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A cta  Botanica H ungarica  32 ( 1 -4 ) ,  p p . 3 -4 8  (1986)

THE PHYTOGEOGRAPHIC SURVEY OF CUBA
IL  FL O R IS T IC  R E L A T IO N S H IP S  A N D  P H Y T O G E O G R A P H IC  S U B D IV IS IO N

A. B o R H I D I  and 0 . M U N IZ

IN STITU TE O F ECOLOGY AND BO TA NY , H UNGARIAN ACADEM Y OF SCIENCES, 
H-2163 VÁCRÁTÓT, HUNGARY

G EO G RA PH ICA L IN STITU TE O F  T H E  ACADEMY OF SCIEN CES OF CUBA, 
CIUDAD HABANA, VEDADO

(R eceived : 10 O ctober 1984)

In  th e  f i r s t  p a r t  (A cta B o t. H ung . 31: 1-37, 1985) th e  m ain  ch arac te ris tics  and  
the  h istorical su rv e y  of the  C uban  flo ra  were discussed. T he second p a r t  deals w ith  the  
p h y togeograph ica l place of C uba in  th e  N eotropical f lo ra  an d  w ith  its  flo ris tic  re la tio n s 
to  th e  o th er f lo ra s  o f th e  G reate r A n tilles. A uthors consider Cuba as a sep ara te  p h y to - 
geographic p ro v in ce  w ith in  th e  A n tille an  subreg ion  of th e  C aribbean  region. The 
phy to g eo g rap h ic  p rov ince of C uba can  be su b d iv ided  in to  th ree  subprovinces, nine 
sectors and 36 flo ris tic  d istric ts. E a c h  of the  flo ris tic  u n its  are  ch aracterized  by  de­
scribing th e ir  geographical, c lim ato log ical, flo ristic  an d  geobotan ica l features.

The geobotanical status o f Cuba

Good’s p h y to g eo g rap h ic  reg ionaliza tion  o f th e  C aribbean

Cuba belongs to  th e  N eotrop ical flo ris tic  k ingdom  w hose phy to g eo g rap h ic  subdiv ision  
is due to  G o o d  (1954) a n d , m ore re c e n tly , T a k h t a d j a n  (1970). A ccording to these  au th o rs , 
th e  N eotropical k in g d o m  has been d iv id ed  in to  seven flo ris tic  reg ions and  is ch aracte rized  by  
32 endem ic p lan t fam ilie s  10 of w hich occu r in  Cuba. T hese are : M arcgraviaceae, B ixaceae, 
C ochlosperm aceae, B runelliaceae, P ic ro d en d raceae , C alyceraceae, B rom eliaceae, C yclan tha- 
ceae, H eliconiaceae a n d  C annaceae. T h e  C aribbean  flo ristic  reg io n  has been d iv ided in to  four 
p rov inces: 1. S o u th e rn  C alifornia-M exico , 2. C aribbean, 3. G u a te m a la -P a n a m a , and  4. N o rth  
C o lom bia-N orth  V enezuela . Cuba, as a  sep ara te  subprov ince, belongs to  th e  C aribbean  
prov ince.

A new  p roposal for th e  p h y to geograph ic  reg ionaliza tion  
of th e  C aribbean  area

In  the  a u th o r’s op in ion  th e  ab o v e  m entioned  p h y to g eo g rap h ic  c lassification  does n o t 
re fle c t correctly  th e  e v o lu tio n ary  h is to ry  a n d  th e  p resen t flo ris tic  conditions of th e  C aribbean. 
I n  add itio n , the  early  iso la tion  of th e  A n tilles and th e  rich  endem ic flo ra  of th e  arch ipelago  
are  n o t considered sa tis fac to rily . For th e se  reasons i t  seems ju s tif ie d  to  m ake a d is tin c tio n  
b e tw een  two equally  im p o r ta n t  sub-reg ions, co n tinen ta l an d  A n tillean , w ith in  th e  C aribbean  
flo ris tic  region and , fu r th e r ,  to  m odify  th e  reg ionalization  as follow s (see Fig. 29).

