se n t th e  seedlings o f an n u a l a n d  p e ren n ia l 
species an d  th e  o lder in d iv id u a ls  of p eren n ia l species a t  th e  sam e tim e . The 
specim ens o f  d iffe ren t ages have d iffe ren t cover an d  biom ass.

S tu d y in g  th e  re la tio n sh ip  b e tw een  th e  B lt an d  B q, i t  can be estab lish ed  
th a t  a g iven a m o u n t o f B D belongs to  g re a te r  an d  g rea te r a m o u n t o f  B lt 
from  sp ring  till a u tu m n . The B d / B l t  v a lu e  is th e  h ighest in sp rin g  b ecau se  of 
the  l i t te r  o f th e  p rev ious year. T h is ra tio  decreases till au tu m n  in  consequence  
o f th e  d eco m position  an d /o r th e  increase o f  B l t -
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T he pap er co n ta in s  d a ta  re la te d  to  th e  re p ro d u c tio n  cap ac ity  o f Q uercus cerris L. 
m easu red  u n d e r n a tu ra l  co n d itions (in  y ears b e tw een  1977 and 1978).

I n  a fo rest p a r t  o f 6 h a , u n d e r 50 sam ple  trees , in  p e rm an en t q u a d r a ta  o f  1 m2, 
we ex am in ed  th e  n u m b er o f acorns fa llen  on  th e  g ro u n d , and also th a t  o f  th e  seedlings 
developed  from  th em , w hich  were still liv ing  a f te r  one y ea r had  passed .

I t  has been s ta te d  th a t  th e  re p ro d u c tiv e  cap ac ity , Cr =  19 .1% ; th is  co rresponds 
to  a  v a lu e  of Cr =  17.86 p lace/m 2/10 m o n th s . T h e  m o rta lity  of th e  seed lin g s, M =  
44 .8 8 % , while th e  genera l m o rta lity , M =  14.54 p iece/m 2/4 m onths.

B y  th e  tim e i t  re ach ed  th e  g ro u n d  a  considerab le  p a r t  of th e  f ru i ts  (4 6 .3 % ) had 
a lre ad y  been  d am aged . A g re a t q u a n ti ty  o f th e  a co rn  (47 .8% ) was con su m ed  b y  b ig  gam es 
a n d  ro d en ts . O f th e  f ru i ts  th a t  s ta r te d  to  grow , 73%  fell unripe, u n d e v e lo p ed . The 
in te ra c tio n s  in fluencing  th e  re p ro d u c tiv e  c a p a c ity  a re  p resen ted  in  a s e p a ra te  fig u re .

Introduction

U n d e r n a tu ra l  co n d itions, ou r fo rest tree s  rep ro d u ce  them selves m ain ly  b y  th e ir  seeds 
a n d  fru its . R e p ro d u c tio n  b y  seeds h as acq u ired  co n sid erab le  role also in  th e  a re a s  d ra w n  in to  
fo res t econom y. T he genetic  bases o f  th e  in d iv id u a ls  w h ich  are  to  be p lan ted  in  th e  fo re s t are 
also ta k e n  in to  co n sid era tio n  in  a  m o d ern  fo res t econom y. T his is w hy i t  is b eco m in g  p ra c tic e  
th a t  a reas an d  p la n t  in d iv id u a ls  w hich  are to  be  re se rv ed  fo r seed growing a s tig n e d  to  these  
purposes. T h e  q u a n ti ty  o f th e  seed req u ired  b y  n u rse ry  g a rd en s is know n from  th e  p ro je c ts  of 
fo res t econom y. T here  are how ever m an y  cases w hen  th e  re p ro d u c tio n  cap ac ity  o f  th e  in d iv i­
dual p la n ts , a n d  th e  su rv iv a l ra tio  o f th e  seeds g row n in  n a tu ra l conditions a re  u n k n o w n .

In  re g ard  of E u ro p e , we h av e  d a ta  on  th e  seed p ro d u c tio n  and  g e rm in atio n  o f  F ra x in u s  
excelsior L. ( G a r d n e r  1977; V i l l i e r s  an d  W a r e i n g  1964, e tc .) in  regard  of A frica , on  Tur- 
reanthus a fricana  Pellegr. ( A l e x a n d r e  1977); from  N o r th  A m erica, Acer saccharum  M arsh. 
( H e t t  an d  L o u c k s  1971); as well as th e re  are d a ta  on  v a rio u s oaks ( G y s e l  1957; W o o d  1938, 
etc .). B a r t o n  (1967) en u m era tes  n e a rly  30 p ap ers  in  th e  above  sphere of top ics, th e se  h o w ever 
—  w ith  th e  ex cep tio n  of tw o ( A g n i s t i k o v a  1962 an d  S e d a s h e v a  1953) —  all deal w ith  N o rth - 
A m erican  tre e  species.

D a ta  re la te d  to  oaks in  H u n g a ry  are to  be  fo u n d  in  th e  book by  K e r e s z t e s i  (1967). 
B esides his w ork , th e  pap ers  o f  M á t y á s  (1965), N e m k y  (1964), V i n c z e  (1966), a n d  o f  F u isz  
(1965) co n ta in  v a luab le  in fo rm a tio n . D a ta  on th e  re p ro d u c tiv e  cap ac ity  o f Quercus cerris L. 
u n d e r n a tu ra l  cond itions are  h o w ever m issing. T herefo re , we s ta r te d  p ioneering in v e s tig a tio n s

* S ík fő k ú t P ro jec t, N r. 50.
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on th is  to p ic , in  respec t of th e  T u rk e y  oakwood s tan d  of th e  S ík fo k ú t P ro jec t ( J a k u c s  1973). 
In  ou r p a p e r  we p resen t th e  e x p e rim e n ta l results re la ted  to  th e  period  from  O ctober 1977 to  
O ctober 1978.

Method

T h e  ra tio  of Quercus cerris L. in the T urkey  o ak w o o d  exam ined  changes betw een  
6 — 2 3 % ; th e  Quercus cerris L. t re e s  s ta n d  in sm aller g ro u p s (M a j e r  1974). The average  n u m b er 
o f s ta n d  p e r ha  o f th e  T u rk ey  o a k s  is 127 ( J a k u c s , H o r v á t h  a n d  K á r á s z  1975).

W e m ark ed  50 sam ple  tre e s  in a forest area of som e 6  ha . In  places chosen ra n d o m ly , 
a t  a  d is tan c e  of 1.5-—•2 m from  th e  t r u n k ,  we delim ited  w ith  n y lo n  strings p e rm an en t q u a d ra te  
o f 1 m 2 a n d  m ade  ob se rv a tio n s th e re .

T h e  f i r s t  sam plings cou ld  be  carried  ou t in th e  p e rio d  b e tw een  31 M arch an d  5 A pril, 
1978. W e c o u n ted  th e  cups fa llen  in  th e  q u ad ra t from  th e  1977 crop. The older cups could  be 
re liab ly  se p a ra te d  from  th e  new  ones on the basis o f th e  w ell v isib le signs of l i t te r  decay.

W e supposed  th a t  w ith  a  g re a t  certa in ty  th e  sam e  n u m b e r  q u a n tity  of rip e  aco rn  fell 
in to  a q u a d ra t  as was th a t  o f  th e  e m p ty  cups found  th e re . C e rta in  differences are obv iously  
possib le , b u t  these  balance e ach  o th e r . This is also p ro v e d  b y  ou r d a ta . T hen th e  n u m b e r of 
aco rn s w as reg is te red  w hich h a d  b e en  found  in the  q u a d ra t  e ith e r  as hav ing  been a f te r  g e rm in a ­
tio n , o r d e s tro y ed  a fte r g e rm in a tio n , or p a rtly  co n su m ed  b y  ro d en ts , p a r tly  d am ag ed  b y  
in sec ts , o r w hich  did no t g e rm in a te  d u e  to the effect o f fu n g u s  or som e o th er reasons. W e did 
n o t h a v e  to  reckon  w ith  th e  p o ss ib ility  th a t also th e  aco rn s  o f  Quercus petraea (M a tt.)  L iebl. 
will be  c o u n ted , since in th e  p re ce d in g  years th is oak  spec ies d id  no t bring fru it. T he re su lts  
o f o u r ex am in a tio n s  are g iven  in  p iece /m 2 values.

T h e  q u a d ra ts  were re e x a m in e d  betw een 1 and  15 A u g u s t, 1978, and th e  n u m b er of 
liv in g  seed lings was c o u n ted , p iece /m 2. The re p ro d u c tiv e  c a p a c ity  o f the  50 sam ple  trees in 
1977- 1978 w as calcu la ted  as fo llow s:

Cr%  =
fa llen  aco rn , pieces/m 2, in  a u tu m n  1977 

n u m b er o f  liv in g  seedlings p ieces/m 2, in  su m m er 1978
-  X 100

T he w ay  of co un ting  th e  m o r ta l i ty :

M %
to ta l n u m b e r o f liv in g  seedlings, p ieces/m 2, in  sum m er 1978 
to ta l n u m b e r  o f  germ in ated  acorns, p ieces /m 2, in  spring 1978

B etw een  26 O ctober a n d  16 N ovem ber, the to ta l  a co rn  crop of 5 ra n d o m ly  chosen 
T u rk e y  oaks was g a th e red  a n d  selected  in to  g roups o f so u n d  and dam aged of fru its , for 
m ak in g  com parisons. T he a p p ro x im a te  value of the  a n n u a l f r u i t  p ro d u c tio n  pe r ha  w as o b ta in ed  
b y  m u ltip ly in g  th e  average  w e ig h t falling to  one tre e  o f  th e  to ta l  crop by th e  av erag e  tru n k  
n u m b e r p e r ha.

F o r  e stim a tin g  th e  q u a n t i ty  o f ripe fru it of th e  f ru i ts  t h a t  s ta r te d  to grow , we ex am in ed  
th e  m a te ria l  b ro u g h t in to  th e  la b o ra to ry  from  th e  lit te r-c o lle c tin g  boxes p laced  o u t  in  th e  
sam p lin g  a rea , and h av in g  a to ta l  surface of 10 m 2 (cf. T ó t h , В. P a p p  and  J a k u c s , m scr.). 
T he l i t te r  w as sorted  o u t in to  frac tio n s  (b ranch , leaf, f r u i t ,  e tc .), and  th e  n u m b er o f u n d e ­
v e lo p ed  fa llen  fru its  a t  th e  t im e  o f sam pling and those  o f d ev elo p ed  em pty  cups, w ere co u n ted . 
A lth o u g h  th e  cups th a t  h a d  fa llen  by  1 Ju n e , 1978, s till  be lo n g ed  to the  crop of 1977, th e y  
w ere also considered  so t h a t  th e  n u m b er of cups t h a t  re m a in e d  on th e  tree  in  th e  w in te r  o f 
1978 could  be com pensa ted .

R esults and D iscussion

Soon a fte r th e  f ru c tif ic a tio n  of th e  flo w ers , th e  falling of th e  grow ing 
fru its  se ts  ou t (T able 1). O n th e  basis of th e  m a te r ia l  b ro u g h t is from  th e  l i t te r ­
co llec ting  boxes we s ta te d  t h a t  the  num ber o f  u n d ev e lo p ed  fru its  fa llen  to g e th e r
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T ab le  1

Seasonal changes in  the num ber o f  undeveloped f r u i t s  fa lle n  in to  the litter-collecting boxes a n d  o f  the m atured  cu p s

1. X II. 1977 
21. V. 1978

21. V . - l .  V I. 
1978

1. V I. 1. V II. 
1978

1. V I I .- 1 .  V III. 
1978

l .V I I I .  1. IX .
1978

1. IX .-  1. X  
1978

1. X. 1. X I. 
1978

1. X I. 1. X II. 
1978 Total

N um ber of un d e­
veloped fru its , pc. 19 l 137 102 363 108 91 21 842

N um ber of m atu red  
cups, pc.

CO l 1 0 l 20 157 49 313

T otal 103 2 138 102 364 128 248 70 1155

Table 2

T ota l su m s o f  f r u i t  values related to p erm a n en t quadrats (5 0  altogether) under Q uercus cerris L . sam ple  trees (3 1 . I I .  1978 — 15. V I I I .  1978)

1 2 3 4 5 6 7 8 9 10 11 12

Total fallen 
acorn

No. of acorns 
that have 

germinated 
of the total

No. of acorns 
with sound 
shootings 
(from 3)

No. of acorns 
that have 
decayed 

after
germination

No. of acorns 
consumed 
by rodents

Consumed 
by insects

Fungusee, 
and other 
damaged

No
germination

Total of 
damaged 

acorns

Missing
acorns

Seedlings 
that were 
alive on 
15. VIII. 

1978

2  pc/50 m 2 4675 1620 1243 377 178 255 340 49 1199 2233 893

X pc/m 2 93.50 32.40 24.85 7.54 3.56 5.10 6.80 0.98 23.98 44.66 17.86

0//0 100.0 34.65 26.58 8.07 3.81 5.45 7.27 1.05 25.64 47.77 19.10

The d a ta  of colum ns 2 — 11 refer to  a da te  of 5. IV. 1978.

R
E

PR
O

D
U

C
T

IO
N

 C
A

PA
C

ITY
 O

F Q
U

ER
C

U
S C

E
R

R
IS



3 5 2 N A G Y , M.

w ith  th e i r  cups (w ith  a d ia m e te r  o f 4 — 15 m m ) is especia lly  h igh  betw een  
1 J u l y  a n d  1 O ctober, i t  a m o u n ts  to  84 .3%  o f th e  to ta l .  T he fa llin g  o f ripe  
ac o rn s  in  crowds begins a f te r  1 O ctober. In  th is  p e rio d , th e  q u a n t i ty  of th e  
u n d e v e lo p e d  fru its  c o n sid e rab ly  decreases.

T h e  ra tio  of th e  fru its  d e s tro y e d  in  th e  course o f  d ev e lo p m en t to  th e  ripe  
f ru i ts  is  v e ry  high. T ak in g  th e  to ta l  crop th a t  s ta r te d  to  grow  as 100%  (1155 
p ieces/1 0  m 2), th e  q u a n t i ty  o f  th e  rip e  acorns is o n ly  2 7 .1 % . T h u s , on ly  ab o u t 
e v e ry  fo u r th  of th e  fru its  b e c a m e  fu lly  on th e  av e rag e  grow n. A nd even also 
th e  l a t t e r  are  decim ated  b y  m a n y  dam aging  effect (T ab le  2).

T h e  to ta l  q u a n ti ty  o f th e  acorns fallen  on th e  p e rm a n e n t q u a d ra ts , u n d er 
th e  v a r io u s  sam pling  tre e s , show s g rea t d ifferences: i t  f lu c tu a te s  b e tw een  23 
p ie c e s /m 2 and  270 p ieces/m 2; on  an  average i t  is 93.5 p ieces/m 2. I t s  d is tr ib u tio n  
is n o t  ev en , i t  can o ften  he fo u n d  in  groups (F ig . 1).

T h e  to ta l w eigh t o f  th e  acorns (w ith o u t cups) co llec ted  from  u n d er 5 
sa m p le  tree s  for th e  e s tim a tio n  o f th e  crop in  1978 w as 10.62 kg , w hile th e  
a v e ra g e  w eight re la ted  to  one tre e  was 2.12 kg, th a t  is, 272 k g /h a  (Table 3). 
T h is  v a lu e  fits  in to  t h a t  o f  th e  ann u a l crop q u a n tit ie s  m easu red  in  th e  area  
sin ce  1973 (Tó t h , В. P a p p  a n d  J a k u c s , m scr.). T h e  av e rag e  w eig h t fa lling  to  
one a c o rn  (3.43 g/piece) is r a th e r  low in com parison  w ith  th e  5.5 g/piece basal- 
th o u sa n d -se e d -w e ig h t g iven  b y  F u is z  (1965). O ne o f th e  reasons o f th is  is th a t  
fo re s te rs  use th e  w eigh t o f  th o u s a n d  seeds o f th e  f ru its  su ita b le  fo r re p ro d u c ­
t io n  in  th e ir  ca lcu la tion , w hile  in  ou r m easu rem en ts also th e  w eigh t an d  n u m b er 
o f  u n d ev e lo p ed  or d am ag ed  aco rn s are d raw n in to  th e  ca lcu la tio n . I t  can  be 
seen  fro m  th e  d a ta  o f T ab le  3 w h a t d ifferences do occu r b e tw een  th e  average 
v a lu e s  o f  sound and d am ag ed  acorns.

A  considerab le p a r t  o f  th e  q u a n tity  grow n falls as dam aged  a lread y  in  
a u tu m n , o f th e  to ta l  crop  o f  one tree , 1130 g (313 p ieces), i t  w as on ly  483 g, 
t h a t  is 4 2 .7%  th a t  p ro v e d  so u n d . This is 31 .95%  o f th e  n u m b e r of acorns 
(T a b le  3).

13 .77%  of th e  1977 crop  th a t  still ex is ted  in  th e  sp ring  o f 1978 was 
in s e c t  dam aged  (B a lan in u s sp .) , or fungus d am ag ed , or in cap ab le  o f g erm in a­
t io n ,  w hile  3.81%  o f th e  crop  w as consum ed b y  ro d e n ts . A considerab le  p a r t  
o f  th e  crop (47.77% ) w as m issin g  (Table 2). T h is is o b v io u sly  a re su lt o f th e  
a c t iv i ty  of b ig  gam es a n d  ro d e n ts  p rim arily . In  w in te r , w ild  hogs also go 
re g u la r ly  to  th e  sam p lin g  a re a , fo r feeding on m ast. D u rin g  th e  sam plings, we 
fo u n d  u n d e r  the  l i t te r  m a n y  p a th s  tro d d e n  b y  ro d e n ts . In  th e  tra c k s  we often 
saw  aco rn s. W hen u n co v e rin g  one o f th e  tra c k s , we found  12 pieces o f acorn  
d ra w n  u n d e r  th e  g round .

R o d en ts  consum e ev en  g e rm in a tin g  acorns. T h is is n o t alw ays accom ­
p a n ie d  b y  a com plete d e s tru c tio n  of th e  g e rm in a tin g  p la n t, fo r i f  1/3 of th e  lobe 
ly in g  n e a r  th e  rad icu le  is so u n d , th e  seedling  can  s till be v iab le . M ost o ften  
th e  in ju ry  of ro o t neck  or d ry in g  o u t causes th e  decay .
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Fig. 1. A corns germ in atin g  in  groups (P h o to :  M. N a gy)
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A fte r  10 m on ths c o u n te d  from  th e  fa lling  dow n of th e  crop th e  re p ro ­
d u c t iv e  cap ac ity  m easu red  in  1978 was Cr =  1 9 .1 %  (F ig . 2). T his co rresponds 
to  a v a lu e  of Cr =  17.86 p iece /m 2/10 m on ths.

Table 3

Data o f  total product in  1978 o f  5 Quercus cerris L . sampling trees 
(26. X . 1978)

Serial number of sampling trees
£

1 2 3 4 5

T o ta l p ro d u c t, dkg 113 145 361 247 196 1062 212.4

T o ta l p ro d u c t, pc 313 322 1332 551 585 3103 620.6

A v erag e  w eight, g/pc 3.6 4.5 2.7 4.5 3.35 — 3.43

N u m b e r  of acorns, con­
su m ed  b y  rodents, pc 32 6 67 8 13 126 25.2

A v erag e  w eight, g/pc 2.65 4.5 1.94 1.81 2.2 — 2.62

N u m b e r  of acorns con­
su m e d  b y  insects, pc 59 28 109 104 123 423 84.6

A v erag e  w eight, g/pc 1.84 3.21 2.25 2.31 2.22 — 2.36

F ung u ses-d am ag ed , pc 29 19 247 32 42 369 73.8

A v erag e  w eight, g/pc 3.2 4.57 1.30 4.72 2.23 3.20

O th e r  dam age, piece 93 61 118 168 191 631 126.2

A v erag e  w eight, g/pc 3.87 4.83 2.53 4.49 2.24 - 3.59

T o ta l n u m b er of dam aged 
f ru i ts ,  piece 213 114 541 312 263 1443 288.6

A v erag e  w eight, g/pc 3.04 4.38 1.84 3.71 2.23 - 3.04

S o u n d  of th e  to ta l crop, 
p iece 100 208 791 239 322 1660 332

A v erag e  w eight, g/pc 4.83 4.57 3.30 5.48 4.27 - 4.49

I ts  p e rcen tag e  re la ted  to  
th e  to ta l  num ber of p ieces 31.9 64.6 59.4 43.3 55.0 — 53.6

I n  some places th e  seed lings ap p eared  as dense as th e  h a ir  o f  a b rush ; 
w e c o u n te d  122 pieces in  one  o f  our q u a d ra ts . T h e  general h e ig h t o f  th e  seed­
lin g s  is 11 14 cm ; th e  m a x im u m  is 25.2 cm , w hile  th e  m in im um  4.1 cm (29
J u ly ,  1978).

W e exam ined 65 p ieces o f  seedlings co llec ted  by  ran d o m  sam p lin g  from  
th e  a re a  of 6 ha s e p a ra te ly  (T ab le  4). T he co n sid e rab le  w eight ra tio  o f  th e  lobes
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0 1000 pieces

F ig . 2. V arious losses a n d  th e  re p ro d u c tiv e  cap ac ity  in  com parison  w ith  th e  to ta l  aco rn  pro­
d u c tio n  (1977 1978) d e te rm in ed  on th e  basis o f d a ta  o b ta in ed  from  50 p e rm a n e n t  q u ad ra ts

m ark ed  u n d e r Quercus cerris L.

Table 4

Average, m in im u m  and m axim um  sizes o f  6 months old seedlings in 65 pieces 
o f  Quercus cerris L . (1. X .  1978)

X M inim um M a x im u m

L eng th  m easures, cm

aboveground p a r t  (stem ) 15.46 9.0 26.0

below ground p a r t  (root) 17.50 10.0 28.5

full length 32.96 23.0 49.0

D iam eter in lobe, m m 3.12 1 . 8 4.3

W eight, g

roo t 0.91 0.22 2.40

stem 0.49 0.15 0.95

foliage leaf 0.41 0.1 0.74

lobe 2.14 0.6 5.6

to ta l w eight 3.95 1.26 7.93

No. of foliage leaves, piece 5 2 10

Surface of one leaf, cm 2 15.45 3.79 25.82

T o ta l leaf surface of one seedling, cm2 75.54 19.58 180.40
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F ig . 3. L o b u la r ra tio  (L R ) o f Quercus cerris L. leaves. A — F : seedlings; G — L: leaves of the  
fu lly -d ev elo p ed  trees. T he in n e r  c irc le  is th e  g rea tes t d ra w n a b le  in to  th e  leaf, th e  o u te r  circle 
i s  o f id en tica l size w ith  t h a t  o f  th e  lea f (a fte r H o r n  1971). T h e  ra tio  o f th e ir  rad ii p rovides 

the  v a lue  o f L R  ( th e  num ber w ritte n  in to  th e  in n er circle)

s t i l l  p re se n t on th e  g e rm in a tin g  p la n t (2.14 g /p ieces, 54 .2%  o f th e  to ta l  w eigh t) 
is re m ark ab le . T he leav es  o f  th e  seedlings a re  o n ly  to  a sm all e x te n t lo b u la r 
(F ig . 3), we do n o t ev en  f in d  deeply  lobu lar ones am ong  th em .

T he lobe ra tio  (L R ) w as calcu lated  as fo llow s:

LR  =  ri 
Г 2

w h ere  гг =  rad ius o f  th e  circle  equal in su rfa c e  to  th a t  o f th e  le a f
r2 =  th e  ra d iu s  o f  th e  g rea test c irc le  t h a t  can  be d raw n  in to  th e  le a f  

b lade.
The m in im um  le n g th  of one year old T u rk e y  oak  seedlings grow n in  tree  

n u rseries is 14 cm , th e  d iam ete r of th e  s te m  ab o v e  th e  ro o t h ead  is 3 m m  
( K e r e s z t e s i  1967). O n  th e  basis o f th is  i t  c an  be s ta te d  t h a t  th e  average 
sizes of the n a tu ra l  seed lings exam ined b y  u s  do n o t co n sid e rab ly  d iffer from  
th o se  of p lan ts  in  s im ila r  age and grow n in  n u rse rie s .

There are m a n y  g e rm in a tin g  p la n ts  t h a t  decay  a t  an  e a rly  ph ase  o f ger-
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Fig. 4. M ain e ffec ts  in fluencing  th e  re p ro d u c tiv e  c ap a c ity  of T urkey  oak

in itia tion . T he m o r ta l i ty  o f  th e  acorns t h a t  h a v e  germ in a ted  in  sp rin g  w as 
M =  88%  d u rin g  4 m o n th s , while th e  av e rag e  m o r ta l i ty  was 14.54 p ieces/m 2/ 
4 m o n th s, th a t  is o n ly  55 .12%  of th e  g e rm in a te d  p la n ts  w ere still alive in  th e  
a u tu m n  of 1978. In  th e  follow ing years, u n d e r  th e  effect of b io tic  an d  ab io tic  
fac to rs , th e  m o r ta l i ty  w ill increase; th e re fo re , th e  p e rm a n e n t q u a d ra ts  v i l i  fo r 
several years  he p a id  a t te n t io n  to .

The q u a n ti ty  a n d  q u a li ty  of th e  crop , as w ell as th e  v i ta li ty  o f seed lings 
o rig in a tin g  from  it  a re  m o d ified  by  a com bined  e ffec t o f m an y  fac to rs. In  F ig . 4 
we p resen t th ese  im p o r ta n t  fac to rs w hich h a v e  in flu en ce  on th e  re p ro d u c tiv e  
cap ac ity  o f th e  oak . T h e  effects are d iv ided  in to  fo u r  groups: 

fac to rs  d e te rm in in g  th e  q u a n tity  o f c rop  
fac to rs  d e te rm in in g  th e  g erm ina tion  c a p a c ity  of fru its  
fac to rs  d e te rm in in g  th e  g e rm in a tio n  o f  f ru its  hav ing  g e rm in a tio n  
cap ac ity

— fac to rs  d e te rm in in g  th e  grow th o f  seed lings.
T he co m p lica ted  lin k in g  o f th e  m ain  in te ra c tio n s  d em o n stra ted  in  th e  

F ig . 4 give an  e x p la n a tio n  o f th e  d a ta  b e in g  v e ry  d ifferen t b y  th e  v a r io u s  
in d iv id u a ls , b y  years  a n d  b y  h a b ita ts .
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NUEVOS REPORTES PARA LA FLORA HEPATICOLOGICA 
DE AMÉRICA LATINA, I.

Por

R e y e s  D. M.
IN5TITUTO DE BOTÁNICA, ACADEMIA DE CIENCIAS DE CUBA, LA HABANA 

(R eceived 20, D ecem ber 1978)

26 liv e rw o rts  re p o rte d  from  L a tin  A m erica, m o stly  the  collections m ad e  b y  th e  
au th o r, an d  o th e r m ate ria ls  deposited  in НАС a n d  in E G R . 6 of th em  a re  new  for 
Cuba: A phanolejeunea ephemeroides S ch u st., Colura greig-sm ith ii Jov .-A st., Colura ten n i- 
cornis (E v an s ) S tep h ., D repanolejeunea lichenicola  (S p ru ce) S teph ., P rionolejeunea hel- 
leri E v an s , an d  Radula  pallens (S w artz) D u m ., a n d  3 for o ther L a tin  A m erican  
countries.

La de te rm in ác ió n  de especies de h ep á tica s  co lec tad as  po r la  au tó ra  en la  G ra n  P ie d ra  
(p rov incia  S an tiago  de C uba), asi с о т о  la d e te rm in ác ió n  de m a te ria l depositado en  el h e rb ario  
del In s t i tu to  Pedagógico  de E g er en  H u n g ria  (E G R ), d ie ro n  m otivo  a este a rtícu lo  q u e  d a  a 
conocer nuevos re p o rte s  p a ra  le flo ra  hepatico lóg ica  de  A m erica  L atina . Son re p o r ta d a s  26 
espécies de h e p á tica s : 6 espécies de nuevo re p o rte  p a ra  C u b a  (**); I l  espécies re p o r ta d a s  рог 
p rim era  vez p a ra  el á rea  de L a G ran  P ied ra  (*); y  3 espécies de nuevo reporte  p a ra  o tro s  paises 
de A m erica L a tin a  (!):

**Aphanolejeunea ephemeroides S ch u st. -  C uba, G ra n  P ied ra , 1100 m (a co n tin u a c iô n  
-  G P), c. R e y e s  2573, E G R , НАС.

’“Aphanolejeunea evansii Schust. — G P , c. R e y e s  2710, НАС, EGR.
* Aphanolejeunea sicaefolia (G o tt.) E v a n s  G P , c. R e y e s  2701, НАС, E G R .

B onneria  bifida (S teph .) Schust. G P , c. R e y e s  2751, НАС, EGR.
! Brachiolejeunea insularis E vans Belize, c. S p e l l m a n  y S t o d d a r t  B 1 2 8 b , MO 

1276, НАС, E G R .
*C erato lejeunea variábilis (L indenb .) Schiffn. G P , c. R e y e s  2762, Н А С , E G R .
Cheilolejeunea rigidula (Nees e t M ont.) S ch u st. — G P , c. R e y e s  2779, Н А С , E G R .

! C o l o l e j e u n e a  s c a b r i f o l i a  G ott, ex  S teph . T rin id a d , V alencia, c. B i u t t o n  1838, 
E G R , НАС.

*Colura calyptrifolia (H ook .) D um . — G P , c. R e y e s  2702, НАС, EG R .
**Colura greig-smithii Jo v .-A s t G P , c. R e y e s  2714, НАС, EG R .
**Colura ten u ico rn is  (E v an s) S teph . G P , c. R e y e s  2714 p .p ., НАС, E G R .

*Cyclolejeunea convexistipa (L in d en b . ex  L eh m .) E v an s  GP, c. R e y e s  2752, 
НАС, E G R .

D repano le jeunea  crassire tis E vans - G P, c. R e y e s  2718, НАС, E G R .
** Drepanolejeunea lichenicola (Spr.) S te p h . — G P , c. B o r h i d i  y M u n iz  1551, E G R , НАС.

K u r z i a  c a p i l l a r i s  (S w artz) Grolle — G P, c. R e y e s  2726, НАС, EGR.
*Lejeunea flava ssp. flava (Sw artz) Nees G P , c. R e y e s  2779, НАС, E G R .
*Lejeunea laetevirens Nees e t M ont. G P , c. R e y e s  2731, НАС, E G R .
*Leptoscyphus ovatus (S pr.) Grolle — G P , c. R e y e s  2725, НАС, EGR.
*Lophocolea b id en ta ta  (L .) Dum . G P, c. R e y e s  2795, НАС, EGR.
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Neurolejeunea breutelii (G o tt.)  E v an s -  G P . c. R e y e s  2727, НАС, E G R .
! O donto lejeunea lu n u la ta  (W eb.) Schiffn. — B oliv ia , Coroico, c. Ma h u n k a  79/a, 

E G R , Н А С .
**Prionolejeunea helleri E v a n s  — G P , c. R e y e s  2708, НАС, E G R .

*Radula longifolia S tep h . — GP, c. R e y e s  2779, НА С, EGR.
* Radula macrostachya L in d en b . e t G ott. — G P , c. R e y e s  2751, НАС, E G R . 

**Radula pallens (S w artz) D u m . G P, c. R e y e s  2752, НАС, E G R .
Telaranea nematodes (G o tt, ex A ust.) H ow e — G P , c. R e y e s  2755, Н А С , E G R .

A G R A D E C IM IE N T O

A g rad ezco  la ay u d a  rec ib id a  del Dr. T. P o es y  D r. A . B o r h i d i  del In s t i tu to  de  B o tán ica  
d e  la  A c ad e m ia  de Ciencias de H u n g ria , asi с о т о  al D r. R . G r o l l e  de la U n iv e rs id ad  de 
J e n a  en  la  R D A .
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NOMINA NOVA IN GENERE OPHRYS

By

R. Soó
BOTANICAL CARDEN, EÖTVÖS LORÄND UNIVERSITY, BUDAPEST, HUNGARY 

(R eceived Ju ly  25, 1979)

A u th o r  describes 4 new  com binations a n d  4 new  hybrids of the  gen u s O p h rys  
and m ake  som e tax o n o m ic  rem arks in re la tio n s  o f th is  genus. New co m b in a tio n s: 
O phrys om ega ifera  F le isch m an n  var. f le i s c h m a n n i i  (H a y ek ) Soó and  var. d y r is  (M aire) 
Soó, O. lo m m a s in i i  Yis. ssp. arenicola  (R chb . f.) Soó, 0 . ku rd ica  R iick b ro d t ssp . k u r-  
d is la n ic a  (R en z) Soó. New hybrids: O .X g u m p r e c h l ia n a  Soó, O .X u o ld m a n n ia n a  Soó, 
O .X b a u m u n n ia n a  Soó, ö . X g ra fin n a  Soó.

Conibiiiationes n o v ae

Ophrys om egaife ra  F l e i s c h m a n n  1925 ő s t .  B o t. Zschr. 74: 184 (m icro sp . 
agg. O .fu sca , ú t i  e tiam  0 .  atlantica  M u n b y  1856 [fusca  subsp. d u rieu i  ( R c h b . 

F.) Soó 1927, n ő m én  p ro  subsp . leg itim um ] e t  О. pallida  R a f . 1810. —  v a r. 
fle ischm ann ii ( H a y e k  1926 F edde R eport. 22: 388 p . sp.) Soó com b. n . (Soó 
1926 p . subsp . 0 .  fu sc a e , 1973 p . v ar. 0 . fu sca e)  —  v a r. dyris ( M a i r e  1931, 
B ull. Soc. H is t. N a t. A fr. N ord . 22: 65 p . sp.) Soó com b. n. (Soó 1933 p . subsp . 
0 . fuscae , K e l l e r  1940 p . subsp . 0 . atlanticae).

O. to m m asin ii V is. 1852 F l. D alm . 3: 354 ( in c l .  0 . litigiosa  C a m u s ).

P la n ta e  a ffin es , séd non  iden ticae , cf. S o ó  in  FI. E u r. 5. (1979), A cta  
B o t. H u n g . 18: 380 (1973).

0 . to m m a sin ii:  Flores normaliter 3 — 5, rarius plures, peta la  tr in e rv ia , 
labellum  6 - 1 0 x 6  — 10 m m , pa llide brunneum , pap illo se  subvillosum , gibbae basa- 
les parvae, séd conspicuae. Ju g o slav ia  ( I s tr ia  C orfu), G raecia N W , C re ta , 
R hodos?

0 . litig io sa : Flores norm aliter 6 10, ra riu s  pauciores, peta la  un in erv ia ,
labellum 5 8 x 5  8 m m , pa llide vei fla vescen ti- vei atrо-brunneum , pap illose-
velu tinosum , gibbae basales normaliter nulláé. M ed ite rraneum  W : G allia , G er­
m an ia , H e lv e tia , H isp án ia , I ta l ia ? ,  G raecia (ra ro ).

N om ina specifica  an tiq u iss im a lég itim a : 0 .  tom m asinii V is. l.c . resp . 
0 . litiginosa  Ca m u s  J o u rn . B o t. 10: 1— 3 (1896), p ro  subsp.: 0 .  sphegodes 
M i l l , subsp . töm ni. Soó 1970 resp. litigiosa  B e c h e r e r  1925, séd v e te riu s : 
0 . araneifera  su b sp . araneola  ( R c h b . f . Ic o n . FI. G erm . 1951: 89 p . va r.)  
R i c h t e r  P l. E u r . 1: 263, ideo nőm én leg itim u m  0 . tom m asin ii V is . su b sp .
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a ra n e o la  ( R c h b . f . l.c.) Soó com b. n . S y n o n y m o n  est e tiam  0 . sphegodes subsp . 
pseudospecu lum  ( R c h b . f . p . v a r.)  K e l h o f e r  séd non 0 . pseudospeculum  DC. 
1815 p . sp ., cujus p la n ta  —  sec Ca m u s  e t  R o u y  — : 0 . lutea X sco lo p a x  (sed 
d u b ia ) .

O. k u rd ica  R ü c k b r o d t  1975 subsp . k u rd is ta n ic a  ( R e n z  1978 F l. I ra n . 
O rc h id a c e ae  83 p . sp.) Soó com b. n . ab  0 . ku rd ica  specifice non d iffe rt.

O. ph ryg ia  F l . e t B o r n m . 1923 (cilicica  S c h l e c h t . 1923) m e ju d ic e  ad 
sp ec iem  (agg.) 0 . reinholdii S p r u n e r  ex F l. 1908 p e rtin e t, cf. icônes in  K e l l . 

M on. Ic o n . 3: T. 15, fig. 5, N e l s o n  G e s ta l tw a n d e l . . . Ophrys T . LV . n r . 8, 
15— 16 iden ticae .

O. oestrifera  M. В. 1808 F l. T au r. C auc. 2: 369 est me ju d ice  m icrosp . 
agg . О. scolopax  d is tin c ta  (cf. Soó A cta  B o t. H u n g . 16: 386 (1970), F l. E u r . 5. 
(1979), ab  0 . cornuta  bene d iv e rsa . In  casu  co n tra c tio n is  tax o ru m  d u o ru m  est 
u t i  n o m e n  specificum  a n tiq u iu s  —  e t leg itim u m  — , quam  0 . cornuta  S t e v e n  

1809 M ém . Soc. M osq. 2: 175. —  N om ina re c ta :  О. oestrifera M. В . (scolopax  
su b sp . oestrif. Soó 1970) subsp. oestrifera, subsp. cornuta  ( S t e v .)  R i c h t e r  1890, 
Soó 1931 (scolopax subsp . cornuta  Ca m u s  1908).

H ybridae hucusque non  r i te  descrip tae 

O phrys X g u m p rech tian a  Soó nom . n.

O phrys fu sca  X  garganica  G u m p rech t O rch id ee  21: 355 (1970) (О. X  pseudo- 
fu s c a  A lb e r t  e t Cam. nm . gum prechtiana) g e rm an ice  descrip ta .

P la n ta  20- 40 cm , flo res  2 — 5. Bracteae angustae, ovariis longiores. Sepala  
v ir id ia , ovata, praecipue m ed ianum  (uti O. fu sca e ). Petala virid ia -fusca , longi- 
ora, q u a m  in  0 . fu sca , angustiora  0 . garganicae. Labellum  subtrilobum  vel 
in teg ru m , egibbosum, parte  m edio p a p illo sum , m arg ine  p ilosum . M acula  coerulea 
vel C andida resp. albom arginata, b ipartita  vel H -fo rm is . A rea  basalis p a rva ,  
in c isu ra  alba, triangularis, calla basalia pa llid a , a p p en d ix  connectivi nu lla .

I ta l ia ,  M te G argano : S ip o n tea ; H o lo ty p u s  H erb . G um prech t, F re ib u rg .

О. X w a ld m an n ian a  Soó n o m . n.

[O. spéculum  x fe rru m -e q u in u m  W a ld m an n  O rchidee 22: 206 (1971) g er­
m an ice  d e sc rip ta . T ab .]

P la n ta  cca 20 cm. Sepa la  anguste vel late ovata, pallide olivacea, in fe r iu s  
p u rp u re u m . Petala basi lata, lanceolata, obtusa vel acuta, sepalis ter breviora, 
m arg ine  albopilosa. Labellum  trilobum , lobi laterales m argine p ilo si, v ix  gibbosi. 
M a cu la  coerulea, m argine p a llid io r . Calla basalia  adsun t, appendix v ix  evoluta.

G ra e c ia , m t. H y m e tto s . H o lo ty p u s  H erb . W a ld m an n , K assel.
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О. X b a u m a n n ia n a  Soó nom . n .

[0 . sphegodes X  cretica B a u m a n n  O rch idee 23: 206 (1972) g erm an ice  
d esc rip ta .]

Planta cca 15 cm, flores 2 —3. Sepala pallide flavovirid ia ,  lateralia  roseo 
diluta. Petala purpurascenti-v iridia, sepalis  cca ter breviora. Labellum purpureo-  
brunneum, lobus médius paullo trilobum, margine resupinatus , gibbae parvulae.  
M acula argentea bipartita  (lineis duabus). Area basalis concava, calla basalia  
reducta, appendix parva ,  viridis.

C reta : S iva. H o lo ty p u s H erb . B a u m a n n , B öblingen.

О. X g ra f ia n a  Soó nom . n.

[0 . bom bylifloraX  carmeli su b sp . attica, G ra f  O rchidee 29: 149 (1977) ger­
m an ice  in su ffic ien te r — d esc rip ta .]

Planta 12 cm, flores 2 3. Sepala  vir id ia ,  medianum provergens, petala
v ir id ia  vel cano-viridia, sepalis ter breviora, labellum inter parentes intermedium, 
macula dissoluta, indumentum labelli uti O. bombyliflorae, appendix  parva .

G raecia, C orcy ra  (K orfu): P irg i. H o lo ty p u s : H erb . G raf. D ü b en d o rf .
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SIGNIFICANCE OF ANATOMICAL FEATURES 
OF THE SHOOT IN THE SYSTEMATICS 

OF HUNGARIAN GENTIANA

By

J .  Sz u j k ó -L ac za  and S. S e n *
BOTANY DEPARTMENT, NATURAL HISTORY MUSEUM, BUDAPEST, HUNGARY 

(R eceived  J u ly  20, 1978)

T he stem  and leaf a n a to m y  of th ree  H u n g a rian  species o f G en tia n a , nam ely , 
G. p n eum onan the , G. cruciata an d  G. asclepiadea  has been studied . In  th e  case  o f G. 
cruciata  five  ch arac te rs  ap p ear to he s ig n ific a n tly  a ffec ted  by the  e n v iro n m e n t, w hereas 
on ly  tw o o f G. asclepiadea and  tw o  of G. pneum onan the. The num ber o f p ap illo se  cells 
p e r q u a d ra te  on th e  leaf m arg in  also v a rie s  am o n g  th e  three  species. S ig n if ic a n t cor­
re la tio n s hav e  been found be tw een  th e  a rea  o f  m ain  v ascu la r bundle an d  b u n d le  sh ea th  
p a ren c h y m a  in  G. cruciata and  b e tw een  th e  a rea  o f th e  1st la te ra l b u n d le  a n d  bundle  
sh e a th  p a ren c h y m a  in  G. asclepiadea. T he le n g th  of th e  s to m ata  in all th e  th re e  species 
ex h ib its  a  h igher d iv ers ity  v a lue  th a n  th e  b re a d th .

W e h av e  d e tec ted  5 s tem  an d  6 lea f  c h a ra c te rs  w hich are com m on  in  th e  th ree  
species a n d  m ay  he useful for som e o th e r  species o f  Gentiana  too, as d iag n o s tic  fea tu res . 
As e x p ec ted  on  th e  basis of m o rp h o -ta x o n o m ic  s tu d y  G. cruciata and  G pneu m o n a n th e  
show  a m ore closer a ffin ity  w ith  th e  a n a to m y  o f th e  s tem  th a n  G. asclepiadea. T herefore  
th is su p p o rts  th e  p resen t tax o n o m ic  t r e a tm e n t  o f  th e  th ree  species.

In tro d u c tio n

T his p a p e r  is a p a r t  o f a series o f o u r s tu d y  on  H u n g a ria n  Gentiana. F i r s t  a nu m erica l 
ev a lu a tio n  o f exo m o rp h ic  characters w as carried  o u t  w ith  a view  to ju s tify in g  th e  exclusion  
of G. ciliata  from  G entiana  to Gentianella  ( S z u j k ó - L a c z a  a n d  S e n  1977a, b, c, d).

T he re su lts  o f o u r s tu d y  in d ica te  th a t  G. cilia ta  has  a very  low degree o f a f f in i ty  w ith  
th e  o th e r th ree  species, viz. G. pneum onanthe , G. cruciata  an d  G. asclepiadea, so i t s  t r e a tm e n t  
u n d e r  Gentianella  seem s to  be more p ro b ab le . In  th e  second  p a r t  of this series w e h a v e  delt 
w ith  th e  d is tr ib u tio n , d iv ers ity  and e q u ita b ili ty  o f  th re e  species, nam ely G. p n eu m o n a n th e , 
G. cruciata an d  G. asclepiadea. The p re se n t p a p e r d eals w ith  th e  anatom y of s te m  a n d  leaves 
o f th e  sam e th ree  species.

G entiana  is a poorly  know n ta x a  fro m  an  a n a to m ic a l p o in t of view, e x ce p t th e  rh izom e 
or ro o t o f som e species w hich is know n from  m ed ic ina l purposes.

M e t c a l f e  a n d  C h a l k  (1950) hav e  com piled  som e w orks on the an a to m y  o f  leav es  and 
stem s of Gentiana. L ä m m e r m a y e r  (cf. H e g i  1906) in v e s tig a te d  fat-like su b s tan ces in  d iffe re n t 
o rgans o f G. asclepiadea.

K ü s t e r  (1956), K a u s s m a n n  (1963) an d  E s a u  (1969) rep o rted  on th e  p r im a ry  cork 
an d  wall fo rm atio n  an d  p ectin  co n ta in in g  cells o f en d o d erm is in  the  roo t of G entiana  species. 
G o p a l  K r i s h n a  a n d  P u r i  (1962) in v es tig a te d  in  d e ta il th e  m orphology of th e  f lo w e r o f  som e

* D e p a r tm e n t o f B o tan y , S eram pore  College, Ilo o g h ly , W est Bengal, In d ia
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G entianaceae , including n in e  species of Gentiana. T h ey  c la rif ie d  the  v ascu la riza tio n  o f th e  
re p ro d u c tiv e  organs an d  also th e  p lac en ta tio n  for n u m ero u s  species.

Gu l a t i (1969) m ade  a g en era l survey of th e  a n a to m ic a l characteris tics on  th e  re p ro ­
d u c tiv e  o rg an s of Gentianaceae  a n d  K s e h t r a p e l  (1969) d e lt  w ith  the flo ral ev o lu tio n  of 
G entianales.

T h e  anatom ical s tu d ie s  o f Gentiana  species d e se rv e  specia l a tte n tio n  to  tw o  co u n ts . 
F ir s t ly ,  th e  an a to m y  of G entiana  species has n o t b e en  p ro p e rly  studied. Secondly , a  com ­
p a ra t iv e  s tu d y  of a n a to m ica l ch ara c te ris tic s  in c o n ju n c tio n  w ith  m orphological fe a tu re s  m ay  
c la rify  th e  taxonom ic  and  p h y lo g én ie  re la tionsh ip  am ong  th e  ta x a  of this genus. A c o m p a ra tiv e  
s tu d y  o f th e  stem  and le a f  a n a to m y  of th e  th ree  species o f  Gentiana m en tioned  ab o v e  was 
ca rried  o u t  to estab lish  th e  a n a to m ic a l rela tionsh ip  in  te rm s  o f sim ilar and d iagnostic  fe a tu re s  
am o n g  th e  th ree  species ta k e n  to g e th e r, and betw een  th e  m em b ers of d ifferen t species pa irs . 
T hese  as well as our fin d in g s on  m orphological ch a ra c te rs  m a y  help  to  clarify th e  ta x o n o m y  of 
th ese  species w ith  respec t to  each  o th er.