1 * A c ta  B otanica H ungarica  32, 1986  
A k a d ém ia i K iadó, B u dapest
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Fig. 29. P hytogeographic  su b d iv is io n  of th e  C aribbean  flo ris tic  region acco rd ing  to  B o rh id i
(1973)

I. M ex ican—V enezuelan  sub-region
P ro v in ces : 1. B a ja  C alifornia— Mexico

2. G u a tem ala— P an am a
3. N o rth -C o lum bia— N orth-V enezuela  
Sub-prov inces: A: M ainland area

B: T rin id ad  and  Tobago
II . A n tille an  sub-region

P ro v in ces : 1. S ou th -F lo rid a , B aham as, B erm uda
2. Cuba
Sub-provinces: A: W este rn  Cuba 

B: C entral Cuba 
C: E a s te rn  Cuba

3. Jam aica
4. H ispaniola
5. P o rto  Rico
6. Lesser A ntilles

N E O T R O P IC A L  K IN G D O M  (32 endem ic fam ilies)

Caribbean region (2 en d em ic  fam ilies, G oetzeaceae and  P locosperm ataceae , and  
m o re  th a n  500 endem ic genera).

A) M exican-V enezuelan  sub-reg ion  (a single endem ic fam ily , P lo co sp erm ata ­
ceae, an d  app ro x im ate ly  200 endem ic genera)

P ro v in ce :

1. B a ja —California-M exico
2. G u a tem a la -P a n am a
3. N o r th  C olom bia-N orth  V enezuela  (incl. T rin id ad  an d  Tobago)

B) A n tillean  sub-region (a  single endem ic fam ily , G oetzeaceae, an d  ab o u t 200 
en d em ic  genera and 7500 endem ic species)

P ro v in ces :

1. S o u th  F lo r id a -B a h am a s-B e rm u d a  (7 % , 10%  and  8%  endem ics, re sp ec tive ly )
2. C uba  (51 .4%  endem ics, 74 endem ic  genera and  a p p ro x im ate ly  3000 endem ic species)

Acta Botanica Hungarica 32, 1986
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3. Ja m a ica  (20 -22%  endem ics, 8 endem ic genera)
4. H ispan io la  (39 .2%  endem ics, 36 endem ic genera , 1797 endem ic species)
5. P u e rto  Rico (13%  endem ics, 2 endem ic genera)
6. L esser A ntilles (1 0 -1 2 %  endem ics)

R ela tionsh ips w ith in  th e  flo ra  of th e  W est Ind ies

In  th e  p ap er on  th e  v eg eta tio n  of th e  A ntilles b y  H ow ard  (1973) in  fa c t th e  re la tio n ­
ships be tw een  the  flo ra  o f th e  islands an d  th e  d is tr ib u tio n  p a tte rn s  o f  p la n ts , r a th e r  th a n  th e  
v eg e ta tio n , are discussed . In  H o w ard’s v iew s th e  geobotan ica l re la tio n sh ip  be tw een  th e  
co n tin e n t an d  th e  islan d s should be e v a lu a te d  on  th e  basis o f  genera , r a th e r  th a n  species. 
T he re su lts  of th is analysis are p resen ted  in  30 tab le s  w here only those  genera  are  lis ted  w hich 
w ere considered  by  H o w ard  as being  free fro m  tax o n o m ic  p rob lem s. B ased  on  th is  analysis 
th e  follow ing s ta te m en ts  w ere m ade.

In  th e  A ntilles several endem ic genera  are re s tr ic te d  to  one or tw o islands and  th ere  
a re  on ly  tw o endem ic gen era  w ith  m ore th a n  20 species.

P icrodendraceae , includ ing  a single genus an d  th ree  species, is th e  on ly  fam ily  restric ted  
to  th e  A ntilles in  d is tr ib u tio n .

T he flo ra  o f th e  G rea te r A ntilles has several genera in  com m on w ith  C entra l A m erica 
w hich  are o therw ise  a b se n t from  th e  L esser A ntilles. C ontraryw ise, th e  L esser A ntilles have 
several S o u th  A m erican  genera th a t  are m issing  from  th e  G rea te r A ntilles.

T able  1

W est In d ia n  genera m issing in  Central and South Am erica  
and genera o f  West In d ia n  evolution center represented only  

by a few  species in  the Am erican continent (*)

Borrichia  (Com positae) 1 species
Calycogonium  (M elastom ataceae) 33 species
Catesbaea (R ubiaceae) 20 species
Charianthus (M elastom ataceae) 2 species
Coccothrinax* (Palm ae) 45 species (2 in Y u c a ta n  and  F d a)
Consolea (Cactaceae) 14 species 
Ernodea  (R ubiaceae) 3 species 
Gesneria (Gesneriaceae) 55 species 
Gundlachia  (Com positae) 10 species 
H ypelate  (Sapindaceae) 1 species 
M etopium  (A nacardiaceae) 3 species 
Neolaugeria  (R ubiaceae) 5 species
Oplonia (A canthaceae) 20 species (2 in  Peru  and  3 in  M adagascar)
Oxandra  (L auraceae) 2 species 
Petitia  (V erbenaceae) 2 species 
Reynosia*  (R ham naceae) 18 species (1 in  CA)
R hytidophyllum *  (G esneriaceae) 21 species (1 in  SA)
Rochefortia* (B oraginaceae) 12 species (1 in  CA and  SA)
Rondeletia* (R ubiaceae) 130 species, only 3 in  CA (?)
Sarcom phalus1 (R ham naceae) 12 species 
Scolosanthus (R ubiaceae) 22 species 
S tru m p f ia  (R ubiaceae) 1 species 
Tetrazygia  (M elastom ataceae) 15 species 
Tetrazygiopsis (M elastom ataceae) 13 species 
T h rinax  (Palm ae) 5 species 
W allenia* (M yrsinaceae) 26 species (2 in  CA)

1 I  prefer m a in ta in  Sarcom phalus  as a sep ara te  genus, because  of its  ty p e  of p lacen ta­
tio n  com pletely d ifferen t fro m  th a t  o f Z izy p h u s  (see Ven t  1982).
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H ow ard’s s tu d y  suggests th a t  th e  flo ra  o f th e  W est In d ies is n o t un iform  and  its 
d ev elo p m en t is n o t co m p le te ly  in d ep en d en t, since in n er d isju n ctio n s a re  m ore ch arac te ris tic  
th a n  close re la tionsh ips. T h is  idea has been  m anifested  in  K lotz’s (1978) w ork  in  w hich a 
n o r th e rn  C aribbean su b reg io n  is d istingu ished  w ith in  th e  C aribbean  flo ris tic  reg ion  by  ex clu d ­
ing  th e  Lesser A ntilles. W ith in  th is  sub-reg ion  a G reater A n tille an  p rov ince  is delim ited .

T he reg ionalization  co n cep t described  above was developed  (B o r h id i 1973) in  th e  
y e a r  o f H ow ard’s p u b lic a tio n  an d  th e  s tu d ies  carried  o u t since th e n  a p p ea r to  su p p o rt th e  
a u th o r ’s early  view. In  th e  m ean tim e , th e  P icrodendraceae  fam ily , considered  earlier as being 
endem ic  to th is area , w as in co rp o ra ted  in to  E u p h orb iaceae, w hereas th e  fam ily  s ta tu s  of 
G oetzeaceae was resto red  (A ir y  Sh aw  1965, H u n z ik e r  1979, F u e n t e s  1982). The la t te r  
fam ily  com prises four g en era , all endem ic to  th e  A ntilles. Several new  genera  were described 
fro m  th e  A ntillean  area  (B o r h id i 1973, 1977, 1981, 1982, A ie l l o  1979, A. H . L io g ie r  1981) 
an d  new  species of W est In d ia n  genera  w ere discovered . Follow ing H o w a rd ’s p ioneer stud ies, 
som e problem s concerning th e  flo ristical re la tio n sh ip s betw een  th e  L esser an d  G reate r A ntilles 
w ere clarified. Also, th e  p resence of som e S o u th  A m erican  genera in  th e  Lesser A ntilles tu rn ed  
o u t  to  be the  resu lt of seco n d ary  in tro d u c tio n  (H oward  1982, in litt .) .