M aterial and m ethods

F re sh  m ate ria l o f G. pneum onan the  and G. asclepiadea  were collected by  us fro m  th e  
v illage  S zak o n y falu  and F a rk a s fa  o f th e  county  V as d u r in g  O ctober. 1976. G. cruciata  w as 
rece iv ed  b y  courtesy  of Mr. K o v á ts  who collected i t  fro m  B ü k k  m ountains (co u n ty  o f B orsod). 
All co llec tio n s were m ade a t  th e  la te  flowering stage. F o r  a n a to m ica l in v estig a tio n s we used  
th re e  p la n t  sam ples in each  species. F irs t the  sam ples w ere  ta k e n  from  each stem  in te rn o d e . 
F re e -h a n d  cross- and ta n g e n tia l  sec tions were p rep ared  fro m  th e  middle po rtio n  of th e  in te r ­
n ode  o f all th e  th ree  p la n ts . M oreover, the  firs t, th ird  a n d  th e  term inal in te rn o d e  w ere cu t 
in to  f iv e  eq u ally  long p ieces a n d  th e  cross-sections w ere  m ad e  from  the u p p e r p a r t  o f each 
p iece, acco rd ing  to S z u j k ó - L a c z a  1977. A fter th is  p re lim in a ry  in v estiga tion  th e  sec tion  
sam p les w ere tak en  from  th e  m id d le  o f the f irs t, th ird  a n d  te rm in a l in ternodes (P ig . 1). B y  th is  
m e th o d  th e  difference(s) co u ld  be  exam ined am ong th e  in te rn o d es  in space an d  th e  sec tions 
ta k e n  fro m  th e  d ifferen t lev e ls o f th e  stem  also re fle c t th e  age differences am ong  th e  in te r-  
nodes, fro m  th e  f irs t and  o ld es t to  th e  las t-te rm in al a n d  y o u n g e s t one. So we can  re ad  som e 
processes b y  th e  serial seq u en ce  of in te rnodes, nam ely  w h a t  h ap p en ed  in th e  in te rn o d es  d u rin g  
th is  t im e  (i.e. the  cell w all th ic k e n in g  process).

T h e  leaves were co llec ted  fro m  th e  m iddle o f a ll th e  th ree  stem s and th e  a n a to m y  of 
leav es w as s tud ied  on m ic ro to m e  sections of 10 p m  th ic k n e ss  tak en  from  th e  m id d le  p o rtio n  
of la m in a  (F ig . 1). T he m a te r ia l  w as fixed in N aw ash in  so lu tio n , em bedded in  p a ra f f in  an d  
s ta in e d  to lu id in e  blue. F ro m  eac h  lea f  sam ple th ree  c ro ss-sec tio n s were stud ied  an d  th e  av erag e  
m ean  v a lu e s  were used  fo r eac h  lea f  as basic d a ta . T h e  n u m b e r  of papillose cells in  a  sq u are  
in  th e  le a f  m argin  and th e  n u m b e r  of sto m ata  in  a sq u a re  w ere counted from  th e  fiv e  leaves 
o r ig in a tin g  from  5 d iffe ren t p la n ts . T he leaves w ere se lec te d  from  the  same positio n  as in  the  
o th e r  in v es tig a tio n s  (F ig . 1). T h e  co un ting  process fo r th e  co rre la tio n  coefficient w as b ased  on 
B re av e s’s m ethod , th e  a n a ly s is  o f variance  was acco rd in g  to  S v á b  (1967). T he d iv e rs ity  has 
been  d e te rm in e d  according to  S h a n n o n ’s m odel (1948) a n d  fo r evenness (E ) we h av e  fo llow ed 
P ie lo u .

T h e  anatom ical c h a ra c te rs  o f the  leaf are m a rk e d  b y  c (Table 1) and  each  c h a ra c te r  
h a s  a  series ru nn ing  in d ex  (c t , c2, c3 . . .). For a c o n v e n ie n t d e te rm in a tio n  of th e  co rre la tio n  
co effic ien t, th e  values o f th e  c h a ra c te r  num ber c2 (A rea  o f  m esophyll tissues a n d  seco n d ary  
v e ins) h a v e  been d iv ided  b y  1 0 ,0 0 0  and  c- (num ber o f v a sc u la r  in a un it area) m u ltip lie d  by  
a h u n d re d .

K ey  to  a b b rev ia tio n s  a p p lie d  in  the  figures: b  =  b u n d le  shea th  p a ren ch y m a , c =  cork 
p a re n c h y m a , cr =  c ry s ta l, cu  =  cuticle , e =  ep id e rm is , en d  endoderm is, e p h  =  e x tra -  
x y la ry  ph loem , g =  s to m a  g u a rd  cell, h =  h y p o d e rm a , i =  in te rce llu la r space, i p h  =  in tra -  
x y la ry  ph loem , in  =  in n e r  p h lo em , m  =  m ucilage cell, m e =  m edullary  phloem , n  =  nuc leu s, 
о p =  o rig in  of pap illae , p  =  p o re , pa  = p a ren ch y m a , p a p  = papillose cell, pe =  p ericycle , 
p h  =  p h lo em , pi =  p ith , p p  =  pa lisade p a ren ch y m a , r  =  rib  (wing), ra  r a y  cell, s =  
sc le re n ch y m a  fiber, sc =  sc le ren ch y m a  cylinder in  th e  o u te r  xylem , sec =  se c re to ry  can a l, 
so =  so lita ry  xylem  e lem en t, sp =  spongy p a ren c h y m a , s t  =  sto m ata , t  =  tra c h a e a , t  c w =  
th ic k e n e d  cell wall, t i  =  tra c h e id a ,  t r  =  tran s itio n a l cell, t r a  =  tran sp o rtin g  zone in  th e  
x y lem , X =  xylem , vb  =  v a sc u la r  bundle.
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Fig. I. G entiana asclepiadea, h a b itu s

R esult an d  discussion

Stem  anatom y :

Com m on c h a ra c te rs :
A )  A m ong th re e  species

1. S tem  r ib b ed  (F igs 7, 8 , 11, 12).
2. T he p r im a ry  c o rtex  often  la c u n a r  or so m etim es com pressed (F igs 2, 9, 12, 13, 

20 , 26).
3. E n d o d erm is w ell-defined (F igs 2, 8 , 9, 12, 15, 16, 20, 26).
4. O u te r e x te rn a l phloem  p re sen t (F ig s 2, 7, 8 , 9, 10, 12, 13, 14, 15, 21).
5. In  th e  p i th  th e re  are iso lated  x y lem  e lem en ts (F ig s  5, 7, 19, 25).
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F ig . 2. Gentiana asclepiadea . 1st in te rn o d e . C ross-section  (cs) o f stem  300 X

В )  S im ila r ity  betw een  tw o  species p a ir  re sp ec tiv e ly :
a )  C haracters be tw een  G. cruciata  and  G. pneum onanthe :

F ro m  the  an ato m ical p o in t o f view  these  tw o species ap p ear to  be m ore closer to 
e ac h  o th e r ,  p a rticu la rly  w ith  re sp ec t to  stem  a n a to m y . T he com m on fe a tu re s  be tw een  
th e m  a re :

1. Absence of in tra x y la ry  ph lo em  (Figs 21, 26, 27).
2. Presence of ra y  cells in  x y le in  cy linder (F ig s 21, 22, 24, 25, 26, 27).
3. T he cell wall th ic k en in g  o f th e  xylem  e lem en ts  g rad u a lly  decreasing  fro m  th e  ex tra - 

x y la ry  phloem  to  th e  p i th  cells. The cell g ro u p s of th e  in trap h lo em  —  fo u n d  n ear 
th e  xylem  cy lin d er —  (F ig s 21, 22, 27).
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Fig. 4. Cs. stem  show ing xy lem , in te r  an d  in tra x y la ry  p h lo em  a n d  so lita ry  xy lem  e lem en t in 
th e  p i th  p a ren c h y m a , in Gentiana asclepiadea , 1st in te rn o d e  300X

13 A c t a  B o t a n i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 5 ,  1 9 7 9

Fig. 3. Gentiana asclepiadea, 1st in te rn o d e . T an g e n tia l sec tio n  (ts) 300 X
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F ig . 5. Gentiana asclepiadea , 1st in te rn o d e  (ts). S o lita ry  x y lem  in th e  p i th  300 X

4. S c a tte re d  groups of p h lo em  cells, be ing  su rro u n d ed  by  a lay e r o f p a ren c h y m a to u s  
lay e r. R ound th e  p h lo em  cells m ay  be b u nd le  sh e a th  because th e  cells co n ta in  
w eakly-green  ch lo ro p las ts . T h e  p i th  cells differ from  each -o th e r in  size a n d  shape 
due  to  the  presence of p h lo em  g ro u p s w ith  p a ren ch y m a to u s  sh e a th  (F ig . 5).

5. P ericycle  1-cell w ide, th in -w a lled  tissu e  (F igs 15, 16, 26).
6. M ucilage cells are p re se n t in  th e  c o rte x  (F igs 20, 26).

b )  C h a ra c te r  betw een  G. cruciata  an d  G. asclepiadea:

1. T h e  epiderm is is devo id  o f pap illose  cells (F igs. 2, 7, 8, 9, 11, 15, 20, 24).

c)  C h a ra c te r  betw een  G. asclepiadea  an d  G. pneum onanthe :

T h e re  is no ch arac te r w h ich  is com m on  o n ly  to  these  tw o species.
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F ig . 6. Gentiana asclepiadea , 3rd in te rn o d e . P itli p a ren ch y m a  cells, d iffer in size (ts) 300X

C ) D iagnostic  fea tu res:
G. asclepiadea :

1. T h e  c o rtex  m ay con ta in  se c re to ry  canals a n d  endo the lia l cells (F igs 2, 8 ).
2. P r im a ry  co rtex  cells w ith  c o n tin u o u s  th ick en ed  walls (F igs 2, 9, 12, 13).
3. X y lem  consisting  of two d is t in c t  co n cen tric  zones, th e  o u ter sc le re n ch y m a to u s  zone 

is m u ch  developed b u t g ra d u a lly  decreasing  tow ard  apex (F igs 2, 3, 7, 10, 13, 14). 
T he in n e r  one is the tra n s p o r tin g  zone (F igs 2, 7, 10, 11, 12, 13, 14). (A m ong the  
th ree  species i t  has tall, th in , u p r ig h t  shoots, co n tra ry  to th e  G. crucia te, w hich is 
sem i-ly ing .)

4. In  th e  xylern the  sc le ren ch y m a to u s  zone form ing  a close c y lin d e r w ith o u t d is­
cern ib le  ra y  cells (Figs 2, 7, 10, 14).

5. T h e  in n er zone of xylem  ( th e  t ra n s p o r tin g  one) being com posed of n u m ero u s  vessels 
acco m p an ied  by a little  p a re n c h y m a  ( M e t c a l f e  and  C h a l k  (l.c .), a n d  (F igs 2, 10). 
I t s  th ick n ess decreases in an  u p w a rd  d irec tio n  (Figs 2, 7, 10, 11).
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6. E x tra - , in tra -  o r m ed u lla ry -  and  in te rx y la ry  p h lo em s p re sen t (F igs 2, 4, 7, 10, 11). 
Am ong the  th ree  species th e  G. asclepiadea has  th e  ta l le s t  shoots. T he well developed 
sclerenchym atous zone  m ay  be connected  w ith  th is  fact. The sc leren ch y m ato u s 
zone of the  xy lem  c an  p ro v ide  the  s ta tic s  o f th e  ta ll  stem . Besides th ere  th e  cell 
walls of the  tra n s p o r t in g  zone are less th ic k , c o m p a red  w ith  th e  tw o o th e r Gen­
tiana  species.

G. cruciata:

1. P rim ary  co rtex  cells o f  f i r s t  in te rnode  w ith  d isco n tio n u o u s  th ick en ed  walls (F ig.
1 5 ) .

2. X ylem  cy linder —  co n sis ts  o f tran sp o rtin g  zone o n ly  — is v e ry  th ick  w ith  ra y  cells 
(Figs 21, 25). T he d ia m e te r  of the  x y lem  cells in creas in g  from  th e  e x tra x y la ry  
phloem  to  th e  p i th  (F ig . 21).

3. The m ost o u ts ta n d in g  fe a tu re  is the presence of c ry s ta ls , in  th e  cork and p i th  (F igs 
17, 18, 19).

A c ta  Botanica Academ iae S c ie n tia ru m  H ungaricae 25, 1979
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F ig. 8. Gentiana asclepiadea , 3rd in te rn o d e . Show ing cs p rom inen t ribe  300 X

G. pneum onanthe :

1. Papillose cells p re sen t only on ribs.
2. T he trach eae  are  sca tte red  in th e  xy lem . T h ey  d iffer from  each o th e r in size (F ig  27).

S u m m a ry  o f  the common characters in  the three species: th e  d ia m e te r  o f  th e  
m id d le  o f  th e  in te rn o d e  decreases from  th e  f i r s t  to  th e  la s t, th e  te rm in a l one. 
B lit th e  cell rows o f th e  sam e tissue  do n o t  a l te r  in  th e  sam e sequence. As in  th e  
P im p in e lla  an isum  ( S z u j k Ó -L a c z a  1977) also  in th e  th ree  G entiana  species th e  
tra n s p o r t in g  zone o f th e  xy lem  consists o f  less cell rows in th e  f irs t  in te rn o d e  
th a n  in  th e  th ird  one (F igs 2, 10). F ro m  th e  fo u r th  one th e  n u m b er o f  th e  cell 
row s g rad u a lly  decrease to  th e  te rm in a l in te rn o d e .
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F ig . 9. G entiana asclepiadea , 3rd in te rn o d e . C ork cells w ith  endoderm is (cs) 300 X

S i m i l a r i t y  i n  th e  f i r s t  in t e r n o d e  in  the  th r e e  s p e c i e s :

T h e ep id erm al cells a re  in ta c t in th e se  d ev e lo p m en ta l phases also;
Cell w all o f th e  p r im a ry  co rtex  cells th ic k e n ;
E n d o d erm is , an d  th e  ex te rn a l- and  in te rn a l  phloem  are p re sen t; 
S c a tte re d  x y lem  elem ents are in  th e  p i th ;

D i s s i m i l a r i t y  :
T h e c h a ra c te r  o f th e  cell th ick en in g  o f  th e  p rim ary  co rtex  cells d iffers 

t h a t  is , i t  is d isco n tin u o u s in  G. a s c l e p i a d e a  a n d  con tinuous in  th e  o th e r  tw o
species;

T h e  p a re n c h y m a  cells are p re sen t ro u n d  th e  trach eae  in th e  x y lem  of 
G . a s c l e p i a d e a  and  th e y  are ab sen t in th e  o th e r  tw o  species;

T h e  xy lem  consists  o f  tw o d is tin c t zones -  sc le renchym atous an d  t r a n s ­
p o r t in g  one in G. a s c l e p i a d e a , th e  G. c r u c i a t a  an d  G. p n e u m o n a n t h e  h a v e  o n ly  
one, th e  tra n sp o r tin g  zone;

C a-o x a la te  c ry s ta ls  a re  in th e  c o rtex  a n d  p ith  p a ren ch y m a cells o f  G .  

c r u c i a t a  only ;

S i m i l a r i t y  i n  th e  t h i r d  in t e r n o d e  :
T h ere  are m ore cell row s in th e  t r a n s p o r t in g  zone along a ra d iu s  th a n  in 

th e  f i r s t  in te rn o d e ;
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F ig. 10. Gentiana asclepiadea , 3 rd  in te rn o d e . S c leren ch y m ato u s cy lin d er in  th e  e x te rn a l xy lem ,
in tra x y la ry  phloem  (cs.) 300 X
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Fig. 11. G entiana asclepiadea , te rm in a l in te rn o d e  (cs.) 300 X

D issim ilarity  :
U n d er the  ribs th e re  a re  secre to ry  chanels w ith  com pressed  en d o th e lia l 

cells in  G. asclepiadea , th e  o th e r  tw o species h av e  m ucilage cells am ong  th e  
c o rk  cells. In  the  te rm in a l in te rn o d e  com pared  to  th e  th ird  one, th e  s im ila rity  
an d  d iss im ila rity  are th e  sam e  in  all th e  th re e  species. T he d ifferences are 
a p p a re n t  only from  th e  d ecrease  o f th e  cell n u m b e r in each tissue .

L e a f  a n a t o m y  :

I .  Q u a l i t a t i v e  c h a r a c te r s  :

A )  C om m on ch arac ters  am o n g  th ree  species:

1. L eaves are d o rs iv e n tra l w ith  c u tic u la r  ep iderm is (F ig s 30, 31, 32).
2. S to m a ta  p resen t on ly  on  lo w er ep iderm is (F igs 32, 35).
3. P ap illose  cells p re sen t on le a f  m arg in  (F igs 28, 29).
4. M esophyll d iffe ren c ia ted  in to  palisade and  spongy  tissu es (F igs 30, 31, 32).
5. M ucilage cells occur in  th e  ep iderm is itse lf and  from  d efin ite  b u t  sc a tte re d  cell groups 

im m ed ia te ly  in th e  u p p e r  ep id e rm is (F igs 30, 31, 32). T he ram ified  ex ten sio n  of m ucilage 
cells (Figs 32a, b, 38) p e n e tra te  in to  the in te rce llu la r  spaces (F igs 31, 32). M oreover,
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F ig. 12. G entiana asclepiadea, te rm in a l in te rn o d e . R ib , com pressed  cork cells a n d  endoderm is
in cs. 300 X

th e  m ucilage cells are p re sen t am ong  th e  spongy  paren ch y m a (F ig s 31, 33a, 38), 
som etim es covering th e  sm all v a scu la r  b u n d les  (F ig . 33b).

6 . M ain v ascu la r bundles b ico lla te ra l (F igs 35, 36, 37) and  sm aller one c o lla te ra l (F ig . 31) 
T h ey  are  su rrounded  by a b u n d le  sh ea th  o f ch lo ren ch y m ato u s cells (F ig s 30, 31)

Com m on ch arac te rs  be tw een  th e  species p a ir  respec tive ly .

В )  S im ila rity  betw een  tw o species p a ir  re sp ec tiv e ly :

a)  C h arac te rs  betw een G. asclepiadea  and  G. crucia ta: T here  is no c h a ra c te r  w hich is 
com m on oidy to these species.

b) C h arac te rs  betw een G. asclepiadea  an d  G. pneum onanthe  : T he p a re n c h y m a to u s  tissue 
ju s t  below the  m ain  v a sc u la r  b u nd le  raise o u t on the  u n d e r side o f th e  lea f  (Figs. 
36, 37).

c) C h arac te rs  betw een G. cruciata  an d  G. pneum onan the:  The palisade tis su e  (one or two 
rows) an d  tran s itio n a l cells are  w ell-developed (F igs 31, 32).
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F ig . 13. Genliana asclepiadea , te rm in a l  internode. H y p o d e rm is  u n d e r com pressed  co rk  cells 
and en d o d erm is . E x tra x v la ry  phloem  a n d  x y lem  (cs.) 300 X

C )  D i a g n o s t i c  c h a r a c t e r s :

G. asclepiadea :

1. T h e  m ain vascu lar b u n d le  an d  two la te ra l b u n d le s  arise  o u t on th e  u n d e r  side 
(F ig . 36).

2. P a lisad e  tissue tw o -la y e re d  w ith  sm aller cells (F ig . 30).
3. U p p e r epiderm is w a v y  in  o u tlin e  (Fig. 30).

G. cruciata:

1. T h e  vascular bu n d les do  n o t  bulge ou t (Fig. 35).
2. U p p e r epiderm al cells w a v y  in  outline only in  th e  reg io n s o f m ain  vascu la r b u n d le  and  

b ig  latera l bundle (F ig . 35).
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F ig. 14. Gentiana asclepiadea , te rm in a l in te rn o d e . N arrow  cy lind rica l sc lc ren ch y m a  is in  xylem  
and  sc a tte re d  in te rx y la ry  ph loem  1 2 0 X

G . p n e u m o n a n t h e  :

1. Only m ain  v a sc u la r  bundle  bulge o u t on u n d e r side (F ig. 37).
2. E p iderm al cells n o t w avy  b u t  s tr ig h t  in ou tline .
3. The whole m eso p h y ll is m ore com ple te ly  m ucilag inous, in c lu d in g  tra n s it io n a l cells 

(Fig. 32).

I I .  Q u a n t i t a t i v e  c h a r a c t e r s  :

T able 1 re p re se n ts  th e  va lu es  o f th e  d iffe ren t a n a to m ic a l q u a n tita tiv e  
ch a rac te rs  o f th re e  G e n t i a n a  species. I t  m ay  be n o ted  in  th e se  basic  d a ta  th a t  
am ong  th e  th ree  species G. c r u c i a t a  has m ax im u m  m ean  v a lu es  fo r th e  ch ar­
a c te r  n u m b er c4, c2, cG, c8 and  c 9. E co log ically  th is  is q u ite  ex p ec ted  because as 
p o in te d  ou t by  us ( S z u j k ó - L a c z a  an d  S e n  1 9 7 7 c) th is  species grow s m ax im ally  
in  fo rest felling (freq u en cy  v alue  0.87) and  d ry  m o u n ta in  grass la n d  (frequency  
v a lu e  0.59). G. a s c l e p i a d e a  show s m ax im u m  m ean  va lu es  fo r c h a ra c te rs  c5 
an d  c 7. This is also due  to  its  ecological c h a rac te ris tic s . I t  grow s m ain ly  in 
a reas  o f over 800 m m  an n u a l ra in fa ll. In  case o f G . p n e u m o n a n t h e  th e  m ax im um  
m ean  values are n o te d  b y  c h a ra c te r  n u m b er c3 and  c4. I t  is possib le  t h a t  the
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Table 1

Values o f  anatomical characters o f  leaves in three Gentiana species

Serial No.
Name of the species c ' c2 ®a t>4 °5 CB c 7

1
C9

G. pneum onanthe 4 . 2 3 5 0 0 0 4 . 2 0 1 6 3 7 25 35 0 . 7 0 5 8 2 8 3 3 8  5 0 2 4 1 5 9 7 2 5 3 1 5 5 0
4 . 0 8 9 7 5 0 4 . 0 5 0 5 0 0 3 0 32 0 . 6 8 1 6 3 1 4 0 0  7 8 5 0 2 1 6 9 1 1 4 9 2 9 8
4 . 3 6 8 0 0 0 4 . 3 3 0 2 4 1 2 8 3 4 0 . 6 2 4 0 3 1 4 0 0  6 3 5 8 1 9 5 2 2 0 6 2 1 1 5

X 4 . 2 3 0 9 1 6 4 . 1 9 4 1 2 6 2 7 . 6 7 3 2 . 3 3 0 . 6 7 1 5 3 0 3 7 9  ' 6 4 1 0 . 6 7 1 9 0 6 1 8 . 1 8 4 7 6 5 4 . 4 0

G. cruciala 1 1 . 6 2 5 0 0 0 1 1 . 4 8 1 7 3 8 18 2 4 0 . 6 4 5 8 1 2 5 6 0 0  1 1 7 6 6 2 4 7 3 2 6 0 1 1 8 3 1 5
1 0 . 7 1 3 6 0 0 1 0 . 5 7 0 3 3 8 16 21 0 . 6 3 0 2 1 3 1 9 5 8  i 1 1 3 0 4 7 6 8 0 6 2 1 0 6 4 8 3
1 2 . 9 0 9 0 0 0 1 2 . 7 5 7 2 6 0 17 25 0 . 7 1 7 2 1 3 8 4 7 4  1 3 2 6 6 9 9 3 8 4 7 7 6 9 0 4

X 1 1 . 7 4 9 2 0 0 1 1 . 6 0 3 1 1 2 1 7 . 0 0 2 3 . 3 3 0 . 6 6 3 8 1 3 2 0 1 0  , 1 4 0 7 7 . 3 3 7 4 5 0 5 7 . 0 0 1 0 0 5 6 7 . 3 3

G. asclepiadea 5 . 2 8 6 5 0 0 5 . 1 9 3 5 5 6 14 13 0 . 5 8 7 4 6 1 5 4 4  1 3 1 4 0 0 3 3 1 2 8 2 1 1 6 9 1 1
5 . 5 5 8 1 0 0 5 . 4 9 5 4 1 5 18 14 0 . 6 9 4 8 9 0 7 4 6  1 2 8 3 3 8 3 3 5 2 2 6 9 3 6 6 6
5 . 6 1 4 5 0 0 5 . 5 1 8 4 1 6 17 12 0 . 9 3 5 8 7 0 6 5 0  2 5 4 3 4 4 1 4 1 0 3 8 8 7 3 6

X 5 . 4 8 6 3 6 6 5 . 4 0 2 4 6 2 1 6 . 3 3 1 3 . 0 0 0 . 7 1 2 5 7 4 3 1 3  1 2 8 3 9 0 . 1 6 3 6 0 2 0 4 . 0 0 9 9 7 7 1 . 2 6

c, =  A natom ical characters of leaves stud ied  in  C.S.
c ( =  A rea of ha lf leaf (in /m i2); c 2 =  Area of m esophyll tissue and secondary vascu lar bundles (/mi2); c3 =  N um ber of s to m ata  in a qu ad ra te  
(lower side of the  leaf); c4 =  T otal num ber of papillose cells in a q u ad ra te ; c.-, =  N um ber of vascu lar bundle per un it area of leaf; c6 =  Area of 
m ain  vascular bundle (urn2); c7 =  A rea of 1st la te ra l vascu lar bundle (/mi2); c8 =  Area of bundle shea th  parenchym a in  m ain  vascu lar bundle 
(/mi2); c9 =  Area of bundle shea th  parenchym a in 1st la te ra l vascu lar bundle (/an 2).
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1‘ ig. 15. Gentiana cruciata, 1st in te rn o d e . Cs o f cork  cells w ith  special th ic k e n in g  o f cell walls
300 X

A cta  Botanica  Academ iae Scientiarurn H un g a rica e  2 5 ,  1979
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F ig . 16. Gentiana crucia ta , 1 s t in te rn o d e  Ts. of e n d o d erm is  a n d  pericycle 750X

Table 2

Total num ber o f  papillose cells in a quadrate /  species

N o. o f o b se rv a tio n s 1 2 3 4 5 A verage

Nam e of th e  species 

G. pneum onanthe 31 32 34 30 35 32.4

G. cruciata 24 21 25 22 21 22.6

G. asclepiadea 13 14 12 14 13 13.2

Table 3

Analysis o f  variance in  total number o f  papillose cells in a quadrate

Sources o f 
v a riab ility

SQ FG M Q F

T reatm en t 921.73 2 460.87 166.4

Residual 33.20 12 2.77 -

Total 954.93 14 — -

A c ta  B otanica  Academ iae S c ie n tia ru m  H ungaricae 25, 1979
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F ig . 17. Gentiana cruciala, 1st in te rn o d e . C ry sta ls  in  p ith  paren ch y m a cells 300 X

Table 4

Average ( in  the d iagonal), their differences 
( in  the right upper h a lf o f  the m a trix ) indicate significances

Species 1 2 3

G. pneum onanthe 32.4 —

G. cruciata * 22.6 —

G. asclepiadea * * * 13.2
S D 5o/o =  2.29

* P  >  5% ; ** P  >  I й/

A c ta  Iio lan ica  Acadcm iae S c ien liarum  l lu n g a r ic a e  2 5 , 1979
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n u m b er o f  s tom ata  per sq u are  is related  to  e c o lo g ic a l and species factors  
a lso . T h is  species is g en era lly  a v a ila b le  in h ig h ly  illu m in a te d  areas and m arsh y  
la n d s.

Fig. 18. G entiana crucia ta , 1st in te rnode. C ry sta ls  in  th e  cork  cells 300 X

W e do n ot k n ow  th e  fu n ction  o f p a p illo se  ce lls . T h e num ber o f  p ap illo se  
ce lls  in  a square m a y  or m a y  n ot be a sso c ia ted  w ith  an y  eco log ica l fa c to r .

T h e d istr ib u tion  o f  p a p illo se  cells per q u a d ra te  (on  th e  le a f  m argin) is 
g iv e n  in  T able 4. T h is ch a ra c ter  appears to  h a v e  con sid erab le an a tom ica l and  
ta x o n o m ic  va lu es b eca u se  th e  analysis o f  th is  ch a ra c ter  show s s ig n ifica n t d if­
feren ces am ong th e  th r ee  sp ec ies . G. pneum onanthe  has m an y m ore p a p illo se  
ce lls  per square and G. asclepiadea  has less.

A c ta  Botanica A ca d em ia e  S c ien tia ru m  H ungaricae 25, 1979
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F ig . 19. Gentiana cruciata, 1st iu te rn o d e . Ts. o f s c a tte re d  xy lem  elem ent in  p i th  300 X

Fig. 20. Gentiana cruciata , 3rd in te rn o d e . Cs. o f stem  120 X

T h e n um ber o f  s to m a ta  has b een  co u n te d  in  tw o  w ays (T ab les 5 an d  8), 
n u m b er o f  sto m a ta  in  0 .68  m m 2 o f  ep id erm al p eels w ith  f iv e  r e p e t it io n s  and  
th e  n um ber o f  sto m a ta  a lon g  th e  cross-sec tion s. S ig n ifica n t d ifferen ces b e tw e en  
th e  th ree  sp ecies are to  be foun d  in th e  n u m b er o f  stom ata  per sq u are  b u t

14 A d a  lio tan ica  A cadem iae Scientiarum  H u n g a rica e  2 5 , 1979
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Fig. 21. G entiana cruciata, 3rd in te rn o d e . Cs. o f stem  120X

Fig. 22. G entiana cruciata , 3rd in te rn o d e . In n e r  ph loem  (cs.) 750 X

A c ta  B otanica Academ iae S c ie n tia ru m  Hungaricae 25, 1979
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Fig. 23. G entiana cruciata , 3rd in te rn o d e . M edu lla ry  phloem  (cs.) 750 X

Table 5

Total number o f stomata in  a quadrate/species

No. of observations 1 2 3 4 5 Average

Nam e of th e  species 

G. pneum onanthe 25 3 0 2 8 2 9 3 4 2 9 . 2

G. cruciata 18 1 6 17 19 14 16 .8

G. asclepiadea 14 1 8 17 14 16 1 5 .8

A cta  H otanica A cadem iae  Scientiarurn14* H ungaricae 2 5 , 1979
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Fig. 24. G entiana cruciata, te rm in a l in te rn o d e . Cs. of stem  120 X

Table 6

A n a ly s is  o f  variance in total n umber o f  stomata in a quadrate

Sources of  
variability

FG MQ F

T rea tm e n t 1 5 5 7 . 2 2 2 7 8 . 6 0 4 7 . 4 6

R esidual 7 0 .4 12 5 . 8 7 -

T otal 6 2 7 . 6 14

w h en  th e  sam ple w as ta k en  in th e cr o ss -sec tio n  have n ot S .D . in  a n a ly s is  
o f  varian ce (T ab les 11, 12 , 13).

W ith  resp ect to  th e  th ick n ess o f  p a lisa d e  p aren ch ym a (T able 13) G. ascle- 
p ia d ea  d iffers from  th e  o th er  tw o species s ig n if ic a n t ly  also in (F ig s 30, 31 , 32 ).

A c ta  Botanica A e a d ttn i bcien tia ru in  Hungaricae 25 , 1979
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Fig. 25. G entiana cruciata , te rm in a l in te rn o d e . X ylem  w ith ray s (cs.) 750 X

Table 7

Average ( in  the diagonal) ,  their differences 
( in  the right upper h a lf  o f  the m atrix) indicate significance

Species 1 2 3

G. pneum onanthe 2 9 . 2 — —

G. cruciata * 1 6 .8 —
G. asclepiadea

s d 5% =  3.33

* * 1 5 . 8

* P  >  5 % ; ** P  >  1%

A cta  B o tan ica  A cadem iae Sc ien tia ru m  IIungaricae 2 5 , 1979
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Fig. 26. G entiana  pneum onanthe , Cs. o f s te m  in  3 rd  in te rn o d e  300 X

Table 8

N u m b er o f  stomata in lower side o f  the h a lf  leaf /species

N o , o f  o b se rv a tio n s 1 2 3 A verage

G. pneum onanthe и 12 12 11.66

G. cruciata 15 14 17 15.33

G. asclepiadea 18 10 11 13.00

Table 9

A n a ly s is  o f  variance in total num ber o f  stomata  
in  lower side o f  the ha lf-lea f

S ources o f  
v a r ia b il i ty

SQ F G M Q F

T rea tm e n t 20.67 2 10.34 1.43

R esidual 43.33 6 7.22 -

T otal 64.00 8 — -

A c ta  B otanica A cadem iae  S c ie n tia ru m  H ungaricae 25, 1979
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Fig. 27. Gentiana pneum onanthe , Cs. o f s te m  in  1st in te rnode  300 X

Table 10

Average ( in  the diagonal) , their differences 
( in  the right upper h a lf  o f  the m a trix ) indicate no significance

Species 1 2 3

G. pneum onanthe 11.66 — —

G. cruciata — 15.33 —
G. asclepiadea — — 13

A cta  B otanica  A cadem iae Scieniiarum  H un g a rica e  2 5 , 1979
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Fig. 28. P ap illo se  cells on the leaf m arg in  o f G. asclepiadea 300 X

F ig . 29. Papillose cells fro m  th e  in n e r  side of epiderm is cells (G. asclepiadea). B asis o f p ap illa
o v a te  or round  in  fo rm  300 X

A c ta  B o tan ica  Academiae S c ie n tia r u m  H ungaricae 25, 1979
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Fig. 30. L eaf cs. in  G entiana asclepiadea , 120 X

Table 11

Thickness o f  palisade parenchyma/species

N o . o f  o b se rv a tio n s 1 2 3 A v erag e

N am e of th e  species

G. pneum onanthe 170 150 140 153.33

G. cruciata 150 140 200 163.33

G. asclepiadea 70 70 70 70.00

Table 12

A n a lysis o f  variance in  thickness o f  palisade parenchyma

S ources o f  
v a ria b ility

so F G MQ F

T rea tm en t 15755.55 2 7877.78 18.65

R esidual 2533.34 6 422.22 —

T otal 18288.89 8 - -

A cta  Botanica  A cadem iae Scien tiarum  H u n g a rica e  2 5 , 1979
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F ig . 31. L e a f  cs. in Gentiana crucia ta , 300 X

Table 13

A verage ( in  the diagonal), their d ifferences 
( in  the right u p p er ha lf o f  the m atrix)  ind ica te  significance *

S pecies 1 2 3

G. pneum onanthe 153.33 — —

G. cruciata - 163.33 -
G. asclepiadea 

SD 5% =  41.09

* * 70

* P  >  5% ; ** P  >  1%

A c ta  B otanica A cadem iae S c ie n tia r u m  H ungaricae 25, 1979
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F ig . 32. L ea f cs. in  Gentiana pneum onan the, 300 X

Table 14

The r values between different character pa irs  
o f  leaves in three Gentiana species

C h a ra c te r  N o. G. pneumonanthe G. cruciata G. asclepiadea

2 an d  3 0.8401 0.8121 -0 .1 2 9 5

4 a n d  5 0.8474 0.9966*** 0.1526

6 an d  7 0.4808 0.4771 0.9423*

1 a n d  8 -0 .1 8 7 1 0.3668 0.8031

8 a n d  9 -0 .7 2 2 8 0.5536 0.1670

8 a n d  10 0.4329 0.7211 0.2401

* P  >  5% : *** P  >  1%

1. A rea of half-leaf
2. A rea of m esophyll cells an d  secondary  vascu lar b u nd les

Acta B o tan ica  A cadem iae  S c ien tiarum  H ungaricae 25 , 1979
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F ig . 33a , h. M ucilage cells w ith  sp o n g y  p a ren ch y m a  in  G. asclepiadea, p a rad e rm a l p re p a ra tio n
300 X

3. N u m b e r  o f vascular bundles
4. A re a  o f m a in  vascular bundle
5. A re a  o f  bundle  sheath  p a ren c h y m a  of m ain  vascu lar bundle
6 . A re a  o f  1st latera l vascu lar b u n d le
7. A re a  o f  bundle  sheath  p a ren c h y m a  of 1st la te ra l v ascu la r bundle
8 . N u m b e r  o f s tom ata  in a q u a d ra te
9. N u m b e r  o f vascular bundle  pe r u n i t  a rea  of leaf

10. N u m b e r  o f papillose cells in  a  q u a d ra te

I n  T ab le  14 th e  c o rre la tio n  coeffic ien t w as d e te rm in ed  betw een  10 selec ted  
c h a ra c te r  pa irs . In  G. cruciata  s ig n ifican t v a lu es  could be found  o n ly  in  c h a r­
a c te r  p a irs  4 and 5 an d  G. asclepiadea  show s s ig n ifican t c o rre la tio n  on ly

A e la  B o ta n ic a  Academ iae S c ien tia ru m  H un g a rica e  25 , 1979
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betw een  c h a ra c te r  n u m b e r  6 and 7 i.e. th e  a re a  o f m ain  v ascu la r b u n d le  or 1st 
la te ra l b u n d le  an d  b u n d le  sheath  p a re n c h y m a  respectively .

T he len g th  o f  th e  s to m ate  show s h ig h e r  d iv e rs ity  values th a n  th e  b re a d th  
(T able  15). T he le n g th  o f th e  s to m a ta  show s m ax im u m  d iversity  in  G. cruciata

F ig . 33b

w hile th e  re m a in in g  species have m ore  o r less sim ilar d iversity . W ith  re sp ec t 
to  th e  b re a d th  o f  s to m a ta  a m in im um  d iv e rs i ty  is no ted  in G. cruciata .

T he n u m b e r o f  s to m a ta  in a sq u a re  does n o t show any  v a r ia t io n  in  its  
d iv e rs ity  va lues am o n g  th e  th ree  species (T ab le  15). This re inforces th e  re su lts  
o f  analysis of v a r ia n c e  (Table 8) w ith  re s p e c t  to  th e  S.D. in th e  n u m b e r  o f 
s to m a ta  p er sq u a re  b e tw een  the  species.

As n o ted  in  T ab le  15, the  p ap illo se  cells p e r square show h ig h  d iv e rs ity  
b u t  h igh e q u ita b ili ty  values in G. crucia ta . T h e  o th e r tw o species a re  m ore or 
less sim ilar to  each  o th e r  w ith  re sp ec t to  th e  d iv e rs ity  and e q u ita b il i ty  o f  th e  
n u m b er o f p ap illo se  cells per square .

.1 eta Hoi u iic a  Acadentiae Scientiarum  Ilu n g a r ica e  25  1979
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Fig. 34. B ico lla tera l m ain  vein  in G. cru c ia ta , (cs.) 300 X

F ig . 35. F irs t o rdered  b ico lla tera l vascu lar b u n d le  in  G. cruciata , (cs.) 120X

A cta  B o ta n ic a  Academ iae Sc ien tia ru m  H ungaricae 25, 1979
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Fig. 36. M ain vascu la r bundle  in G. asclepiadea , 120X

Table 15

D iversity  ( I F )  and evenness (E )  values o f  three le a f  characters in three Gentiana species

Name of the species
G. pn eu m o n a n th e G. cruciata G. a s c l e p i a d e a

H' E H' E H ' E

T he len g th  and  b re ad th  of s to m a ta

L 1 . 0 9 6 4 0 . 7 9 0 9 1 . 3 0 4 0 0 . 9 4 0 6 1 . 0 9 6 3 0 . 7 9 0 8

и 0 . 8 4 5 1 0 . 7 6 9 3 0 . 5 0 7 6 0 . 3 6 6 1 0 . 7 2 3 2 0 . 6 5 8 3

S to m ata  in  a  q u ad ra te 1 . 6 0 3 7 0 . 9 9 6 4 1 . 6 0 4 0 0 . 9 9 6 6 1 . 6 0 3 8 0 . 9 9 6 5

Papillose cells in a q u a d ra te 1 . 2 8 7 4 0 . 7 9 9 9 1 . 6 0 6 8 0 . 9 9 8 4 1 . 3 7 3 9 0 . 8 5 3 7

* 1 — leng th  and В b read th

Acta B o th n ia  A cadem iae  Scien tiarum  H ungaricae 2 5 ,  1979
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Fig. 37. M ain v a sc u la r  bundle  in G. pneum onan lhe , 120X

F ig . 38. E p iderm al m ucilage cells in  G. pneum onanthe. P a rad erm al p re p ara tio n  300 X

A c ta  B o ta n ic a  Academiae Sc ien tia ru m  H ungaricae 25, 1979
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C onclusion

T here  arc five an a to m ica l c h a ra c te rs  o f  th e  stein and  s ix  o f  th e  leaf 
w hich are  com m on to  the  th ree  species o f  H u n g a rian  G entiana.

in  stem  ana tom y  G. cruciata  and  G. pneum onanthe  a p p e a rs  to  he mort 
closer to  each o th e r th a n  c ith e r o f  th em  to  G. asclepiadea.

F ro m  th e  p o in t o f  v iew o f d iagnosis th e re  ap p ear to  be 4 s te m  ch a rac te rs  
(v iz. th e  presence of secretory can a ls  and  endo thelia l cells in p r im a ry  cortex ; 
in th e  xy lem  th e  f ib ro u s  sc le ren ch y m a fo rm in g  a close cy lin d e r w ith o u t ray 
cells: th e  presence o f  in tra  xylarv  ph loem ; and  th e  th ree  le a f  c h a ra c te rs )  i.e. 
b u lg ing  o u t o f  th e  m ain v ascu la r bund le  and  th e  two la te ra l b u n d le s  on the 
low er side; tw o -lay ered  palisade  tissu e  w ith  sm aller cells; w avy  o u tlin e  of 
u p p e r ep iderm is; th e  low er values o f  th e  papillose cells in a sq u a re  on th e  leaf 
m arg in  w hich are  ch a ra c te ris tic  o f  G. asclepiadea.

G. cruciata  can  easily be s e p a ra te d  from  th e  o th e r tw o  species b y  2 stem  
c h a ra c te rs  (i.e. d iscontinuously  th ick en ed  p rim a ry  co rtex  cells o f  f ir s t  inter- 
nodi-; presence o f c ry s ta ls  in th e  co rk  an d  p ith  p a ren ch y m a ; an d  2 le a f  ch a r­
ac te rs  (i.e. v ascu la r bundles n o t b u lg ing  o u t w ith  m esophyll tis su e ) ; upper 
ep iderm is wavv in o u tlin e  only- in m ain  vascu la r bund le  and  big  la te ra l bundle 
reg ions).

T here  are tw o  stem  (i.e. p resence  o f  papillose cells on rib s ; th e  dif­
fe re n t size o f pores in the  xy lem ); a n d  2 le a f  ch a rac te rs  (i.e. o n ly  m a in  vascu lar 
b u n d le  bu lg ing  ou t w ith  m esophy ll p a ren ch y m a  on lower side ; ep id e rm a l cells 
no t w avy bu t s tra ig h t in o u tlin e  w hich can  be used for id e n tif ic a tio n  o f G. 
pneum onanthe.

Q u an tita tiv e lv  th e  species p a ir  G. asclepiadea  and G. crucia ta  in th e  leaf 
is not s im ilar. G. asclepiadea G. pneum onanthe  and  G. cruciata G. pneum o­
nanthe  have one com m on c h a ra c te r  re sp ec tiv e ly . The th re e  species sign ifi­
c a n tly  differ from  each o th e r in th e  n u m b er o f  papillose cells an d  th e  num ber 
o f  s to m a ta  per sq u are , and  G. asclepiadea  from  th e  o th e r tw o  in  th e  th ickness 
o f  pa lisade  p a ren ch y m a. T here  is a sign ifican t co rre la tion  in  G. cruciata  and 
G. pneum onanthe  w ith  respect to  th e  area  o f  th e  m ain  or 1st la te ra l  b u n d le  and 
b u n d le  sh ea th  p a ren ch y m a. T h ese  tw o species usually- grow  in  a w ell-illum i­
n a ted  a rea . T herefo re  we can su p p o se , th e re  may be som e c o n n e c tio n  betw een  
th e  w ell-developed bund le  sh e a th  p a ren ch y m a  and  som e sort o f  en v iro n m en ta l 
fac to r(s).

I t  is ev id en t from  our p re se n t and p rev ious stud ies th a t  b o th  ana tom ica l 
and  m orphological ch a rac te rs  show a sim ilar p a tte rn  o f re la tio n sh ip  am ong  the 
th re e  species o f G entiana. So, th e se  fea tu re s  ta k e n  to g e th e r m a y  b e  v e ry  useful 
for th e  diagnosis o f  th e  th ree  species. I t  m ay  be po in ted  o u t t h a t  b o th  o f  these 
fea tu res  su p p o rt th e  p resen t tax o n o m ic  tr e a tm e n t o f th ese  t a x a .

icta B o tan ica  Academ ine S c ien tia ru m  H ungarian? 25% 1979
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VARGAMYCES, A NEW GENUS OF HYPHOMYCETES 
ON SUBMERGED PLANT DEBRIS
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The paper contains the diagnosis of V argam yces  Tóth nov. gen. H yphom yce tes  
genus and its type species. The single species of the new genus occurs in biotopes of 
aquatic-seiniaquatic character.

VARGAMYCES T ó th  genus novum

M ycelium  brunneolum  vei paene h ya lin u m , ram ifica tu m , sep tu la tum , p ar­
tim  in  substrate im m ersum , p a rtim  superfic ia le , h inc inde conidiophora sim plicia  
vel rarius breviter 1 2-ram osa, brunneola, sep ta ta , sym podia lia  fe ren s. Sym po- 
duloconidia p lu s -m in u s  fu so idea , pro ralione m agna, transversaliter septata, 
brunnea, in  conidiophoris apicaliter et lateraliter sing illa tim  disposita .

Species ty p ic a : V argam yces aquaticus (D u d k a) T ó th  com b, nova (basio- 
n y m o n : C am posporium  aquaticum  D u d k a , U k r. B o t. Z h u rn . 23. n r . 4. 91—■ 
92, 1966).

C har, em end, u t  se q u itu r: M ycelium  brunneolum  vel paene hya linum , 
ram ifica tum , septigerum , conidiophora sym podia lia , erecta, eramosa vel rarius 
breviter 1 2-ram osa, cca. 50 150 pm  longa, apice et lateraliter conidia singula-
ria feren tia . C onidia fu so id ea , 90 150(— 175) X  14 19 p m , apice obtusa vel p lu s
m in u s rotundata, brunnescentia  - brunnea, cellula basali necnon apica li in  statu  
ju v e n ili  pa llida  vel fe re  incolore, sed dem um  cellulis caeteris p lu s  m in u s  colore 
aequali, septis transversis 6 9 ( 1 2 ) ,  ad septa constricta.

H a h .: in  p a r tis  p u tr id is  p la n ta ru m , im prim is ad  fo lia a rb o ru m  frondosa- 
ru m  in aq u a  subm ersis; sap ro p h y to n .

Hoc novum genus noininatum in memóriám J o s e p h i  B e n n o n is  Varga  S. O. Cist., olim 
professons históriáé naturális in gymnasio oppidi Eger (Comit. Heves, Hungária), magistri 
auctoris dilectissimi.