Table 2

Genera endemic to the Greater A ntilles and mostly occurring 
in  the Baham as as well

Auerodendron  (R ham naceae) C ,J,B , 8 species 
B o n a n ia  (E uphorb iaceae) C ,H ,B, 8 species 
Grimmeodendron  (E uphorb iaceae) C ,J,H ,B , 2 species 
Lasiocroton  (E uphorb iaceae) C ,H ,J ,B , 4 species 
Leptocereus (C actaceae) C ,H ,J ,P R , 14 species 
N a sh ia  (V erbenaceae) C ,H ,B , 6 species 
Neobracea (A pocynaceae) C,B, 8 species 
N eothym opsis  (C om positae) C,B, 2 species 
P hialanthus  (R ubiaceae) C ,J ,P R ,B , 18 species 
Picrodendron  (E uphorb iaceae) C ,J,H ,B , 3 species 
Pseudocarpidium  (V erbenaceae) C ,H ,B , 8 species 
Sachsia  (Com positae) C ,H ,J ,P R ,B ,F d a , 2 species 
Spathelia  (R u taceae) C ,J,B , 16 species 
Tetranthus  (Com positae) H ,B , 2 species 
Triopteris  (M alpighiaceae) C ,J,H ,B , 5 species

Table 3

Genera endemic to Cuba, Jam aica and H ispaniola

Acidocroton (E uphorb iaceae) 10 species 
Broughtonia  (O rchidaceae) 2 species 
B rya  (Fabaceae) 12 species 
Cameraria  (A pocynaceae) 6 species 
Gyrotaenia (U rticaceae) 5 species 
H aenianthus  (Oleaceae) 4 species 
Lagetta  (Thym elaeaceae) 5 species

Table 4

Genera endemic to Cuba, H ispaniola  
and Porto Rico

D itta  (E uphorb iaceae) 2 species 
Ottoschulzia (Icacinaceae) 3 species 
Torralbasia (C elastraceae) 2 species
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In  th e  sequel som e tab les will sum m arize  th e  genera whose d is trib u tio n  is confined  to  
th e  W est In d ia n  subreg ion  (sensu B o r h id i). In  a d d itio n , genera  hav in g  th e  ev o lu tio n ary  
cen tre  in  th e  W est In d ies b u t also rep resen ted  by  as few as 1 -2  species in  th e  S o u th  or C en tra l 
A m erican  co n tin e n t are  listed , these are in d ica ted  by  an  aste risk  (Table 1).

Table 5

Genera endemic to Cuba and H ispaniola

Ampelocera (U lm aceae) 2 species 
Barleriola (A canthaceae) 5 species 
Bellonia  (A canthaceae) 2 species 
Bisgoeppertia  (G entianaceae) 2 species 
Chascotheca (E uphorbiaceae) 1 species 
Copernicia* (Palm ae) 29 species (3 in  SA)
Cubanola (R ubiaceae) 1 species
Cubanthus (E uphorbiaceae) 3 species
E km anianthe  (B ignoniaceae) 2 species
Fuertesiella (O rchidaceae) 2 species
Isidorea (R ubiaceae) 20 species
Lantanopsis (Com positae) 3 species
Leucocroton (E uphorbiaceae) 27 species
Macrocarpaea (G entianaceae) 2 species
M argaritopsis (R ubiaceae) 3 species
M ozartia  (M yrtaceae) 9 species
Neoregnellia (S terculiaceae) 1 species
Ottoschmidtia (R ubiaceae) 1 species
Pachyanthus*  (M elastom ataceae) 24 species (1 in SA?)
Peratanthe (R ubiaceae) 2 species
Picardaea (R ubiaceae) 2 species
Pinillosia  (Com positae) 1 species
Plethadenia (R utaceae) 2 species
Saugetia (G ram ineae) 2 species
Scutachne (G ram ineae) 2 species
Spirotecoma (B ignoniaceae) 5 species
Suberanthus (R ubiaceae) 7 species
Thogsennia (R ubiaceae) 1 species
Verhuellia (Piperaceae) 3 species
Victorinia (E uphorb iaceae) 1 species

Table 6

Genera endemic to Cuba and Jam aica

Acrosynanthus (R ubiaceae) 7 species 
Calyptronoma (Palm ae) 5 species 
Cheilophyllum  (Scrophulariaceae) 8 species 
Cionosicyos (C ucurbitaceae) 1 species 
Dinem a  (O rchidaceae) 2 species 
Homalopetalum  (O rchidaceae) 1 species 
Neo-Urbania  (O rchidaceae) 2 species 
Pheidonocarpa (Gesneriaceae) 2 species 
Strempeliopsis (A pocynaceae) 2 species 
Urbananthus (Com positae) 2 species

Table 7

Genera endemic to Cuba and Porto Rico 

Gaussia (Palm ae) 2 species
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I n  sum m ary , n o t  less th a n  27 flow ering  p la n t  genera  are considered as be ing  endem ic 
to , o r h av in g  th e  e v o lu tio n a ry  cen tre  in  th e  W est In d ies . T hese genera are rep re sen ted  b y  a 
to ta l  o f 500 species, a p p ro x im ate ly .