Collectiones Vargam ycetis aq u a tic i in  su b s tra tis  n a tu ra lib u s  cu ltae . 
A bbrev ia tio n es: exs. =  m a te ria  exsiccata , p raep . =  p ra e p a ra tu m  m icrosco- 
p icum  in b erb ario  au c to ris  adest. F ungus sem per in foliis p u tre sc e n tib u s  in 
aq u a  subm ersis, m a tr ix : Fagus silvatica  L ., coll, a u c to r  ipse, n isi a lias in d ica tu r.
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In fonte infra montem Somhegy pr. pag. Bakonybél, montes Bakony-hegység, 26. 6. 
1963. —  In silvis Gyulaji-erdo pr. pag. Gyulaj (Comit. Tolna), 20. 3. 1965. Q uercus sp. — 
In fonte Agoston-forrás ad Síkfokút pr. opp. Eger, montes Bükk-hegység, 7. 7. 1965. — In 
fonte infra montem Som-hegyese pr. pag. Mátrakeresztes, montes Mátra-hegység, 27. 3. 1966. 
leg.: Cs. D o b o l y i  — In rivulo vallis Petnyáki-völgy pr. opp. Pécs, montes Mecsek-hegység, 
1. 7. 1966. — In fonte inter Odorvár et Kisrét pr. pag. Bükkzsérc, montes Bükk-hegység, 5. 7. 
1966. F a g u s  silva tica  L., Q uercus sp. 10298. Ibidem, 25. 4. 1970. (praep.) — 10285. In ramo 
australi rivuli Gerence-patak ad Szömörke-völgy pr. pag. Bakonybél, montes Bakony-hegység, 
29. 11. 1970. (exs.) 10292. In fonte vallis Szömörke-völgy, 29. 11. 1970. (exs.) 10283. 
In rivulo vallis Máré-völgy pr. pag. Magyaregregy, montes Mecsek-hegység, 7. 7. 1971. (exs.) 
— 10281. In rivulo Somberekséd pr. pag. Bakonykoppány, montes Bakony-hegység, 25. 2. 
1972. (exs.) — 10286. In rivulo Yörös-János-séd pr. pag. Bakonybél, 25. 2. 1972. F a g u s s il­
v a tic a  L., A c e r  cam pestre  L. (exs.) — In rivulo vallis Hidas-völgy pr. opp. Komló, montes 
Mecsek-hegység, 1. 7. 1972. leg.: S. T ó t h  et A. V a s s  —  In fonte Tisztavíz-forrás pr. pag. 
B akonybél, 4. 12. 1972. — 10278 et 10290. Ibidem. 14. 12. 1972. F a g u s silva tica  L., C a rp in u s  
b e tu lu s  L .  leg.: S. T ó t h  et J. G ö n c z ö l  (exs.) —  10289. In fonte Papkút pr. pag. Németbánya, 
montes Bakony-hegység, 14. 12. 1972. Q uercus sp. leg.: S. T ó t h  et J. G ö n c z ö l  (exs.) — 10288. 
In rivulo vallis Jegenye-völgy pr. pag. Solymár, haud procul urbis Budapest, 17. 12. 1972. 
P in u s  n ig r a  ARN., in ligno putrido submerso. leg.: I. F e j é r  (exs.) 10282. In fonte Tisztavíz- 
forrás, 1. 3. 1973. F agus s ilva tica  L., C a rp in u s  betu lus L. (exs.) -  10287. In rivulo Velemi-
patak ad pag. Velem (Comit. Vas), 30. 10. 1973. S a l ix  caprea  L. (exs.) — 10296. In rivulo 
Nagyvasfazék-patak infra montem Nagy-IIideghegy pr. pag. Kóspallag, montes Börzsöny­
hegység, 15. 1. 1974. leg.: J. G ö n c z ö l  (exs.) — 10280. In fonte Tisztavíz-forrás, I. 2. 1974. 
(exs.) —  In rivulo Nagyvasfazék-patak, 14. 7. 1974. Q uercus sp. leg.: J. G ö n c z ö l  — In caverna

F ig . 1. Two conidiophores, both with a single young conidium
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arljoris vivae aqua repleta pr. pag. Szentliszló (Comit. Zala), 5. 8. 1974. leg.: J. G önczöl  — 
10276. In fonte Tisztavíz-forrás, 7. 11. 1974. (exs.) 10291. In rivulo Csörgő-patak pr. pag. 
Matrakeresztes, 22. 5. 1975. (exs.) 10284. In fonte Tisztavíz-forrás, 16. 12. 1975. (exs.) 
10297. Ad Csurgó vallis Hidasvölgy, 15. 6. 1976. 10275. In valle Hidasvölgy, 15. 6. 1976.
In nido avis putrido. leg.: A. V ass et S. T ó t h  (exs.) — 10277. In valle Petnyáki-völgy, 16. 6. 
1976. In nido avis putrido. leg.: A. V ass (exs.) - 10279. In rivulo Malompatak pr. pag. Dömös
(Comit. Komárom), 24. 3. 1977. Collectio diagnosi optime conveniens (exs., praep.).

The mycelium is brownish, or almost hyalin, ramifying, septate, partly superficial, 
partly immersed in the substratum. The conidiophores are sympodial, not ramifying, or 
sometimes with 1 2 short branches, brownish, septate. Conidia are brown, fusiform, with
some transversal septa, situated one by one apically and laterally on the conidiophores. Type 
species: V argam yces a q u a ticu s  (Dudka) Tóth comb. nov . (basionym.: C a m p o sp o riu m  a q u a tic u m  
Dudka), char, emend, in the following way:

The mycelium is brownish, or almost hyalin, ramifying, septate. The conidiophores are 
sympodial, erect, not ramifying, or, rarely, with 1 2 short branchlets, some 50- 150 f im  long;
they bear single conidia apically and laterally. The conidia are fusiform, 90— 150(— 175)X  
14— 19 //m, their apex is obtuse, or more or less rotundate, brownish-brown, both the basal 
cell and the end one in the early state of their development are of a more pallid colour than the 
others, or almost hyalin, ultimately however all the cells of the conidium are almost completely 
of the same colour; they have 6— 9(- 12) transversal septa, at the septa are constricted.

Hab.: on putrid plant parts, mainly however on dejected leaves of deciduous trees 
submerged in water; saprophyte.

I named the V argam yces  genus in commemoration of .1. B. V arga S. O. Cist., my master, 
the teacher of natural history in the grammar school of the town Eger (Hungary) at that time.

#

F ig . 2. Conidiophore with one young apical conidium (note the basal collarette)
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I  k n o w  t h e  Camposporium aquaticum D u d k a  s p e c i e s  o n l y  f r o m  d e s c r i p ­

t i o n s .  I  c o u l d  n o t  m a n a g e  t o  e x a m i n e  e i t h e r  t h e  t y p e  o r  a n y  o t h e r  a u t h e n t i c  

m a t e r i a l  o f  i t .  I n  s p i t e  o f  t h i s ,  I  t a k e  i t  a s  c e r t a i n  t h a t  t h e  f u n g u s  d e s c r i b e d  b v  

D u d k a  a n d  t h e  o n e  w h i c h  I  s t u d i e d  o n  r a t h e r  m a n y  o c c a s i o n s  a r e  i d e n t i c a l .  

I  c u l t i v a t e d  t h e  f u n g u s  o n  t h e  n a t u r a l  s u b s t r a t u m  c o l l e c t e d  t o g e t h e r  w i t h  t h e

F ig . 3 . Conidiophore on the start of fortgrowing with one obliquely staying mature conidium

fu n g u s , since m y a t te m p t to  c u ltiv a te  it  on a rtif ic ia l n u tr ie n t m a te r ia l has n o t 
so fa r  com e to  fu lfilm en t. T h e  m ost im p o r ta n t o b se rv a tio n s are described  below .

T h e  conidium  alw ays grow s on th e  a p e x  o f  th e  conid iophore, th e n  th e  
a p e x  o f  th e  la t te r  con tin u es grow ing, w h e reb y  th e  conid ium  gets in to  an  ob liq u e  
p o s itio n . Follow ing th is , n ew er an d  new er co n id ia  can grow ap ica lly  on th e  
co n id io p h o re . In  our c u ltu re s , it  occurred  n o t  o n ly  once th a t  we w ere ab le  to  
o b se rv e  as m an y  as even  12 con id ia  on th e  sam e conidiophore. T h e  g row ing  
o f  c o n id iu m  generally  ta k e s  1 3 days. T he co n id iu m  in th e  course o f  g row ing
is r a th e r  f irm ly  connected  w ith  th e  apex  o f th e  con id iophore. The fu lly  m a tu re , 
o b liq u e ly  s tay in g  con id ium  sep a ra te s  r a th e r  easily  from  th e  con id iophore : even  
a w eak  w a te r  m ovem ent is enough  for th is to  ensue . T herefore, th e re  is h a rd ly  
a n y  p o ss ib ility  th a t  we could  observe a con id io p h o re  bearing  m ore th a n  one 
co n id iu m  in  th e  case o f fre sh ly  g a th ered  m a te r ia l.
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T h is  e x p la in s  t h a t  D u d k a , m is led  b y  t h e  s in g le  c o n id iu m  o f  t h e  con id io -  
p h o r e ,  p la c e d  t h e  f u n g u s  o f te n  o b se rv e d  also  b y  him- 4 n to  t h e  C a m p o s p o r i -  

u m  genus .
T he co n d itions are  s lig h tly  d ifferen t in  th e  cu ltu re s  th a n  in th e  field , 

th ere fo re , th e  con id ia , s ta y in g  on th e  con id iophores for a longer tim e , grow

F ig . 4. Two conidiophores: one of them without conidium, the other fortgrowing with a young
conidium

la rger, and  th e  n u m b e r o f th e ir  se p ta  can  also be m ore th a n  th a t  o f th e  se p ta  
o f fung i grow ing in  th e  fie ld . All th o se  to g e th e r p rov ide  an  e x p la n a tio n  th a t  
th e re  are  d ifferences b e tw een  th e  o rig inal diagnosis and  ou r d escrip tio n .

O ccasionally , b u t  n o t o ften , we could  observe also such  con id iophores in 
ou r cu ltu res  th a t  h a d  1 2  sh o rt side b ranches as well. O n th e  b ran ch es, 
1 — 2( — 3) conid ia  could  be  observed . W e h ad  to  m en tion  th is  in  ou r d esc rip tion .

T he conid ium  m ay  undergo  u n fav o u rab le  effects d u rin g  b o th  its  g row th  
an d  in  its  fu lly  developed  s ta te . A n in te re s tin g  observ a tio n  cou ld  be m ade b y  
us in  one of ou r cu ltu res  th a t  d ried  u p  en tire ly  in  tw o w eeks. A fte r  filling  up  
th e  c u ltu re  w ith  w a te r, a f te r  a n o th e r  perio d  o f 7 8 days con id ia  o f  a pecu lia r
shape could  be observed  in  th e  specim ens. Som e o f th e  con id ia , w ith  a b ru p tly  
ro u n d in g  off a t ab o u t th e  m idd le , co n tin u ed  grow ing up  to  ap ex , a t  som e h a lf  
w id th . W e a t tr ib u te d  th e  p h enom enon  to  th a t  d u rin g  d ry ing  up  th e  con id ium
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F ig . 5. Conidiophore with 3 conidia and 3 further conidia

F ig . 6. Conidiophore with 9 conidia
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F ig . 7. Conidiophore with 12 conidia

F ig . 8. Conidiophore and conidia
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d id  n o t  lose its ab ility  to  g ro w  and  when th e  c irc u m sta n c es  resum ed  b ecom ing  
fa v o u ra b le  it con tinued  g ro w in g .

T h e  conidium  o f V argam yces aquaticus is r a th e r  large, therefo re  i t  can  be 
re la t iv e ly  easily in ju re d . O n th e  free end o f a h a lf-b ro k e n  conid ium , still on 
th e  con id iophore , a re g u la r -sh a p e d  conidium  g rew  o u t th e  m iddle o f  th e  la s t 
s e p tu m . This could be o b se rv e d  only on one occasion . I t  was also on ly  on 
one  occasion  th a t  we w ere  ab le  to  observe t h a t  th e  conid iophore can also 
re g e n e ra te . This was te s t i f ie d  by  the c o lla re tte  w h ich  was observab le  a t 
th e  b a s e  of a con id iophore b e a r in g  conidia.

A ll these o b se rv a tio n s , th e n  th e  b ro w n ish -b ro w n  colour of th e  m ycelium  
a n d  th e  conidiophore as w ell as the  conidia, to g e th e r  w ith  th e ir  c h a ra c te r  of 
b e in g  s e p ta te  allowed us to  d ra w  the  conclusion t h a t  th e  fungus is n o t p rim a rily  
an  a q u a t ic  organism . I t  d id  n o t  appear to  be im p o ssib le  th a t  besides its  liv ing 
in  a q u a t ic ,  subm erse c o n d itio n s  th e  fungus can  liv e  in  re la tiv e ly  d ry  cond itions 
as w e ll. W e m ade a t te m p ts  to  prove this p re su m p tio n  b y  in cu b a tin g  decay ing  
le a v e s  w hich  had  been  g a th e re d  in dry p laces. Y e a rs  a fte r  th e  unsuccessfu l 
a t t e m p ts ,  we succeeded in  f in d in g  the  conidia w e h a d  searched  for, in  tw o 
v a lle y s , ly ing  several k m  a p a r t  from  each o th e r , in  th e  m o u n ta in  M ecsek on 
th e  in c u b a te d  leaf-pieces o f  b ird -n e s ts  th a t h ad  b e e n  ly ing  and  decay ing  each 
on  th e  g round. B oth  n e s ts  o rig in a te d  from d a m p  p laces , h u t  th e  m a te r ia l d id  
n o t le t  o u t w ater w hen  p re s se d , and it was o b ta in e d  from  places h ig h er an d  
f a r th e r  from  the riv u le t r a th e r  th a n  the co n id ia  cou ld  reach  th em  from  th e  
r iv u le t  (N os 10275, 10277). T w o  years la te r, w e a g a in  m anaged  to  f in d  conid ia  
(w e d id  n o t enum erate  th e m  above), on beach  leav es  ga thered  in one o f th e  
d a m p  va lley s  of th e  m o u n ta in  M átra . The leav es w ere  collected also here  in 
su ch  p laces  th a t  m ade i t  v e r y  im probab le  th a t  th e  co n id ia  could in  th e  o bserved  
q u a n t i t y  reach  the leaves f ro m  th e  rivu let. T he soil w as ra th e r  dam p also here. 
F in a l ly ,  in  1974, J .  G ö n c z ö l  collected the  b e a c h  leaves on w hich лее could  
e n jo y  seeing  the  nicely d e v e lo p e d  conidiophores o f  th e  fungus a fte r in c u b a tio n , 
in  th e  c a v ity  of a beech  tr e e .  T h e  caverna a rb o ris  teas  filled  w ith  w a te r. In  its  
v ic in i ty ,  over a d is tan ce  o f  sev e ra l hundred  m e tre s , th e re  occurred  no  riv e r, 
n o r  s ta g n a n t  \eater (see a b o tre , a t  th e  en u m era tio n  o f  th e  collections).

O n  th e  basis o f w h a t  h a v e  been said ab o v e , w e consider i t  as te s tif ie d  
t h a t  Vargamyces aquaticus c a n  f in d  th e  conditions o f  its  life n o t only in r iv u le ts , 
in  a su b m erse  s ta te , b u t  a lso  in  som ew hat d r ie r  co n d itio n s , and even in b io ­
to p e s  o f  dam p ch arac ter.
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The authors examined and histologically have characterized the tuber, stalk, 
leaf and flower as well as the green and the ripe fruit of C orydalis cava. It has been 
stated that secretion vessels occur which are either uni-cellular or consist of groups of 
3—4 cells. In the tuber, many parenchymatic elements, containing starch, can he 
found. The medullary rays are also large. The collateral bundles are characteristic of 
the stalk. As regards the leaf, the grouped hydatodes are to he emphasized. The papil­
lary development of the endocarpiuin is characteristic.

The histochemical examinations point out the localisation of the alkaloids in 
the cell-wall, intercellulars and in the secretory vessels.

In troduction

C. cava  (L.) Schweig, et Körte, is a very widespread plant in our rocky and beech woods, 
riverside forests, and mixed oakwood associations (Soó and K á r p á t i  1968). The plant aroused 
our attention if only because in the last decade Japanese researchers began to deal with this 
plant and with other related C orydalis  soecies in detail ( I u n z o  I k a s a  1966; N a r u k o  and 
K a n e k o  1972; K a m e t a n i  et al. 1971; N o n a k a  et al. 1973a, h). According to M a n s k e  (1969), 
there are more than 20 kinds of alkaloids with iso-kinolin frame, which belong in  the types 
Protopin, Protoberberin and Aporfin. A total of 120 alkaloids have been described from the 
gene together with its isomers (survay by V e r z á r - P e t h i  and M i n h  H o a n g  1978a). According 
to our own examinations, the main alkaloid of C. ca va  is the bulbocapnin of Aporfin type, 
and also the quantity of corydalin, which is of protoberberin type, is considerable ( V e r z á R- 

P e t r i  and M i n h  H o a n g  1978b). The total alkaloid content of the plant, depending on 
growth phase, varies it is the highest, amounting up to 2—5%, in the tuber ( M i n h  H o a n g  

and V e r z á r - P e t r i  1978).
There is only a few information on the anatom y of the plant ( M e t c a l f e  1950), and 

the knowledge of the location of the alkaloids within the tissue is definitely inadequate.
On the F u m a ria c ea e  family we can read in K á r p á t i  (1969) that its species do not 

contain latex. M e t c a l f e  (1950), however, calls attention to the milk tubes to be found in the 
family, and which can be uni-cellular or multi-cellular, with unknown contents. M e t c a l f e  

adds to this observation his supposition that, as the F u m a ria cea e  family is related to P a p a -  
veraceae, the secretion vessels to be found in them are similar to the laticiferous vessels.

T i i u r e s o n - K l e i n  (1970) and M o t h e s  (1966), among others, reported on the milk 
tubes or laticiferous vessels of Papaveraceae. It was especially the work of M o t h e s  from which 
it has become unambiguously clear that there are alkaloids in the laticiferous vessels. V e r z á r - 

P e t r i  (1973, 1975) found uni-cellular and multi-cellular jointed in V inca  m in o r , which belongs
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in. the A p o cy n a ce a e  family, and she pointed out by means of histochemical and isotopical 
exam inations that there were alkaloids present in the milk vessels.

Therefore, it seemed interesting to examine the anatomical relations, and within it the 
secretion vessels, of C o ryd a lis  cava  belonging to F u m a r ia c e a e , and also to establish the loca­
tion of alkaloids forming in the milk vessels.

M aterial and m ethods

The plant material which was to be examined had been gathered from a mixed beech- 
wood of Ságvári-liget, in April of 1976 and of 1977.

The organisms which were to be studied anatomically were fixed in alcohol of 
40%. Then hand-made sections were prepared, and leaf-bleaching was carried out 
( S á r k á n y  and S z a l a i  1964).

The preparations were examined unstained, or stained with 0.5% toluene blue solu­
tion, placed in diluted glycerin, and framed, under a ZElss/Jena Lumipan light microscope. 
The photographs were taken with Practica camera, on docu film and Orwo-Chrom diafilm  
(18 Din).

T h e  histochem ical a lk a lo id  ex am in atio n s w ere c a rr ie d  o u t according to  th e  m e th o d  of 
G .  V e r z á r - P e t r i  (1973). F o r d e te c tin g  the  alkalo id  in  p la n t  tissues, the  following p ro ced u re  
w as u se d : T he h an d -m ad e  sec tio n s were p repared  fro m  th e  sam ples alw ays in  fresh  s ta te , 
a n d  p a r t  o f th em  was p u t  in to  tw o  kinds of a lka lo id  re ag e n ts . P arallelly  w ith  th is , con tro l 
se c tio n s  w ere alw ays p re p a re d , w h ich  were collected  in  w a te r , th en  were ex am in ed  —  for 
c o m p a riso n  —  covered in  g ly ce rin e  an d  fram ed in  th e  u su a l w ay. The sections to  be  s tu d ied  
th e  h is to ch em ica l were c u t a n d  p u t  in to  a lk a lo id -reag en t, a n d  left for 4 hours. A fte r  ta k in g  
th e  se c tio n s  ou t, th ey  w ere w ash ed  th o ro u g h ly  again , co v ered  in  d ilu ted  glycerine a n d  fram ed . 
F o r  in v e s tig a tio n s  we used  a  DRAGENDORFF-type re a g e n t  a n d  a brom ic one (4 -B r-benzo l- 
d iaz o n iu m flu o rb o ra te ), w hich  h a d  ea rlie r  been used  in  o u r  th in -lay er-ch ro m a to g rap h ic  e x a m in a ­
tio n s  ( V e r z á r - P e t r i  an d  M i n h  H o a n g  1978). D iffe re n tia tio n  (abs. alcoholic re m o v a l of 
a lk a lo id  w ith  5%  ta r ta r ic  acid) reco m m en d ed  by J a m e s  (1950) was also carried  o u t, in  p a ra lle l 
se c tio n s . W e considered on ly  th o se  reac tio n s as a cc ep ta b le  w hich  took  place also a f te r  d if­
fe re n tia t io n .

Results

1. H istological characterization

a )  T u b e r

On the basis of H egi (1963), the tuber of C o ryd a lis  so lid a  is of hypocotyl origin. Accord­
ing to K i r c h n e r  (1908), the tuber of C orydalis cava  is also of hypocotyl origin. Since we 
did not carry out histogenetical examinations, we accepted this data. However, we wish to 
remark that the tissue structure of the full-grown tuber, and also that of the very young tuber, 
do not definitely confirm this statem ent. The diarch structure mentioned by e.g. by M e t c a l f e  

(1950), and given as characteristic of F u m a ria cea e , is well-distinguishable in the young tuber.

T h e  tissue  s tru c tu re  o f  th e  fu lly -deve loped  tu b e r  w hich has becom e 
c a v e rn u lo u s  is as follows:

On the residue of the rhizoderin, occasionally conical hairs can be found, which become 
suberized, while cracks and lenticels develop among them. The tuber is covered with the 
irregular phellom of two-rowed cells, which rather resembles the exoderm. Below the phellom  
we can find  the 1-row-thick phellogen, which is of dipleuric function. The phelloderm con-
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gists o f p a ren c h y m a tic , isod iarne tric  and  m u ltian g u la r  cells. T he co rtex  is a p a re n c h y m a  layer 
sim ilar to th e  la tte r ,  an d  it  ex ten d s  up  to  th e  en d o d erm is  o f  CASPARian p o in t (F ig . 1).

In the cortex, cell-groups can he observed, containing a kind of secretion of brown 
colour which are idioblasts (Fig. 2). In their longitudinal section they are elongated and consist 
occasionally of 2—3 cell-members. A parenchymatic pericambium of 2 3 cell-rows can he
found under the endodermis. The vascular tissue comprises 2/3 of the tuber. Its characteristic 
is the dominant hast parenchyma and wood-parenchyma, containing ordinary starch grains, 
and being of a storing type. The starch grains are globular, concentrical and in general of 
30 -40 fitn size. They fill the storing parenchyma cells up to overflowing. In addition, the hast 
parenchyma contains thin-walled tracheae and also secondary cells. No fibres can be found. 
The medullary rays are infundibuliform and contain starch. The cambium is wide, 8 10 cell-
rowed and sharply differentiates from the other tissue zones. The contiguous, secondary xylem  
body is divided by the medullary rays, which m ostly do not contain starch and are of 2—5 
cell rows. Frequently, in the medullary rays rexigen passages occur, which make the woodbody 
loose, and rugged (Fig. 3). The number of traches is small, they constitute 5— 8-mernbered 
and thin-walled groups, and after a certain time they become filled up clogged up with a kind 
of brown-coloured secretion. Occasionally, well-distinguishable, empty parenchymatic elements 
occur. Their function is unknown.

In the middle part, an enormous and ever-increasing rexigen passage develops, which 
tears the neighbouring tissues, and together with them also the primary sheaths as well.

In the old tuber the cortex can no longer lie found. The periderm develops in the peri­
cambium. Underneath, increasingly a widening dilatational zone can be observed, which 
consists of isodiarnetric, relatively thin-walled parenchymatic elements. In the dilatational 
zone, cell-groups containing secretion can be found. The vascular tissue system has only the 
secondary and contiguous part, which considering its structure — is in agreement with 
those described above. The rexigen passage reaches the secondary woodbody.

b)  Stem

The stem is of soft substance. By the time of flowering it is fully developed and secondary 
sheaths of smaller size also develop among the main sheaths. The stem is covered with epidermis 
of one-celled rows, the cells of which contain also some chloroplasts. In the epidermis, stomata 
can also be found, which will be dealt with in detail when discussing the leaf. Occasionally, 
cone-shaped, uni-cellular integumentum occurs. Under the epidermis, ehlorenchymatous hypo- 
dermis develops which has 2-possibly 3-celled rows. No cortex boundary grows, but the col­
lateral open vascular sheaths are embedded in the parenchymatic basic tissue without any 
transition. The primary vascular sheaths of large size are well-distinguishable; so are the small, 
secondary vascular sheaths, which are often double (twins). The latter come into existence 
differently from the usual way, not as a result of the functioning of the contiguous, inter­
fascicular cambium, but as a consequence of the operation of locally developing meristem- 
atic groups.

The vascular sheaths are embraced occasionally and in places with meristeinatic- 
parenchymatic bundle sheaths. Unlike the P apaveraceae  ( M e t c a l f e  1950), so sclerenchymatous 
bundle sheaths develop here. In the phloem part, along with the tracheae, secondary cells, 
and bast-parenchyma, brown-coloured secretion vessels can be found. No fibres occur. In the 
wood-part, in a considerable part of large spiral cell-wall-thickened trachea a brown-substance 
be detected. The wood-part is characterized by the small number of tracheids and wood 
fibres. The proto- and inetaxylems are well-distinguishable (Fig. 4).

The intercellulars of the parenchyma in the ground tissue are filled with mucus secre­
tion. It is also characteristic that sporadically in several parenchymatous cells a brown-
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F ig .  2 . Secretion vessels from the dilatational zone of the tuber (1), containing starch (2)
parenchyma
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Fig . 3. C ross-section of the vascu la r tissue  system  of the  old tu b e r  — 1 =  p a r t  o f  th e  o u te r  
sh e a th ; 2 =  cam bium ; 3 =  trac h ea  group ; 4 = p ro tru d in g  m ed u llary  ra y

Fig. 4. C ross-section of the  s ta lk  —  1 =  un i-ce llu lar trich o m e; 2 =  ch lo ren ch y m a to u s  hy p o - 
derm is; 3 =  secre tion  vessel; 4 =  co lla te ra l open  v ascu la r sh e a th ; 5 =  rex ig en  passages
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coloured mucus can be found. The presence of starch grains is frequent, but in a quantity 
smaller than that found in the tuber.

The rexigen passage develops in the stem at an early stage; it is star-shaped and has 
5— 7 branches.

c) L e a f

It is of a unifacial homogeneous tissular structure. The cells of the epidermis on the 
abaxial surface, and of the adaxial one, are tangentially elongated, of a rectangular form, 
with slightly wavy edges. The stomata are to he found in both epidermises, hut while on the 
adaxial surface there are hardly any, abaxial surface is densely filled with them; they consist 
of closing cells having a blunt triangular form or that of a slightly curved crescent, with 
narrow air passages among them . The cells closing the stom ata are embraced by 1— 3 secondary 
cells of different sizes; one among them is conspicuously small. The stomata are slightly sunk 
in the epidermis; they have rotund inner halos which often transform into rexigen passages, 
spreading in a tangential direction. In the epidermis hair formulas and glandular hairs occur 
sporadically. In the abaxial epidermis, grouped hydathodes can be observed, which consist 
m ostly of 4 members (Fig. 5). Hydathodes can be found also in the P apaveraceae  family 
( M e t c a l f e  1950).

In the cross-section of the leaf, one midrib and, in  two directions, 5— 7 lateral ribs can 
be observed. The structure of the sheaths is in agreement with that described in respect of 
the stem. The sheath are embraced also here with a tiny parenchymatic layer of ±  thicker 
wall. No definite sheath bundle occurs. On both surfaces of the midrib, but mainly on 
its abaxial surface, an angular collenchymatous hypodermis of a few rows develops 
(Fig. 6).

The mesophyll consists of isodiametric parenchyma the cells of which are of different 
sizes, with small intercellulars. Under both epidermises, a chlorenchymatous hypodermis of 
1— 3 cell-rows develops which is not a typical palisade-parenchyma, since its cells are not 
elongated. It is usually m ulti-layered under the adaxial epidermis. The leaf-edge is bluntly 
tapering, with one smaller vascular sheath near its apex. The secretory vessels, containing 
brown cells, can be observed here also sporadically in the ground tissue, and also in the vascular 
sheaths (see also the description of the stem). Further, it should be remarked that the 
cells of the adaxial epidermis are larger in cross-section than those of the abaxial 
epidermis, sporadically w ith dome-shaped air-retaining cells. The cuticle is thin in both 
epidermises.

d ) L e a f  s ta lk  (Fig. 7)

The bulging lower part is covered with an epidermis having a stomata (see leaf blade); 
the chlorenchymatous hypodermis of 1—2 cell-rows can be observed also here, in the direction 
of both the adaxial and abaxial surfaces. A considerable part of the ground tissue consists of 
thin-walled, isodiametric parenchyma cells, with large rexigen passages, which mostly develop 
under and between the vascular bundles. The vascular bundles are collateral, and have a 
cambium. Their structure is in agreement with that found in the leaf-blade. The large primary 
and the small secondary bundles are characteristic. In the direction of the main sheaths, 
under the epidermis, groups o f sclerenchyma cells develop. No trichoms can be found.
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F ig . 5. Section of abaxial epidermis from the foliage leaf 1 - grouped hydatode; 2 =  clos­
ing cell of stoma; 3 = secondary cell

F ig . 6. Leaf cross-section 1 secretion vessel; 2 =  rexigen passage; 3 =  vascular sheath
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F ig .  7. Cross-section of petiole — 1 =  secretion vessel; 2 =  vascular sheath; 3 =  rexigen
passage

e)  F low er

C orolla: In the bleached preparation the meandering-called epidermis of the corolla can 
be seen well, as well as the one-celled papilla which developed in the upper part of the corolla- 
tube. In the bottom of the corolla tube a thick-walled tissue layer of tightly adjusting cells 
develops (Fig. 8), the wall-thickening is pedunculate.

P o lle n :  it is oviform, with 3 openings for outlets, its oxine is of peduncular wall­
thickening.

P is ti l  a n d  ovules

The pistil consists of two main branches and several lobes; it is covered with thin- 
walled papillae (Fig. 9a).

In the bleached preparations, the anatropous ovule can be seen with two-fold integu- 
mentum and considerable nucellus (Fig. 9b).

Green f r u i t

The structure of the fruit wall is similar to that of the leaf; only the mesophyll is 
much narrower, and — alternately with the vascular sheaths rexigenic air passages are 
located in it.

Fully-developed fruit: its outer layer consists of straight-walled, rectangular epidermal 
cells, with some stomata among them. Under this is a chlorenchyinatous hypodermis layer of
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F ig. 8. Section of bleached petal

1 2 cell-rows which becomes a 3 4 cell-rowed mcsocarpiom, into which the tiny, collateral?
initially opened vascular bundles are embedded, having an anatomical structure similar to 
that found in the stalk. In the zone of the sheaths, smaller or greater rexigenic passages develop 
in the ground tissue. The endocarpium is conical, consists of papillary cells, the wall of which 
is pitted. This tissue area is very characteristic of the fruit wall (Fig. 10).

Phe placenta develops in the direction of the midrib. It consists of a relatively small 
tissue trim, with parenchymatic structure. The sheaths of the funicle adjusting the ovules 
anastomose into this at the level of the various ovules the vascular sheaths show a remarkable 
development and contain tracheae in abundance. The fusion of the main bundle and 2 secondary 
bundles is also frequent (Fig. 11).

f )  The histo log ical s tru c tu re  of th e  seed

The outer cell row of the testa consists of brown-coloured, smooth-surfaced cells having 
outwardly thickening-walls. It is elongated in the longitudinal axis, and contains phlobaphene 
substances. In the cell wall pits develop in all directions. After this epidermal layer follows 
the nutritional supply layer of the testa, which consists of a thicker-walled parenchyma of 
8 10 cell rows. The testa are closed by a tangentially squashed pressed pigment layer. The
caruncle consists of a thin-walled parenchyma tissue. It is of perispermium and endospermium  
parenchymatic character. The former develops only 1 2 cell-rowed tiny cells, while the cells
of the endospermium are rectangular, contain starch in abundance aleurone grains and fatty
oil. The embryo is curved and located centrally; it is built up of meristematic elements.
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F ig . 9ч. Section of bleached pistil 1 =  integumentum; 2 ovule

F ig. 9b. Bleached pistil —  1 vascular sheath

2. The localization o f  the alkaloids

T h e  alkalo ids accu m u la te  in  th e  cell-w alls, in te rce llu la rs  an d  in  th e  
b ro w n -co lo u red  vessel (F igs 13, 14, 15 an d  16). T he a lkalo id  loca liza tion  ta k in g  
jd ace  in  th e  cell wall is re la tiv e ly  ra re , b u t  a kn o w n  phenom enon ; fo r ex am p le
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th e  b e rb erin e  is located  in th e  cell-w all o f the  b a rb e rry , Berberis vulgaris 
(T u n m a n n  and  R o s e n t h a l e r  1933).

W e consider i t  n o tew o rth y  th a t  s im ila r observations could  be  m ade also 
in th e  case o f Corydalis cava p a r t ly  c o n ta in in g  alkalo ids o f p ro to b e rb e rin  ty p e . 
I t  is possible th a t  th e  various a lka lo id  ty p e s  are localized in  v a ry in g  areas in 
th e  cells or tissues. H ere we re fer to  th e  d o c to ra l thesis o f G. V e r z a r - P e t r i

F ig . 10. Matured carpium wall — 1 =  vascular sheath; 2 =  papillary endocarpiurn; 3 =
secretion vessel

(1973), w hich  has been  w ritte n  on th is  to p ic . The a u th o r  has fo u n d  several 
k in d s  o f a lkalo id  localiza tion ; for ex am p le , th e  alkalo ids w ith  in d o le  sk e le t o f 
V inca m inor  could  be d e tec ted  m a in ly  in  m ilk  tu b es , an d  th e  a lk a lo id s  of 
to b acco  w ere localized in  id io b lasts  c o n ta in in g  secretion  o f a b ro u n  colour. 
T h e  tro p a n e -fram e d  alkalo ids c ry sta llized  in  th e  vacuoles o f c e r ta in  p a ren ch y m - 
a tic  cells. S im ilarly , vacuole loca liza tio n  cou ld  be found  also in  V aleriana  o ff i­
c ina lis . In  th e  p la n t  species en u m e ra te d  ab o v e , th e  a lkalo ids cou ld  a lw ays be 
d e te c te d , in  ad d itio n  to  th e  m ain  lo ca liza tio n  areas, in  th e  in te rc e llu la re  
to o , w hich  is an  in d ica tio n  o f th e se  co m p o u n d s being tr a n s p o r te d  w ith in  th e  
tissu es .

In  th e  p re sen t case, in Corysalis cava , th e  cell-walls can  be co n sid e red  as 
end  a p p a ra tu se s  o f localization . T h e  in te rc e llu la r  alkalo id  re a c tio n  is m ain ly  
an  in d ica tio n  o f  th e  alkalo ids being  t ra n s p o r te d . A fu r th e r  c h a ra c te r is tic  is th e  
d ev e lo p m en t o f secre tion  vessels in  th e  p a ren ch y m a  o f th e  g ro u n d  tissu e , 
w hich  also accu m u la te  th e  a lkalo ids. I t  cou ld  be s ta te d  th a t  th e  cell-w all o f 
th e  tra c h e a e  o f th e  v ascu la r tissu es , as w ell as th e  secondary  cells o ccu rin g  in 
th e  b a s t  p a r t ,  an d  th e  b a s t p a ren ch y m a  h av e  a p a r t  in  th e  a c c u m u la tio n  o f  th e  
a lka lo ids (F igs 17 and  18). W ith  re sp ec t to  th is  v e ry  ac tiv e  tissu e  a re a , th is  
w ay  even  be th e  site  o f a lkalo id  fo rm a tio n , since th e re  is liv ing  p la sm a  in  its  
e lem en ts , an d  severa l organic m a te ria ls  are  tra n sp o rte d . T he p a re n c h y m a  o f
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-Fig. 11. Section of placenta with vascular sheaths

F ig . 12. Cross-section of the seed — 1 — testa epidermis; 2 =  supply layer

th e  g ro u n d  tissue also  has a considerab le ro le in  th e  accu m u la tio n  of a lka lo id s , 
b y  m ean s of its  cell-w all, in te rce llu la rs , an d  its  specia l secre tion  vessels. T h is 
o b se rv a tio n  is in  c o rre la tio n  w ith  our own re su lts  o b ta in e d  in  th e  course o f th e  
q u a n t i ta t iv e  e x a m in a tio n s  o f  a lkalo ids, since th e  la rg es t q u a n tity  o f tissu e  
m ass  (p aren ch y m a a n d  v a sc u la r  tissue) develops in  th e  tu b e r  (М и н  H o a n g  

a n d  V e RZÁr - P e t r i  1979).
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F ig . 13. Stalk cross-section with  a lka lo id  reac tion  1 posi t ive  reaction in the  cell-wall after  u s ing  D ra g e n d o r ff ’s a lk a lo id  reagent

F ig . 14. Alkaloid-positive reactions with bromic reagent in the cortex of the tuber 1 intercellular? 2 cell-wall

F ig . 13. Alkaloid localization in the stalk, pointed out by using Dragendorff’s reagent 1 secretion vessel cell group in the outer sheath: 2 secretion
vessel in the phloem part of the vascular sheath

F ig. 16. Alkaloid reaction in the parenchyma of tin* petiole (bromic reaction)

F ig . 17. Localization of alkaloids in the vascular tissue of the stalk ( D r a g e n d o r f f  reaction) 1 secretion vessel in tin* hast phloem: 2 alkaloid-positive
cell-wall in the trachea; 3 secretion vessel in the woodpart

F ig . lit. Alkaloid reaction produced by using D r a g e n d o r f f  reagent in the vascular tissue of the tubes I the cell-wall of the trachea is alkaloid-positive;
2 reac tion  of s ta rch  with the  iodine con ten t  of the  D ra g e n d o r ff  re ag e n t





HECENSIONES

К. K a s b a c h , H. R a s b a c h ,  О. W i l m a n s : Die Farnpflanzen Zentraleuropas. G. F i s c h e r , 
Stuttgart, 1976. 304 pp, 154 illustrations, 79. — DM.

This hook of large formate and luxurious lay-out, which is published in its second 
edition, is partly a photo-album and partly a scientific work which at the same time popularizes 
knowledge. The 95 Central-European Pteridophyta species are described in excellent habitat 
pictures, in natural environment, in 106 quarto plates. The general part deals not only with 
the development and system of the Pteridophyta individuals but also with the history of their 
development with the species evolution, geobotanical relevances, well illustrated in a very 
up-to-date way in the case of several fossil species. In the description the species are presented 
by large biotopes (without the infraspecific taxa; only a few deviating cytotypes are mentioned), 
without descriptions, but with interesting morphological, ecological and sociological remarks. 
A few hybrids and newly-described still doubted taxa (for example, A s p lé n iu m  eberlei) are 
also given a place in the volume. This beautiful hook is appreciated rather as a photo-album.

R. Soó

J. L a n d w e h r : Wilde Orchideen van Europa. I II. ’s-Graveland, 1977. 575 pp., 258 quarto 
Colour plates. 127. 50 Hfl.

Recently ever more beautiful works have been published on European orchids, partly 
with colour photos, partly with reproductions of original aquarelles, hut L a n d w e h r ’s book 
exceeds all of them in respect of layout, fineness, and decorative effect. It presents the perfect 
habitat pictures, inflorescence and certain flowers of the species of Europe, the Mediterranean, 
and Asia Minor and, within them, those of a great number of infraspecific units. Only a few 
rare taxa, have been left out mainly Eastern ones, which were not available for the author 
either in the original habitat or in coloured slides. However very many forms are presented for 
example in D acly lorh iza  m a cu la ta , 22. Most of the pictures are true to life, although the colours 
are sometimes too vivid. Unfortunately, the colour picture of D a c ty lo rh iza  f u c h s i i  subsp. 
so o ia n a  (42 t. 3. f.) from Czechoslovakia is false; this taxon is a Hungarian endemic subspecies 
in an entirely different colour. The authors follows in a considerable part the works on orchids 
of this hook reviewer, thus, more than 65 taxa validly bear the referee’s authority even that 
of Olga B o r s o s . In the case of many forms which have not been seen in life, the drawings were 
made of specimens from the herbarium, for example, those of the Botany Department of 
Budapest. The transcription of h u n y a d e n s is  into h u n e a d en s is  is not correct. The author stained 
several specimens from Transylvania; incidentelly be visited almost all the European socialist 
countries, and also North Africa and Asia Minor. In comparison with other — partly descriptive, 
partly scientific — new illustrated works on orchids, it can he stated that N e l s o n ’s  monographs 
(O p h ry s , S e ra p ia s  D a c ty lo rh iza  and smaller genera 1962, 1968, 1976), with their tremendous 
amount of drawings on the details, provide more ample information but the evaluation given 
in them is often very specific, and even mistaken,'as has been pointed out elsewhere; the hooks 
of the couple}D a n e s c h  (Orchideen Europas I— III, 1962, 1969, 1972), with their marvellous 
large colour photographs are unparalleled, but with the binary description of the tremendous 
amount of hybrid forms the authors are exaggerating, mainly in the O p h rys . The tex t— which,
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unfortunately, is in Dutch presents the descriptions, conditions of occurrence, and distribution 
of the species and forms, som etim es with critical remarks and small but appropriate area maps. 
Of the 16 newly described forms there are only a few which are important. The work of 
wonderful layout and very great value ends with the taxonomic keys of the D a cty lo rh iza , 
O r c h is , O phrys  and E p ip a c t is  species.

R. Soó

F r o e h n e ,  D. and J e n s e n , G .  System atik des Pflanzenreichs unter besonderer Berücksichtigung 
chemischer Merkmale und pflanzlicher Drogen. G. F is c h e r , Stuttgart. Ed. 2. 1977. 308 pp , 
123 figures, 30 structural plans, 242 chemical formulae, 38. —- DM.

This very adept textbook written with an emphasis on the chemotaxonomical charac­
teristics (cf. the increase in  the number of structural formulae) is a newer, revised edition of 
System atik des Pflanzenreichs (reviewed in Acta Bot. Hung. 2 0 , 298—-399, 1974), without 
altering the structure of the original system. Compared with the first edition there are short 
introductory chapters on system atization, nomenclature, chemotaxonomy and the basic no­
tions of morphology, as well as the chemical dictionary and the survey of poisonous plants. 
My critical remarks written a few  years ago are still valid even today; I invariably hold it 
inappropriate to start the A m e n ti f lo r a e  subclass with H a m a m e lid a le s ; I suggested earlier 
(1973— 1975, cf. Taxon 1975) that it should be named E u c o m m iid a e , but since the situation of 
the latter ordo has recently become debated (cf. W a g e n i t z  1976), now I think F ag idae  would 
probably be suitable. H a m a m e lid a le s  are both morphologically (hermaphroditic flowers, 
apocarp ovary) and chem ically (polyphenols, as leucoanthocyanins, leucodelphinidin, flavo- 
nols, as miricetin, ellagic acid, hainamelose) closely related to the R o sid a e  subclass (with me, 
too). In  spite of certain questionable points in the author’s conception, the book is elaborated 
in a clever way and excellently illustrated, it can be warmly recommended as a textbook of 
researchers and students of today.

R. Soó

H . M e u s e l —E. J ä g e r — S. R a u s c h e r t — E. W e i n e r t : Vergleichende Chorologie der zentral­
europäischen Flora. G .  F i s c h e r , Jena. — I. 1965, Text 583 pp, 1—*251 charts — IL 1978, 
T ext 418 pp, 258 — 111 charts.

At the time of the publication of Vol. I of the M e u s e l  and co-workers’ huge area atlas, 
A cta Bot. Hung, did not publish reviews, thus I wrote about it only in Bot. Köziem. 54, 
606— 607 (1967). After 13 years and that Vol. II has also been published I have the opportunity 
to m ention it. M e u s e l ’s chief aim in life was the cultivation of floristic plant geography, cho- 
rology. His first attempt (Vergleichende Chorologie, 1943) —- apart from the poor quality of 
the layout of the book —- had a sad fate, the copies—with a few exceptions fell victim to the 
war. As a professor of Halle, his main objective —- as also his co-workers’ — was accurate 
areal geographical mapping of the species of the Central-European flora. As a result of long 
years spent in work, Part 1 of Chorologie (P te r id o p h y ta — F abaceae, with more than 1000 maps) 
cam e into existence — it was published in 1965. Part 2 ( F a b a cea e—P la n ta g in a cea e , with 652 
m aps) was published in 1978, and we shall have to wait certainly for a long time for Part 3 
(in E n g l e r ’s system). Both parts are divided into text and map. In the Introduction of 
Part I, the taxonomical-floristical and cartographical bases for depicting the area are discussed, 
then  the floristical-plantgeographical categoriation of the extratropical Eurasia is given. It is 
regrettable here that —- although M e u s e l  cites and uses the relaxant works of references —  
he nevertheless places the Pannonian floral province (Pannonische Provinz) again into the re­
gion o f Pontus, and it follows from this that the Hungarian Central Range of Mountains are 
placed here with the subm ountain region of the Eastern Carpathians (Matrische Unterprovinz), 
and the Plain (Alföldische Unterprovinz). Taken out of its neighbourhood, West-Pannonia, 
belongs to Pränorisch-Sloveriische Unterprovinz of the Central-European floral province, 
w hile the adjacent Alps to the Alpische Unterregion. The Eastern and the Southern Carpathians 
now  appear within the Karpatische Unterregion of the Central-European region, then under 
the Sub-Mediterranean Unterregion of the Macaronesian-Mediterranean region. The earlier 
notion of Transdanubicum is confused with that of the Transdanubian Central Range of Moun­
tains, etc. Our recent plantgeographical works are not considered in the book. Taken all in all, 
the rather conservative categorization which is difficult to comprehend cannot be considered 
as successful. Chapter 3 (and, similarly, Chapter 1 in part II) give a comparative survey of
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area forms of the individual families — almost as a chrological characterisation of them, with 
several excellent maps. Chapter 4 and Chapter 2 in Part. II — are the lists, that is, the enu­
meration of the almost total number of Central-European species and related species or taxa. 
In these lists we can find on the one hand the determination of the area (“Arealdiagnose” ; 
the word in boldface in it provides the notion we understand under floral element or geo­
element), while in the column “floral element” by a very clumsy terminology — alm ost the 
whole distribution of the taxon at issue is crowded. This is how, for example, Ceterach o ffic in a -  
ru m  will become “ Med-submedturcest-armoric-brit-südsubatl” ; A n em o n e  sy lvestr is  “ Ze-sarm- 
subboreoross-siid-mittel-sibir-jacut-daur” ; G era n iu m  p a lu s tr e  “ (zentral)-ostsubined-mo-subatl- 
sarm-westsubboreoross” element (but there are even much longer designations, w ith 8 —10 
names). It is a pity that it is so much in contradiction with the W a l t e r - type geoelement 
designation, and with the concise but expressive terminology used by us. Nevertheless, this 
list presents a survey with no precedent on the Central-European species and their relatives, 
although it often tries to satisfy us both here and in the maps with a wide frame of species and 
morphological spheres (with designations like agg., sp. coll., s. 1.). By this, naturally, the indi­
cation of many interesting and significant small species’ areas is missing, sometimes even that 
of “good” species; for example, there is only one M e n th a  occuring in the list. All the more valu­
able on the other hand that the areas of far-related species are presented (regrettably, because 
of the small size of the maps, they are sometimes blurred). I bis method is probably even right, 
since we are given a better survey of the complete areas of the individual morphological spheres, 
but on the other hand we should often like to go into details, for example, to see a more accu­
rate picture of the distribution of certain vicarious small species. -  The last chapter is a key 
to the maps, mainly from taxonomical and chorological viewpoints, with a list of the sources 
of all the area maps published. It can be seen from this, what a tremendous amount of work 
was undertaken, and what a wide scope of literature had to be consulted so that the various 
maps could be even if only approximately accurate. The authors review within the agg.-s the 
view of various taxonomists, sometimes without taking a stand themselves definite; Hungarian 
papers are in general taken into consideration. We should not resent the fact that certain reports 
are incomplete. The task was especially difficult in relation to areas outside Europe, for with 
respect to the European species, it have more accurate area maps only recently been compiled.* 
The taxonomical statements are here and there out of date, but -since the authors are very 
concise in their statements, these are only sometimes relevant to the maps. Rarely incorrect 
names (for example, T r in ia  h ita ib e lii  or H era c leu m  s p h o n d y l iu m  ssp. s ib ir icu m ), or inaccurate 
information occur (for example, O dontites vern u s  2n : 20 and ssp. sero tinus , are correctly inter­
preted as 0 . v u lg a r is  2n : 40 separate species); of course, there are several obsolete or incorrect 
names, sometimes it is remarked even by the authors that they do not use the legitim ate name 
(for example, L ib a n o tis  m o n ta n a  instead of L. s ib ir ica ). Several names mainly in Part I are al­
ready outdated today which is acknowledged also by the authors. It is already unusual that 
recently discriminated genera are only exceptionally recognized (for example, P se u d o ly s im a -  
ch io n ), but there is for example no A v e n u la , D a c ty lo rh iza , C ham aecytisus , G e n tia n e lla , etc. 
Of course much more smaller mistakes could be mentioned as well, inaccurate maps (as I had 
mentioned previously) but they can hardly reduce the value of this unique, excellent work 
that evokes respect and esteem. I have to furthermore stress the effectiveness and instructive 
character of the maps which are nicely drawn and well reproduced. In summary the work of 
M e u s e l  and co-workers, is the greatest undertaking in the whole literature of botany with 
respect to chorological plant geography.