T he nu m b er o f endem ic  genera  com m on in  th e  G rea te r A ntilles is 15, m o st o f those  
o ccurring  in th e  B ah am as as w ell (Table 2). T h ey  in clu d e  m ore th a n  100 species. T h is figure  
show s th a t  th e  flo ra  o f B a h am as  is closely re la te d  to  t h a t  o f th e  G reate r A ntilles, in  p a r ticu la r , 
o f H ispan io la . The flo ris tic  re la tio n sh ip s am ong th e  is lands o f W est Ind ies are best illu s tra ted  
b y  ex am in in g  th e  n u m b er o f  endem ic genera  fo u n d  on ly  in  th e  com bination  of th ree , or tw o 
islan d s o r in a single island .

Table 8

Genera endemic to H ispaniola  
and Porto Rico

Goetzea (Goetzeaceae) 1 species 
Piptocoma  (Com positae) 1 species 
Pleodendron (Canellaceae) 1 species 
Stahlia  (Legum inosae) 1 species

Table 9

Genera endemic to H ispaniola

Anacaona  (C ucurbitaceae) 1 species 
Arcoa  (Caesalpiniaceae) 2 species 
Casabitoa (E uphorbiaceae) 1 species 
Coeloneurum  (Goetzeaceae) 1 species 
Cryptorhiza  (M yrtaceae) 1 species 
E km aniocharis  (M elastom ataceae) 1 species 
E upa torina  (Com positae) 1 species 
Fuertesia  (Loasaceae) 1 species 
H a itia  (L ythraceae) 1 species 
Herodotia (Com positae) 1 species 
Hottea  (M yrtaceae) 4 species 
Leptogonum  (Polygonaceae) 2 species 
M anekia  (P iperaceae) 1 species 
M attfeld ia  (Com positae) 1 species 
M om m senia  (M elastom ataceae) 1 species 
N arvalina  (Com positae) 1 species 
Neoabbottia (Cactaceae) 2 species 
Neobuchia  (B om bacaceae) 1 species 
Pedinopetalum  (U m belliferae) 1 species 
Penelopeia  (C ucurbitaceae) 1 species 
Poitea  (Fabaceae) 5 species 
P riam osia  (F lacourtiaceae) 1 species 
Pterocissus (V itaceae) 1 species 
Rhodopis (Fabaceae) 1 species 
Sam uelssonia  (A canthaceae) 2 species 
Sarcopilea  (U rticaceae) 1 species 
Selleola (C aryophyllaceae) 1 species 
Selleophytum  (Com positae) 3 species 
Stevensia  (R ubiaceae) 6 species 
Theophrasta  (T heophrastaceae) 2 species 
Tortuella  (R ubiaceae) 1 species 
Ulbrichia (M alvaceae) 1 species 
Vegaea (M yrsinaceae) 1 species 
W unschm annia  (B ignoniaceae) 1 species 
X im en io p sis  (Olacaceae) 1 species 
Zom bia  (Palm ae) 1 species
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Table 10

Genera endemic to Jam aica

Acanthodesmos (C om positae) 1 species 
Dendrocousinia (E uphorb iaceae) 3 species 
Jacaim a  (A sclepiadaceae) 2 species 
Jacm aia  (C om positae) 1 species 
Odontocline (C om positae) 6 species 
Portlandia (R ubiaceae) 6 species 
Salpixantha  (A canthaceae) 1 species 
Tetrasiphon  (C elastraceae) 1 species

Table 11

Genera endemic to Porto Rico

Cybianthopsis (M yrsinaceae) 1 species 
Rudolphia  (L egum inosae) 1 species

T he im p o rtan ce  of in su larity  in  ev o lu tio n  is em phasized  b y  th e  fa c t th a t  th e  n u m b e r 
o f endem ics occurring  in  th ree  islands is low er th a n  th a t  in tw o islands. T his n u m b er is th e  
h ighest for th e  single islands. W hen  C uba , Jam aica  an d  H ispan io la  a re  v iew ed to g e th e r  
7 endem ic genera  w ith  44 species re su lt (T ab le  3). C uba, H ispan io la  and  P u e rto  Rico to g e th e r  
possess 3 endem ic genera w ith  7 species, so th e  to ta l  is 10 genera w ith  51 species (T able 4).