R. Soó

V. M a r k g r a f  and II. L. D’A n t o n i : Pollen Flora of Argentina. Modern Spore and Pollen Types 
of Pteridophyta, Gyinnospermae, and Angiospermae. With a Spore Morphologic K ey and 
Photomicrographs of the Genera of the Fuego-Patagonian Pteridophyta by M. A. M o r b e l l i , 
pp. 1—208, 43 plates. Tucson, Arizona. The University of Arizona Press. 1978. $ 9.50.

374 species of sporomorphs have been described, illustrated and keyed in this compre­
hensive Pollen Flora of Argentina.

The main purpose of this work is to aid the future paleo-palynologic investigations in 
southern South America which were hindered till now by the total lack of basic palynological

* J a l a s — S u o m i n e n : Atlas Florae Europeae. Helsinki. I. P teridophyta  (1972), 2. G ym - 
nosperm ae  (1973), 3. S a lica cea e— B alanophoraceae  (1976). Hungarian co-workers: Soó, R ., the 
late K á r p á t i , Z., then T e r p ó ,  A.
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information. It was first necessary to establish a reference collection of the recent pollen of 
Argentine plants, With the help of this, palinologists will he able to give more information for 
paleoecology, paleoclimatology and archaecology in the near future.

All the plant taxa described are given according to the four main geographic regions: 
the Amazonie dominion (subtropic forest of NW and N E  Argentina), the Chaqueno dominion 
(xerophilous, deciduous forest), the Andean-Patagonic dominion (open grass or scrub steppe 
of higher altitudes), and the Subantarctic dominion (m ixed Southern beech forest).

This plant geographic aspect of the pollen flora should be of special interest because of 
its application to fossil palynologie work in different vegetation provinces.

The content of the book is divided into four main parts:
1. The chapter of the Plant geographic Provinces, embraces the microspores of 374 

species grouped according to the plant geographical regions and ecosystems from the subtropi­
cal forest, xerophilous deciduous forest, Patagonian shrub and grass steppe and Andean grass­
land to the cool N o th o fa g u s  forest of the Yaldivian and Magellan districts shared with Chile. 
This involves practically the whole of Argentina from the North to the South geographically.

Even the application of this pollen flora is not lim ited to the Argentine territory because 
of the wide floristic range. For example the tropical pollen types of northern Argentina have 
a geographic distribution throughout all the tropics of the New World. So, the collection of 
pollen types described here is very useful for palynologie works in other countries, in the same 
vegetation zone where these plants can be found.

2. The second chapter. Description of Spore and Pollen Types, gives the pollen morpho­
logic description of each taxon identified, thus the character of aperture, the sculpture type, 
size measurements, exine thickness, pore and colpus characteristics. In the end, the geographical 
description of the collection site of the plant, the collector and the date of collection follow. 
Both the pollen descriptions and their photomicrographs are in  alphabetical order by family — 
first P te r id o p h y ta , then G y m n o sp erm a e  and A n g io sp e rm a e .

3. In the third chapter the Pollenmorphological K eys are involved. It is an unusual but 
very practical way not to make the keys of the complete list of species but divide them into 
four groups according to the main plant geographical regions as in chapter 1.

The author’s aim was to make the palinological work much easier on fossil material in 
different vegetation provinces. Even in the case of fossil palinologic work done in plant geo­
graphic border situations, it is easier to use two pollen keys than the key of a big list of all spe­
cies.

4. In the end we find the Key to the Genera of P te r id o p h y ta  of Fuego-Patagonia (M. A. 
M o r b e l l i ) .  It includes the morphologic key of 28 spore types with photographs.

Finally, three complete alphabetical indexes are provided to help find the taxa: thus, 
the index of all the species and families, then a plant fam ily index in which all the species is 
listed under their family, and a common name index. In every case throughout the book, 
species are accompanied by numbers referring to plate and species number making the book 
very easy to handle. According to the authors (page 2) a letter symbol should accompany the 
species in the alphabetical species index marking the corresponding plant geographical region 
for each taxon. Unfortunately, it is missing from the book.

If the plants selected for characterization of different vegetation provinces and eco­
system s are correct, the application of this selection will be very useful for fossil palinologic 
works.

M .  J Á R A I - K O M L Ó D I

O b e r d ö r f e r , Б., Süddeutsche Pflanzengesellschaften. 2nd ed. II. YEB G. Fischer, Jena 355 
pp. 76— 138 charts. 44. — DM.

I have already reviewed the first part of O b e r d o r f e r ’s monograph, in Acta Bot. 
Hung. 175 (1978) and in Bot. Közi. 65, (1978). What has been written there is valid for the 
second part —  the authors of which are K o r n e c k , M ü l l e r  and O b e r d ö r f e r  -— as well. 
The classes elaborated in this volume are: S edo-S c iera n th e te a  (acidophil grasslands, rock- and 
elastic rock vegetation), F es tu c o -B ro m e te a  (dry and lowland grasslands, with basiiphil charac­
ter), C a ric i ru p estr is -K o b res ie tea  and Seslerietea v a r ia e  (alpine grasslands), J u n c e te a  tr i f id i  
(acidophil alpine grasslands), N a rd o -C a llu n etea  (heaths), T rifo lio -G eranie tea  (fringe-associa­
tions) E p ilo b ie te a  a n g u s tifo lii  (vegetation of cutting area), B etu lo -A denosty le tea  (subalpine 
scrubs). In opposition to, Hungarian researchers (especially the repeatedly quoted J a k u c s , 
whose view  is however kept in silence), the forest margin associations are categorized in a 
separate class. There occur only a few associations that are common to the Hungarian plant
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cover, mainly of E p ilo b ie tea . The use of some group names ( F es tu c io n  p a l le n t is , F . valesiacae  
“ K l i k a ” ) for Western associations can hardly be considered as correct. Incidentally, the 
authors draw a very narrow line for the notion of associations, hut subordinate units do not 
occur. The especially concise work is significant also for Hungarian plant cenology.

R. Soó

H. W a l t e r : Die ökologischen Systeme der Kontinente (Biogeosphäre). G. F i s c h e r  Verlag, 
Stuttgart 1976. 132 pp. 63 pictures, 29. — DIM.

I have on several occasions appreciated H. W a l t e r ’s pioneering and epoch-making work 
in geobotany and ecology, even in the part years (Acta Bot. 15, 204 — 20S (1969); 21, 28, 
451 (1975); Bot. Köziem. 56, 56 (1969); 62, 38, 74, 216 (1975). He is the greatest master, 
doyen of classical synecology in Western-Europe.*

His present, last book adds to his smaller work on vegetation and climate (published 
in German and English in 1973), which is a concise summary of the book entitled ’Vegetation 
der Erde’ (1968, 1973). His earlier publications were the 9 large climate diagramé maps of the 
continents (in co-operation with H a r n i c k e l l  and M u e l l e r - D o m b o i s , 1975, F i s c h e r , Stutt­
gart), and the Klimadiagramm-Weltatlas, compiled in co-operation with L i e t h  (1960— 1967), 
which has been applied mainly by A. BoRHlDI in our country. Here he has tried to the systema­
tise the biogeosphere, that is, the terrestrial ecosystem, unfortunately with a rather clumsy 
terminology. (This is incidentally true also for the new Anglo-Saxon, authors and the Hungar­
ian ones who are in their wake.) According to an English ecosystem definition ( T a n s l e y , 
Biol. Lexicon 3 : 299), the material and energy unit of nature is such a part of nature in which 
on the interaction of the inorganic environment and the plant- and animal associations, a 
permanent metabolism comes about between the organic and inorganic components. His inter­
pretation however is, is quite diverse in practice; sometimes it means the complete living world 
of certain climate zones (see below W a l t e r ’s zonobiom), at others only that of very small eco- 
topes (wood-trunk, a single reed, leaf surface). Biogeosystem is a term frequently used in this 
country ; often it refers only to certain biocenoses; I have always tried to avoid it. S u k a t c h e w ’s 
biogeocenosis is a similar motion, with a narrower delimination, with the animal world, soil, 
micro-climate and water supply, etc. of one single plant association, the formation of which is 
the result of a counter-effect among its components; these constitute homogeneous complexes. 
With W a l t e r , the biogeocene also represents an actual plant association, which is divided 
into synusia, and which can form complexes and ecological series (which are often not identical 
with the succesion series), catena, etc. In recent years, W a l t e r  uses the notion of biom origi­
nating from America ( W h i t t a k e r ’s school), which is a large ecological unit of the environment 
and the biotic components together, and which is divided by him into further, more accurate 
notions; zonobion is the greatest unit, in accordance with the 9 ecological climate zones:
I, equatorial jungles (without seasons, with day-periodical climate); 2. deciduous forests, with 
tropical summer rains; 3. subtropical, dry (desert) forest; 4. forests with humid winters, arid 
summers, and of hard foliage; 5. warm, moderate, oceanic, evergreen forests, 6. deciduous 
forests with typically moderate short freeze periods, called nemoralis forests by W alter; 7. 
continental steppes with arid-moderate, cold winters; 8. boreal, coniferous woods with cold- 
moderate, cool summer; 9. arctic-antarctic climate zones, tundras. —  Zonobioms are charac­
terized also by zonal vegetation and soil types as well. Similarly to C l e m e n t s , who named the 
transitional zones describes zono-ecotones (often with extrazonal [vegetation): 1-—2: transi­
tion between jungles and deciduous tropical forests; 2— 3: savannah; 3— 4: semi-shrubbery; 
4— 6: sub-Mediterranean forest; 5— 6: seini-evergreen forest of moderate climate; 6— 7: forest 
steppe; 6— 8: mixed forest or mosaic forest; 7— 8: poplar-birch forests; 8— 9: forest tundra. 
(In a very simplified survey.) The orobioms of the vertical climate zones of the mountains fall 
outside the zonobioms, and so do the extrazonal or azonal pedobioms, justified by the soil as 
the litho-, psammo-, halo-, hydro- and peinobioms; the latter in soils poor in nutrient.

* He was born in Odessa, 1898; Prof. univ. 1932, einer. 1966. He travelled across Africa 
(five research journeys) the Near East, Australia, South America (two journeys). His knowledge 
of Russian made it possible for him to elaborate the vegetation of Eastern-Europe, North and 
Central Asia several times (reviewed in 1975). His aims were to present a modern picture of 
the vegetation of the earth, on a pragmatic, eco-physiological basis (reviewed in 1969). He 
introduced the notion of hydrature, the most known are his climate diagrams. I met him in 
1928 at the IPE; he also came to our country at that time.
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The term biom is used for ecosystems of smaller volume (areas, geographical units, 
individual mountains, etc.), which is rather uncertain in this way. The synecological system  
based on formations (the latest is by M u e l l e r - D o m b o i s  and E l l e n b e r g  1974) is — justifi­
ably —  rejected by W a l t e r . He emphasizes that in the ecosystem, the circulation of material, 
the path  of energy, and the phytoinass depend on the dominant species, while the characters 
are irrelevant, although they assist in recognizing of the associations. I myself have often em­
phasized that the purely statistical (computer) results are of no value, since the accidental ele­
m ents represent identical values w ith  the dominants and the characters. However, this will 
be dealt w ith in more detailed elsewhere.

Of the chapters discussing the examples, one deals in detail with a biogeocenosis, forest- 
steppe-forest (Tilio -Q uerce tum  a e g o p o d io su m )  — besides Worskla (a monograph by G o r y s i n a  
and co-workers, 1974) — mainly from  ecophysiological and production-biological viewpoints; 
and w ith a biom; this is a discussion of the vegetation of the sand-desert Karakum; the latter 
is based on numerous soviet authors, mainly on N e t c h e v a  and co-workers, 1975). (I should 
remark that I myself also had the opportunity of becoming familiar with a few plant associa­
tions of the Karakum and Kizilkurn deserts, in 1976.) We are more closely interested in that he 
determ ined in the Pannonian-Dacic area a triangle-ecoton, viz. the interception of the Central- 
European (“ nemoral”) forests, the steppes, and the sub-Mediterranean forests (on the basis of 
the work of H o r v a t — -G l a v a c — E l l e n b e r g  1974), with a semi-arid forest-steppe climate and 
macromosaic structure. This has been known in Hungarian literature for a long time; when review­
ing the tex t of the vegetation map of H o r v a t  and co-workers, 1 criticized (Acta Bot. Hung. 
2 0 , 206, 1974) that they attribute this thesis to the results of their own examination; now the book 
does already enumerate references o f a rich Hungarian literature up to 1970 and emphasizes 
that I was the first to make the statem ent of foreststeppe (Steppenwald) in my study of 1926 
(p. 277). W a l t e r  however opposes the nomenclature of B o r h i d i  and Soó (1962—T965) in 
relation to the Illyrian beeches — p. 415 —- even though it is a consequence of the rule that 
the independent associations are to receive two-fold names and not geographical titles (as have 
been given by the Jugoslavian authors).

W a l t e r  is right to pronounce (p. 50) that an ecologist can carry on his measurements 
and studies only in real ecosystems and not on abstract models, as is regretfully common with 
certain authors in our country (considering the laboratory and field work of our synecologists 
as valueless and laugh at it).

The 80-year-old author’s life work can only be praised with honour and esteem.
R. Soó

D y k y j o v a , D., K v ë t , J. (eds) 1978: Pond Littoral Ecosystems, Structure and Functioning. 
M ethods and Results of Q uantitative Ecosystem Research in the Czechoslovakian IBP Wet­
land Project, S p r i n g e r  Verlag Berlin, Heidelberg, New York, pp. 464, 183 figures.

The results of the Czechoslovakian IBP Wetlands Project are summarized in this book- 
The 27 authors carried out intensive quantitative ecological investigations, beginning in 1965, 
on shallow  littoral ecosystems of typical Central European fishponds. These are small man­
made water bodies managed century long for fish production.

In the introductory part the authors frankly tell us: “ The volume does not present a 
final synthesis in the form of overall ecosystem budgets and models, but the editors have at­
tem pted to give as much as possible of condensed quantitative data as is needed for syntheses 
and ecosystem  modeling. W ith respect to the present state of knowledge on the ecology of 
freshwater wetlands, such a point o f view is probably more profitable for the reader than any 
sophisticated and refined models supported by an insufficient amount of sound data." Tiiis 
argum entation is lame since the setting up and the presentation of a model does not exclude 
the collection and publication of data in appropriate numbers. It is much more the case that 
the ’break-through’ in ecological approach could not be accomplished. Essentially, the project 
did not attain its final goal, the setting up of a comprehensive ecological model. This is all the 
more regrettable because the attainm ent of such an aim beyond its scientific importance, 
would have a great practical significance as well, in an ecosystem which is utilized and inten­
sively  managed by man. Irrespective of this shortcoming, the book contains very important 
results, and Hungarian hydrobiologists would also be very happy if they know so much about 
their fishponds.

The book consists of eight m ain chapters: General ecology and inventarization of biotic 
comm unities; Environmental factors in fishpond littorals; Primary production processes in 
littoral plant communities; Structure and functioning of algal communities in fishponds;
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Decomposition processes in the fishpond littoral; Structure and role of animal populations in  
fishpond littorals; Effect of a fishpond management on the littoral communities; Conservation 
of plant communities and waterfowl in wetlands of Czechoslovakia. Chapter Three is probably 
the most well-elaborated part of the book; regarding its volume it is also the largest among the 
others. Here even a model is given on the C02 uptake and respiration in the dark of a P h ra g -  
m ites  stand. The use of the name P h ra g m ites  c o m m u n is  is striking conservatism when it was 
as early as ten years ago that P. a u s tra lis  was reported in the Taxon as the valid name for 
common reed. The lists of references given at the end of the yarious chapters call the attention  
of the international public opinion to such works containing very valuable results, and which 
must owing to various reasons have been overlooked so far.

I can highly recommend the work to every hydrobiologist.
L. H a j d ú

K r e m e r , J. N., N i x o n ,  S. W. (1978): A coastal marine ecosystem. Ecological studies 24, S p r i n ­
g e r  Verlag Berlin, Heidelberg, New York, p. 217.

The two young professors (resp. 33 and 35 years old) produced not merely a simple nu­
merical model of with respect to Narragansett Bay, but an aid to a better understanding of 
the ecosystem of the area and the construction of new hypotheses.

In the Preface the authors point to the differences in view of the modelling specialists 
and of the biologists, and they hope to be able to bridge over the gap existing between the 
two points of view. Let us quote a part of the Preface: “ . . . much of the modelling literature is 
very theoretical and appears to be concerned more with the behaviour of differential equations 
than with living systems. It is difficult for the practising biologist or ecologist who measures 
metabolic rates, or nutrient kinetics, or feeding patterns, to relate this efforts to equations with 
a few highly aggregated coefficients.”

In the Chapter entitled Evolution of Ecosystem Models, a short survey, revision is 
provided on the history of mechanistic models. Then the authors describe the process of con­
structing their own model. This always begins with the observation and description of the real 
world. Narragansett Bay is a temperate, plankton-based marine ecosystem; the well-mixed 
water column and the relatively constant salinity are characteristic for it. The model is con­
cerned largely with a mechanistic numerical description of phytoplankton-zooplankton-nutrient 
dynamics, and the ways in which these dynamics are influenced by light, temperature and 
hydrography. Bacterial decomposition and regeneration are simulated entirely through empir­
ical regressions relating not rates to temperature. The six state variables are: phytoplankton, 
herbivorous zooplankton, ammonia, nitrate-nitrite, phosphate and silicate. The authors present 
a detailed description of the model equations and of the theoretical considerations on the basis 
of which the model equations have come about—this part comprises the essence of the book. 
By the mathematical formulation the authors were not searching for new solutions, but an 
appropriate interpolation of the versions already published for. The computer programme is 
described in such detail that if somebody has already acquired some basic knowledge of com­
puter techniques he will be able to understand it. It is just this feature of being easily under­
standable which is missing from the literature on modelling. The book is closed by an analysis 
of the model. Here it is not only that the functioning behaviouring of the system produced by 
means of the equations is simply described but also the background biological bases are detect­
ed. Finally, and 11-page list of references is provided.

The book is not merely an appropriate case study but a textbook of ecological modelling 
well illustrated with examples.

L. H a j d ú

Mo n t e it h , J .  L. ed: Vegetation and the atmosphere. Academic Press London—New York 
San Francisco, Vol. I. 1975. pp. 278 and Vol. II. 1976. pp. 439.

With the appearance of this book a great gap has been filled in plant ecology. The posi­
tive effect of micrometeorology can be well perceived in plant ecology. The most important mer­
it of the book is that it has brought the two branches of science closer at a higher under- 
disciplinary level. Those concepts and measurements of micrometeorology which deal with 
the essential problems of plant ecology are discussed and both micrometeorological and plant 
ecological experiments are presented. Famous micrometeorologists and plant ecologists answer 
the question what the present state of microineteorology and plant ecology is, how these branch-
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es are connected nowadays, and some prediction is made on the future of the micrometeoro­
logical and biological approach. Moreover the m ost important theoretical and empirical results 
are summarized with a forecast of the unsolved problems to come into prominence in the near 
future.

This work consists of two volumes. The first deals with basic principles and the second 
with case studies of different crops, forests and ecosystems.

Volume I.

The introductory chapter of the first volume makes a short survey and comparison 
between the methods of micrometeorology and plant ecology. The following four chapters deal 
with transfer processes.

The chapter entitled “Radiation transfer in plant communities” deals with various 
radiative problems o f the community, such as optical properties, penetration of the direct and 
diffuse solar radiation, total and reflected radiation, radiation regime, spectral composition of 
the radiation, long-wave and net radiation. Thereby a detailed theoretical picture is presented 
of the most decisive ecofactor, radiation, in  the community.

The next chapter deals with mass, heat and momentum transfer. I t’s main theme centers 
around the question of momentum transfer as a primary process, the aerodynamic treatment 
of mass and heat transfer and the energy balance approach.

The fourth chapter is concerned w ith the hydrological cycle in vegetation an emphasis 
on the interrelation of the soil-plant-atmosphere.

Chapter V. discusses the m ovem ent of particles in plant communities, analysing the 
airtransport and deposition of spores and pollens, and their effects. The study is a very interest­
ing summary of vegetation investigations of this kind. Furthermore it is indicated how the 
conceptions described in the earlier chapters can be used as mathematical models e.g.: for 
growing of vegetation or for water-utilization. The closing chapter of the first volume describes 
the micrometeorological appliances used in plant ecology, the calibration and their utiliza­
tion.

Volume II.

The second volume consists of 13 studies which apply the basic principles described in 
Volume I. to actual plant-ecological cases.

The first five chapters give us a picture about the micrometeorology of different agri­
cultural crops, such as temperate cereals, maize and rice, sugarbeet and potatoes, sunflower 
and cotton. In addition radiation, heat and water, carbon-dioxide as well as of transfer proces­
ses w ithin crops are examined in  detail. The sixth chapter entitled Townsville style (S ty lo - 
sa n th es  h u m i l i s ) includes the analysis of tropical annual legumes. It shows the micrometeoro­
logical examination during the main growth period, it’s growth models and the ecology of 
pastures. In the following three chapters the most important elements of micrometeorology of 
different forest-types, such as about (coniferous forest, deciduous forest and tropical rain forest) 
are dealt with. Exchange and turbulence of carbon-dioxide are the main concern of the chapter 
with respect to the tropical rain forest. In this chapter we are given a model of carbon-dioxide 
exchange and the simulation of carbon-dioxide exchange. Chapter X . is about the examination 
of micro-environment of citrus orchards, frost protection in  citriculture, and about means of 
controlling the solar radiation climate in citrus orchards.

From the three last chapters we get to know how micrometeorological conceptions can 
be applied to whole ecosystem s in concrete cases taking as examples swamps, grasslands and 
tundres.

Well-selected and plentiful references are given at the end of all the studies.
Using standard units and symbols in all studies of the two volumes especially to be 

appreciated, because it  always causes problems in a book written by more than one author. 
B ut the absence of agreed units and symbols delayed comparing and discussing on the merits 
of the scientists’ results who study this part of biology. This fact and the compilation of the 
whole book testifies also to J. L. M o n t e i t h ’s excellent editorial work. The tables and figures 
are logical and comprehensible. The book’s typographical lay-out is also to be praised.