I f  pairw ise com binations are ta k e n , th e  follow ing figures are o b ta in ed : C uba a n d  
H isp an io la  hav e  in  com m on 30 endem ic genera  w ith  168 species (Table 5). C uba and  Ja m a ic a  
have  10 genera  w ith  32 species (Table 6). T here  is only a single genus w ith  tw o species com m on, 
to  Cuba and  P u e rto  R ico (Table 7). H isp an io la  and P u e rto  R ico h av e  in  com m on fo u r species, 
each  re p re sen tin g  a d ifferen t genus (T ab le  8). T he to ta ls  are 45 a n d  206, re sp ec tiv e ly , for 
genera  an d  species.

F in a lly , th e  nu m b er of genera confined  to  one island  is 121 a lto g e th e r (237 species) 
(T ables 9, 10, 11). The num ber of species p e r  endem ic genus is 2.27 in  C uba, 1.4 in H isp an io la ,

Table 12

Genera endemic to Cuba — with indication o f  edaphic conditions

N um ber Lime_ Slate Silic. Serpen- O ther
stone sand- sand tine rocks

species stone

A cunaeanthus  (R ubiaceae) 1
Adenoa  (T urneraceae) 1
A m phio lan thus  (Scrophulariaceae) 3
A ncistranthus  (A canthaceae) 1
A n tiilia  (C om positae) 1
A riadne  (R ubiaceae) 2
A sciad ium  (U m belliferae) 1
Behaim ia  (F abaceae) 2
B elairia  (Fabaceae) 6
B em bicidium  (Fabaceae) 1
Caribaea (N yctag inaceae) 1
Ceratopyxis (R ubiaceae) 1
Ceuthocarpus (R ubiaceae) 1
Chaetium  (G ram ineae) 1
Ciceronia (C om positae) 1
Cubacroton (E uphorbiaceae) l
D asytropis (A canthaceae) 1

— — — 1
1

—

1
+

+
 1

1 +

+

- -
2

+

+
1

+ +
3
1
1

1 1 1 +

~
 

1 +
 !

- - 1

1
—

1 — — —
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Table 12 (con tinued)

Number
of

species
Lime­
stone

Slate
sand­
stone

Silic.
sand

Serpen­
tine

Other
rocks

Dendrocereus (Cactaceae) l l _ _
Doerpfeldia  (R ham naceae) l l — — — —
E km a n ia  (Compositae) l l — — — —
Ekmanochloa  (G ram ineae) 2 — — — 2 —
Encopella  (Scrophulariaceae) 1 — — + — +
Eosanthe (A canthaceae) 1 — — — 1 —
Espadaea  (Goetzeaceae) 1 + + — + +
E uchorium  (Sapindaceae) 1 l — — — —
E uleria  (A nacardiaceae) 1 i — — — —
Feddea (Compositae) 1 — — — 1 —
Gastrococos (Palm ae) 1 + — — + -f
Goerziella (A m aranthaceae) 1 l — — — —

Grisebachianthus (C om positae) 7 2 — — 5 —

Ila rnackia  (Com positae) 1 — — — 1 —
Hebestigma (Fabaceae) 1 + + + + -j-
H em ithrinax  (Palm ae) 3 2 — — 1 —

Henleophytum  (M alpighiaceae) 1 + — — + —

H enoonia  (Goetzeaceae) 1 + — — -j- —
H eptanthus (Com positae) 7 1 l l 4 —
H erpyza  (Fabaceae) 1 — + + — —
Kodalyodendron (R u taceae) 1 — — — 1 —
Koehneola (Com positae) 1 — — — 1 —
K rokia  s. 1. (M yrtaceae) 11 2 — — 8 l
Lachnorrhiza  (Com positae) 1 — + + -f- —
Lep turid ium  (G ram ineae) 1 — — l — —
Lescaillea  (Compositae) 1 — — — 1 —
Linodendron  (T hym elaeaceae) 3 — — — 2 l
M egalopanax  (Araliaceae) 1 1 — — — —
M icrocycas (Cycadaceae) 1 -f- + — — —
M niochloa  (Gram ineae) 2 + + — + +
Moacroton (E uphorbiaceae) 7 — — — 7 —
Neomazaea (R ubiaceae) 1 — — — 1 —
Nodocarpaea (R ubiaceae) 1 — — l — —
Notodon  (Fabaceae) 4 2 — — 2 —
P hania  (Compositae) 2 + + — 1 —

P hid iasia  (A canthaceae) 1 — — — 1 —
Phyllacanthus (R ubiaceae) 1 — — — 1 —
Phyllomelia  (R ubiaceae) 1 — — — 1 —
P inosia  (C aryophyllaceae) 2 1 — l — —
Platygyne  (Euphorbiaceae) 7 1 l l 4 2
Rhodogeron (Compositae) 1 — — — — 1
Roigella  (Rubiaceae) 1 — + + + —
Sapphoa  (Acanthaceae) 2 — — — 2 —
Sauvallella  (Fabaceae) 1 — — — 1 —
Schmidtottia  (R ubiaceae) 16 — — — 16 —

Shafera  (Compositae) 1 — — — 1 —
Shaferocharis (R ubiaceae) 3 — — — 3 —

Siem ensia  (Rubiaceae) 1 1 — — — —

Solonia  (M yrsinaceae) 1 — — — — 1

Spaniopappus  (Com positae) 5 1 — — 3 1

S ynapsis  (Bignoniaceae) 1 1 — — — —

Tetralix  (Tiliaceae) 5 — — — 5 —

Tetraperone (Compositae) 1 — l — — —

Triscenia  (Gramineae) 1 + — — ~ r - j -

Woehleria (A m aranthaceae) 1 — — — ‘
Zonanthus (G entianaceae) 1 и ? ) — — — —
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2.12 in Ja m a ica  an d  1 in  P u erto  Rico. T h is ra tio  is 5.6 for C uba an d  H ispan io la  ta k e n  to g eth e r, 
3.2 for th e  p a ir  o f C uba and  Ja m aica , 2 fo r Cuba and P u e rto  R ico , an d  1 fo r H ispan io la  and  
P u erto  Rico.

The geobotanical subdivision o f Cuba

T hree  p roposals for th e  geobo tan ica l subdivision of C uba have  been published . L eón  
(1946) m akes a d is tin c tio n  am ong th ree  flo ris tic  sectors and  9 d is tr ic ts  an d  give a sh o rt descrip ­
tio n  of th e  flora an d  v eg eta tio n  of each. V oronov (1970) also d istingu ishes 3 sectors w ith in  
w hich  11 d is tric ts  p lus 5 su b -d istric ts  a re  d ifferen tia ted  w ith o u t d e ta iled  ch arac te riza tio n . 
Sa m ek  (1973) e lab o ra ted  th e  f irs t  com prehensive  p h y to g eo g rap h ic  reg io n a liza tio n  of Cuba 
d istingu ish ing  3 sec to rs , 7 subsectors an d  39 d istric ts and  recognizing  som e of th e  m ain  c h a r­
ac te ris tic s  of th e  C uban  flo ra. The reg io n a lizatio n  p resen ted  here  is based  on th e  geographical 
geological and  soil cond itions and th e  f lo ra  and v eg eta tion , g iv ing  equal w eigh t to  each . A s a 
re su lt, th e  suggested  geobotan ical sy s te m  distinguishes 3 su b -p rov inces, 9 sec to rs a n d  36 
flo ris tic  d is tric ts  (see B o r h id i e t Mu n iz  in  B o rh id i 1973)

S U B -P R O V IN C E  A: W E S T E R N  CUBA (O C C ID EN TO -C U B A N IC U M )
(Fig. 30)

T he w estern  p a r t  of Cuba to  B a h ia  H onda, to  C ayajahos, R iver San J u a n  and  L aguna  
de P ied ras th e  so u th e rn  sw am py coast o f  th e  H abana  p rov ince  and  th e  en tire  Isla  de P inos 
an d  th e  Z ap a ta  p en in su la  plus th e  a d ja c e n t m arsh land  belong to  th is  category . The geological 
and  soil conditions a re  h ighly  v a ried , th e  landscape is ch a rac te rized  b y  m o u n ta in s o f m edium

Fig. 30. T h e  phy to g eo g rap h ic  subdivision  of th e  W est-C u b an  sub-prov ince