It is a most efficient book of equal importance for forestry engineers, agriculturalists, 
researchers from other branches of science as well as students, and not in the least it can be 
highly recommended to ecologists who are to solve the most urgent problems of ecology.

Z .  T u b a
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S avage , J .  M .: E volu tion . T h ird  ed itio n . New Y ork, e tc . 1977. H olt , R i n e h a r t  a n d  W in st on , 
M odern B iology Series. —  V -f- 184 pp.

Since an n iv ersa ry  decade o f th e  D arwin  c e n te n n a ry  a t  least a dozen la rg e  h andbooks 
and  m o nographs have been p u b lish ed  on  th e  biological evo lu tion , from  the  w ritin g s  o f th e  m ost 
excellen t spec ia lis ts  of the  top ic . T h e ir  en u m era tio n  is superfluous here. A lth o u g h  all o f them  
ap p ro ach  th e  basic questions o f  ev o lu tio n  from  d iffe re n t aspects th ey  agree in  t h a t  th e  past 
and  p re sen t seem ingly in fin ite  m u ltifario u sn ess o f th e  liv ing  w orld and  th e  u n e s tim a b le  evolu­
tio n a ry  p o te n tia l  are the  consequence  of the in te ra c tio n  of th e  biological a n d  abiological 
factors.

A g re a t n u m b er of p u b lica tio n s , p ro p ag atin g  know ledge on a sm aller scale o f th e  same 
questions, a n d  u n iv ers ity  tex tb o o k s  as well as synopses serv ing  th e  p o s t-g ra d u a te  tra in in g  of 
researchers, a p p ea r every  year. T hese  p u b lica tions, ow ing to  th e ir sh o rt vo lum e, are  necessarily  
sk e tch y , w h ich  in  itself would n o t  be a  prob lem ; how ever, m any  of th em  oversim p lify  th e  ques­
tions of ev o lu tio n  b y  avoiding th e  p rob lem s, w hich how ever is a serious sh o rtco m in g .

I t  is n o t w ith o u t reason  th a t  Savage’s sm all book  to  be review ed here  has reach ed  its 
th ird  ed itio n : i t  is no t oversim plified , and  y e t re ad ily  com prehensib le. In  th e  in tro d u c to ry  
p a r t,  he d em o n s tra te s  th e  u n iv e rsa lity  o f th e  basic ch ara c te ris tic s  of the  liv ing  w orld  b y  o u tlin ­
ing the  m o lecu la r biological fu n d a m e n ta ls , th en  th e  co n tem p o ra ry  d iv ers ity  is p re se n te d  by  a 
sh o rt pa leon to log ical survey.

T he su b je c t of the  second p a r t  is th e  desc rip tio n  of th e  basic processes o f  ev o lu tion ; 
th e  genetical bases; the  m ain e v o lu tio n a ry  d riv ing  forces; th e  sources o f v a r ia tio n . T h e  role of 
n a tu ra l se lec tion , and  genetical d r if t,  as well as th e  a d a p ta tio n a l in te rac tio n s  o f th e  e v o lu tio n ary  
forces are described  in brief, b u t  from  m an y  aspects an d  v iv id ly . E v en  th o u g h  he m akes a 
d iffe ren tia tio n  betw een  m icro-, m acro-, and m ega-evo lu tion , he em phasises th a t  th e  e v o lu tio n ­
ary  d riv ing  forces are the sam e a t  all levels: selection, iso la tio n  and  d rift, b u t  th e ir  in te rac tio n s  
and  in te n s ity  v a ry  in case an d  in  tim e.

F ro m  th e  recen t ideas on th e  orig in  of life on e a r th , th en  a few re su lts  o f e x p erim en ta l 
approaches, he sw itches over to th e  v e ry  exciting  prob lem s of the  evo lu tion  of h u m an  a p p reh e n ­
sion and  consciousness. A glim pse of th e  perspec tives o f m en ta l evo lu tion , th e  n ecessity  and 
possib ilities o f a b e tte r  recognition  o f m an  him self ends th e  book, w hich is ex ce llen t illu s tra te d  
w ritten  in  a th o u g h t provoking s ty le  o f high s ta n d a rd , w ith  am ple in fo rm a tio n  a n d  is w orth  
reading.

B . J a n k ó
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Ed. by J. Salánki and P. Biró
(Symposia Biologica Hungarica 19)

The present volume includes the lectures presented at the Symposium on Human 
Impacts on Life in Fresh Waters organized by the Biological Research Institute 
of the Hungarian Academy of Sciences, Tihany, between 7 — 9 September 1977.
The 19 papers by experts from ten countries cover a wide range of limnological, 
toxicological, physiological and hydrological studies. The volume deals with 
the cultural euthrophication of fresh waters, the relationships of aquatic plants 
and animals, and the changes in ecosystems due to human impacts. A major 
part of the volume has been devoted to the biological effects of pollution of differ­
ent origin in fresh waters, to their intensity and type and also to the prediction 
and prevention of their deleterious consequences.
Effects of pollution to the environment and impacts of commercial fisheries on 
fish fauna or a given fish population are treated in detail both in rivers and stag­
nant waters. Some effects of various toxic compounds on the physiological 
functions of fresh water invertebrates are also described.
The volume can be recommended to all those interested in general or special 
problems of limnology, i.e. to experts of ichthyology, botanies, zoology, hydro­
logy, toxicology and environmental protection.
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ACTA B O TA N IC A

ТОМ . 25 В Ы П . 3 - 4

ИССЛЕДОВАНИЕ СООТНОШЕНИЯ РАЗЛИЧНЫХ ПО ДЛИНЕ КЛЕТЧАТКИ 
ГРУНИ У НЕКОТОРЫХ ДРЕВЕСНЫХ ВИДОВ КУБЫ

к. БА БО Ш

Автор исследовал по параметру длины клетчатки 15 древесных и кусатрниковых 
ВИДОВ Кубы. Изучались следующие виды: Curatella am ericana  L ., C alophyllum  a n tilla n u m  
G riseb., G uanum a u lm ifo lia  L am ., Luehea speciosa W illd ., Alvaradoa amorphoides L iebm . ssp. 
psilophylla  (U rb .) C ronq., Guarea guidonia  (L .) Sleum er, T rich ilia  hirta  I,., Cyrilla racem iflora  
L ., C upania  glabra Sw., L ysilom a bahamensis B en th ., M yrsin e  cabana A. DC., M astichodendron  

fo e tid issim u m  (J a c q .)  C ronq., L in ó d éra  bumelioides G riseb ., Cordia sebestena L ., Quercus 
oleoides Cham , e t  Schlecht, ssp. sagraeana (N u tt.)  B orh id i. С целью  сравнения проводилось 
также исследование двух европейских видов: Quercus cerris L. var. austriaca (W illd .) L oud, 
и P opu lus alba L.

ИЗУЧЕНИЕ СТРУКТУРЫ ПЛА11КТ011НОГО СООБЩЕСТВА НА ОЗЕРЕ ВЕЛЕНЦЕИ
Ж . Б А Р Т А , Л . Х А Й Д У

Авторы исследовали состав и количество видов фитопланктона в различных по 
своей трофичности местах озера Веленцеи. Авторы определили 242 таксона, из которых 
118 новые для озера. Из полученных данных при помощи формулы S h a n n o n  было высчи­
тано распределение. На основе методических исследований авторы предлагают для изу­
чения распределения фитопланктона оптимальный метод общего количества особей (ОКО), 
описание которого дается в этой статье. Авторы определили, что редкие виды не влияют на 
оценку распределения. Распределение растительного планктона, собранного в трех местах 
озера Веленцеи уменьшается в следующем порядке: Фюрдете, Луг—Немфоги, Галлер. 
Фюрдете, в котором протекает два водозагрязненных ручья, в 1972 году был один из из­
любленных мест для планктонных водорослей. Это можно обяснить тем, что поступающие 
растительные питательные вещества увеличивали распределение фитопланктона в Фюр­
дете. Рост питательных веществ в последующие два года вызвал сильное понижение ра­
спределения. По мнению авторов максимальная кривая эитрофизации влияет на распре­
деление.

ВОСТОЧНО АФРИКАНСКИЕ БРИОФИТЫ 111.
М. Б И З О , Т . П О Ч

В работе опубликованы экологические и бриогеографичсские данные более, чем 
о 300-ах видов мхов, а также таксономические замечания и данные по их распространению. 
Большая часть материала была собрана Т. Поч, в горах Восточной Африки, в Танзании, а 
меньшая часть была собрана другими сотрудниками. Одна часть упомянутых видов новая 
для Восточной Африки, а некоторые новые для всего континента. Таксономическую ре­
визию провдил Т. Поч (Hepaticae , В гу и т ,  а также для генуса Rhodobryum, а также Бизо 
(различные M usci и в особенности генус Fissidens). Авторы предлагают следующие новые 
названия F rullan ia  vanderberghenii Pócs nom . nov., L ejeunea  tuberculiflora  E. W. Jo n e s  ex 
Pócs nom . nov . и новые комбинации: Lophocolea m uhavurensis  (S. A rnell ex Pócs com b. nov ., 
F issidens enervis Sim . ssp. hedbergii (P . V arde) B izo t com b. n ov ., F issidens d iaphanodonta  
(P . V ard e) B izo t com b, n o v ., Rhodobryum perspin idens (B ro th .)  Pócs com b. nov ., Rhodobryum  
spa thu la tum  (H o rn sch .) Pócs com b. nov.



ФИТОЦЕНОЛОГИЧЕСКАЯ КЛАССИФИКАЦИЯ РАСТИТЕЛЬНОСТИ КУБЫ

А. Б О Р Х И Д И , О. М У Н И З, Е . Д Е Л -Р И С К О

Авторы в течении 10 лет изучали физиогномическую структуру и ценологический 
состав растительности Кубы. Былии определены различные по рангу группы вегетации. 
В результате этих исследований авторы публикуют впервые собранный в порядок обзор о 
более высоких фитоценологических особях кубинского растительного покрова, а также их 
краткое описание. Обзор содержит в себе 27 классов-ассоциаций, из которых 14 новые 
Д Л Я  науки (Salvinio-E ichhornietea , Cabombo-Nymphaeetea, Sesuvio-Rhachicallidetea, Chry- 
sobalano-A nnonetea , Sabalo-Roystonietea, Coccolobetea uviferae, Phyllantho-Neobracetea, Pachy- 
an th o -P in e tea , Ocoteo-Magnolietea, C lusio-Ilicetea Parvirhynchosporeto-Eriocauletea, Curatello- 
B yrso n im etea , B yrsonim o-P inetea , C aseario-Pinetea , Rondeletio-Gesnerietea), далее 53 поряд- 
ков-ассоциаций и 80 федераций-ассоциаций. Авторы коротко описали физиогномию и 
экологию ценологических групп, а также характерную комбинацию видов, а также пере­
числяют 186 самые главные ассоциации.

ЦИТОХИМИЧЕСКОЕ ИЗУЧЕНИЕ ТОЧКИ РОСТА СТЕБЛЯ ЯБЛОНОВ. II.
СОДЕРЖАНИЕ ДНК В ЯДРАХ КЛЕТОК МЕРИСТЕМЫ И РОСТ СТЕБЛЯ 

В ЗАВИСИМОСТИ ОТ НАПРАВЛЕНИЯ РОСТА СТЕБЛЯ И ОБРАБОТКИ ЕГО
МОРФАКТИНОМ

Т. Б У Б А Н , Ц. У . Х Е С Е М А Н Н

Данная статья дает информацию о замеченных при фотометрическом измерении из 
менениях уровня ДНК в ядрах клеток точек роста стебля, обработанного ниже описан­
ным образом. Авторы изучали стебли в их естественном положении: вертикальном (V), 
горизонтально (Н) или вертикально растущие, но привязанные в горизонтальном напра­
влении (VH). Некоторые части стеблей (V, H, VH) были обработаны морфактином. Образо­
ванию цветковой почки помогает горизонтальное привязывание стеблей, а также обра­
ботка их морфактином. В точке роста стеблей привязанных горизонтально содержание 
ДНК выше, чем в стеблях растущих вертикально. Внутри стеблей горизонтального поло­
жения в части находящейся по направлению к земле уровень ДНК намного выше. А об­
работка морфактином в некоторой степени понижает содержание ДНК и уравнивает 
разницу между нижней и высшей стороной горизонатльно растущих точек роста.

ИЗУЧЕНИЕ СВЕТА И ФОТОСИНТЕТИЧЕСКИХ ПИГМЕНТОВ У ВИДОВ 
ТРАВЯНИСТОГО ЯРУСА БУКОВЫХ ЛЕСАХ

М. П. Д Р А Ш К О В И Ч

Автор проводил измерение освещения листьев видов у грабовых буковых 
M elitti-F a g e tu m  на травяном ярусе, и определил содержание и концентрацию фото- 
синтетических пигментов (хлорофилл а и б, каротиноиды) — в соответствии с аспектами и 
временами года - у листьев доминантных видов, растущих на травяных ярусах. Ранне­
весенние геофиты живущие в периоде богатым светом A nem one ranunculoides, D entaria  
enneaphyllos, Corydulis bulbosa обладают более высоким уровнем пигментов, большой 
пропорцией хлорофилла а и б. У травянистоярусных гемикриптонных видов Oxalis 
acetosella, Galium  odoratum, Viola silvestris, Carex p ilo sa  концентрация пигментов В более 
хорошо освещенные периоды ниже, а в менее освещенные летние месяцы выше. Летом 
в условиях равномерного освещения в популяциях различных видов концентрация 
пигмента одинакова. Соотношение а/б хлорофилла целый год очень низкое, и свето- 
экологически закреплено.



НОВЫЕ ВОДОРОСЛИ В ВЕНГРИИ 
т .  х о р т о е ; а д и

Автор в 1970 76 гг. проводил исследования водорослей в Будапештской части 
Дуная и в системе Будапештских очистительных сооружений, поставляющих питьевую 
воду.

Описано 26 новых для науки таксонов. Среди них 8 новых видов, 7 подвидов и 
11 новых форм. Также описывается один новый род.

Новые Таксоны следующие: Pelodictyon clalhratiforme (Szafcr) G eitier f. m ains  H ortob . 
f. n ., Trachelomonas gregussii H o rto b . va r. danubialis H o rtob . v a r. n ., Chlorogonium elongalum  
D ang. var. gigas H ortob . var. n ., Pterom onas danubialis H o rtob . sp. n ., A ctin a stru m  ellipsoideum  
H o rto b . sp. n ., A. hantzchii L ag e rh . va r. curvatum  H o rtob . va r. n ., B u rk illia  cornuta  W. e t
W . f. m inor , H ortob . f. и., Chodatella ciliata  (L agerh .)L em m . f. crassa H o rto b . f. n ., Ch. 
quadrangularis H ortob . sp. n ., Ch. robusta H o rto b . sp. n., Crucigenia taxa  H o rto b . sp. n ., D idy- 
mocystis inerm is (F ő tt)  F ő tt  va r. danubia lis  H ortob . var. n ., I). inerm is  v a r . danubialis  f. sim ­
p lex  H o rto b . f. n ., D idym ogenopsis  H o rto b . gen. nov., ü .  danubialis  H o rto b . sp. n ., Heleochloris 
conica K orsch . f. minor H o rto b . f. n ., Kirchneriella irregularis (S m ith )  H o rto b . var. danubialis 
H o rto b . var. n., Lagerheimia genevensis  Chod., f. crassiseta H o rto b . f. n ., L . genevensis f. gra­
nulate  H o rtob . I. n., L. genevensis v a r. spinosa  H ortob . var. n ., L . genevensis var. subglobosa 
(L em m .) Chod. f. crassiseta H o rto b . 1'. n ., L. wratislawiensis Schroed . f . flexocaudala  H ortob . 
f. n ., Tetraëdron caudal um  (C orda) H ansg . var. depauperata  P r in t  z f. granulá tum  H o rto b . f. n., 
Telrallantos gracilis H ortob . sp. n ., T . scenedesmoides H o rtob . sp. n ., Tetrastrum  heleracanthum  
(N o rd s t.)  Chod. var. crassisetum  H o rto b . va r. n . ,T .  ten u isp inum  H o rto b . f. irreguläre H o rto b . f. n.

ПРОСТРАНСТВЕННЫЕ ПРОЦЕССЫ В ПЕСЧАННО-ТРАВЯНИСТЫХ 
СООБЩЕСТВАХ. I. КОЛИЧЕСТВО ВИДОВ, КОЛИЧЕСТВО ОСОБЕЙ, ПОКРОВ 

Н БИОМАССА НА УРОВНЕ СООБЩЕСТВА
Е. Н . М О Л Н А Р , Я . Н. Н О С Е К

Авторы изучали некоторые свойственные для сообщества изменения (количество 
видов, количество особей, покрытие, живую и мертвую фитомассу) в различных сезонных 
аспектах, в зависимости от нарастания площади (от0,04 до 1 м2) песчанно-травянистого 
сообщества. Взятие образцов происходило случайно квадратами, независимыми друг от 
друга.

Изменение числа видов и числа особей хорошо отражали изменение аспектов со­
общества. Летние оценки были самые низкие (присутствие видов, приспособленных к 
условиям семи-арид). Покрытие не показало систематическую связь с аспектами. Коли­
чество живой фитомассы росло от весны до осени. Все исследованные характеристики, за 
исключением мертвой фитомассы осенью достигали максимального значения.

Количество видов изменилось логарифмически в зависимост от роста площади в 
каждом сезоне. Между всеми остальными характеристиками и ростом площади .можно было 
определить позитивную линеарную зависимость. Авторы определили также процентные 
отклонения между данными, измеренными и рассчитанами на 1,0М2. Сравнивая сезонные 
изменения с изменениями показанными в зависимости от площади, регрессионные прямые 
показали самую малую и самую большую крутость в том году, в котором абсолютная оценка 
характеристики также была минимальная, вернее максимальная.

Можно было определить положительную линеарную зависимость среди различных 
пар исследованных характеристик. Крутость регрессионных прямых в различные времена 
года показали отклонения.

ДАННЫЕ О РЕПРОДУКТИВНОЙ СПОСОБНОСТИ QUERCUS CERRIS L.
М. Н А Д Ь

Работа содержит данные 1977 78 гг, о репродуктивной способности Quercus
cerris L. в естественных условиях на территории Шикфёкут-Project.

Исследования проводились на 6 га лесного участка под 50 деревьями на фиксиро­
ванных площадях в 1 м2, где определялось количество опавших желудей и количество 
развивающихся из них саженцев, живущих в течение года.



Установлено, что репродуктивная способность равна Сг =  19,1%, что соответствует 
Сг =  17,86 шт (м2) 10 месяцев.

Гибель саженцев равна Г =  44,88%, в то время как средняя гибель равнялась 
Г =  14,54 шт (м2) 4 месяца.

Значительная часть (46,3%) урожая попадает в почву уже поврежденной насеко­
мыми. Большое количество желудей (47,8%) истреблялось крупными и мелкими млеко­
питающими. Среды начавших развиваться плодов 73% опадали незрелыми и неразвитыми.

НОВЫЕ ДАННЫЕ К ФЛОРЕ ПЕЧЕНОЧНЫХ МХОВ ЛАТИНСКОЙ АМЕРИКИ I.
Д . М. РЕ Й Е С

Автор описывает 26 редких таксонов печеночных мхов из Латинской Америки, боль­
шей частью на основании собственного материала, а также из коллекции НАС и E O R . 
Среди перечисленных видов 6 новые для Кубы: A phanlejeunea  ephemeroides Schust., Colura 
gre ig -sm ith ii  Jo v .-A st, Colura tenu icorn is  (E vans) Steph., D repanolejeunea lichenicola  (Spruce) 
Stepli., Prionolejeunea helleri E v an s , R a d u la  pallens (Sw.) Dum. А остальные 3 вида новые 
для других стран Латинской Америки.

НОВЫЕ НАЗВАНИЯ В РОДЕ O P H R Y S

Р. ш о о

Автор описывает 4 новые комбинации и 4 новых гибрида из рода Ophrys, а также 
дает некоторые критические таксономические замечания. Новые комбинации: О. oestrifera
F le isc lim a n n  var. fle isch m a n n ii  (H a y e k )  Soó, var. dyris  (M aire) Soó, O. to m m asin ii Vis. ssp. 
arenicola  (R chb . f.) Soó, 0 . kurd ica  R ü c k b ro d t  ssp. kurd istan ica  (R enz) Soó. Новые гибриды: 
О. X  gum prechtiana  Soó, О. x  w a ld m a n n ia n a  Soó, 0 . x  baum ann iana  Soó, O. x  grafiana  Soó.

ЗНАЧЕНИЕ АНАТОМИЧЕСКИХ ПРИЗНАКОВ В СИСТЕМАТИКЕ ВЕНГЕРСКИХ
GENTIANA

Ю . С У Й КО -Л А Ц А , С. С Е Н

Авторы изучали анатомию листа и стебля у трех венгерских видов G. pneum onanihe, 
G. cruciata, и G. asclepiadea. На пять признаков у G. cruciata  влияют окружающие условия, 
тогда как у G. asclepiadea, и G. pneum onan the  только на два признака. Число папилярных 
клеток на краю листа также различалось у этих трех видов. Авторы нашли сигнифи- 
кантную корреляцию у G. cruciata  между главными сосудисто-волокнистыми пучками 
и внутренним влагалищем площади паренхимы, и между первыми боковыми пучками 
и внутренним влагалищем площади паренхимы у G. asclepiadea. Длина устьиц имела 
более высокую величину множественности чем ширина устьиц. Авторы нашли целый ряд 
признаков которые были общие у всех трех видов, вернее общие для пары видов и которые 
в дальнейшем дают диагностическую оценку для отдельных видов. Как и ожидалось на 
основе морфо-таксономических исследований G. cruciata  и G. pneum onan the  похожи по 
анатомическому строению стебля, a G. asclepiadea и pneum onanthe  по анатомии листа. Это 
хорошо обосновывает обсуждение таксономии этих трех видов.

VARGAMYCES -  НОВЫЙ РОД (HYPHOMYCETES), ЖИВУЩИЙ НА ПОДВОДНЫХ 
ГНИЮЩИХ РАСТИТЕЛЬНЫХ ОСТАТКАХ 

ш. тот

Статья включает в себя описание вида и типа рода Vargamyces nov. gen. из 
H yphom ycetes. Единственный вид нового рода обитает в водных и полуводяных биотопах.



АНАТОМИЯ ЦВЕТУЩЕГО CORYDALIS BULBOSA (L) PERZ. 
И ЛОКАЛИЗАЦИЯ АЛКАЛОИДОВ

П. Г. В Е Р З А Р  и П . Т . М ИН Х О А Н Г

Авторы изучали и дали характеристику тканей клубня, стеля, листьев, цветов, а 
также зеленого и зрелого плода C o r y d a lis  b u lb o sn . Было определено, что имеются группы, 
состоящие из одной, а также 3 4 клеток из которых образованы собиратели выделений, 
очень характерные. В клубне имеются паренхиматические элементы, которые содержат 
много крахмала. Для стебля характерны коллатеральные пучки. У листьев ,можно 
выделить групповые жидатоды. Для внутренней стенки стенки плода характерны обра­
зование напил. Гистохимические исследования показали на локализацию алкалоидов в 
стенке клетки, между клетками и в собирателях выделений.





T he A c ta  B o ta n ic a  publish  p a p ers  on  b o tan ic a l su b je c ts  in E ng lish , F re n c h , G erm aD , 
S p an ish  an d  R u ss ia n ,

T he A c ta  B o ta n ic a  ap p ear in p a r ts  o f v a ry in g  size, m ak in g  up volum es.

M an u scrip ts  sh o u ld  be ad dressed  to :

A c ta  B o ta n ic a , B u d a p e s t  50 2 , P o s ta fió k  24 .

C orrespondence w ith  th e  ed ito rs  a n d  pu b lish ers sho u ld  be sen t to  th e  sam e  address . 
S u b sc rip tio n  ra te :  $ 36.00 a vo lu m e.
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vo lum es.
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