A .l. Sector: P eninsularicum
A. 1.1. D istrict: Guanahacabibense
A .1.2. D istrict: Sudpineroénse
A .1.3. D istrict: Zapatense

A .2. Sector: P inaricum
A .2.1. D istrict: Sabaloënse
A .2.2. D istrict: Indiosense
A .2.3. D istrict: Pinarense
A .2.4. D istric t: Geronense

A.3. Sector: Rosaricum
A .3.1. D istric t: Vinalense
A .3.2. D istrict: Cajalbanense
A .3.3. D istrict: Rosariense
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h e ig h t, san d y  plains, lagoons, m arshes, f la t  an d  conical k a rs ts . 16 endem ic genera  an d  approx­
im a te ly  500 endem ic species occur. Im p o r ta n t  featu res o f th e  flo ra  are th e  h igh  p ro p o rtio n  of 
e lem en ts  from  F lorida, so u th w e ste rn  USA an d  th e  n o rth e rn  areas, as well as th e  occurrence 
o f M exico — Y u catan  e lem en ts. Several genera , such  as B efaria , K a lm ie lla , Chaetolepis, Rhexia, 
P ieris , Syngonanthus, X y r is  a n d  Eriocaulon  (w ith  one species excep tion ) do n o t  occur elsewhere 
in  C uba. Coniferous fo rests o f f la t  and  rolling  countries and  tro p ica l k a rs tic  fo res ts are the  
p re d o m in a n t and ch arac te ris tic  v eg e ta tio n  ty pes. Sw am ps, m arshes an d , on  th e  f la t  karsts, 
sem i-deciduous and d ry  ev erg reen  forests also cover ex tensive  a reas (F ig . 30).

Sector А .1 .:  Karstic p en in su la s  (P eninsu laricum )

G uanahacabibes, so u th e rn  Isla  de P inos an d  Z ap a ta , th e  th ree  sp a tia lly  iso la ted  pen ­
in su las  th a t  comprise th is  sec to r, h av e  sim ilar geological p a s t, v eg e ta tio n  a n d  a re la tively  
m o n o to n o u s  flora poor in  endem ics. These lands form ed a com m on shoreline a t  th e  end of 
th e  P liocene. This land  c o n ta c t has been  reflec ted  by  th e  sim ila rity  be tw een  th e  fo rest and 
sh ru b  vegeta tio n  of m arshes a n d  f la t  k a rsts . T he re la tio n sh ip  be tw een  th e  f lo ra  o f G uana­
h a ca b ib e s  peninsula and  Is la  de P inos is b e s t show n b y  th e  presence of som e com m on  endem ics 
(E ry throxy lon  roigii, A llo p h y lu s roigii) and  ra re  flo ris tic  e lem ents, e.g., B a u h in ia  jenn ingsii 
w h ich  is also p resent in C en tra l A m erica, and  Diospyros tetrasperma, also occurring  in  Jam aica . 
T h e  f lo ra  of Z apata  p en in su la  includes som e elem ents com m on w ith  G u an ahacab ibes , as 
C issus form osa, Pontederia lanceolata and  H eliotropium  antillarum .

D is tr ic t  А .1.1.: G u an ah acab ib es  pen insu la  (G uanahacab ibense)

a. Geography: F la t k a rsts  com posed  coral lim estone o rig in a ted  from  neritic  m ed iu m  of the  
Q u a te rn a ry . Shallow fe rra litic  soils.
b. Climate: Seasonal tro p ical c lim a te  w ith  5 -6  a rid  m on ths, ten d in g  to  be b ixeric  in  th e  east.
c. Flora: A single endem ic genus, Goerziella, occurs. Im p o r ta n t  endem ic species a re  H arrisia  
taetra, P ip er guanahacabibense, Galactia acunana, Callicarpa roigii, V itex acunae, V. guanahaca- 
bibensis, Serjania occidentalis, a n d  Tabebuia capotei. D iospyros an isandra, Forchham m eria tri- 
fo lia ta  a n d  B um elia retusa o rig in a te  p ro b ab ly  from  th e  Y u c a ta n  p en in su la  reach in g  only this 
p a r t  o f Cuba.
d. Vegetation: M angrove o n  th e  p e a ty  silt deposits on th e  n o rth e rn  shore. D ry  evergreen 
sh ru b w o o d s on th e  rocky so u th e rn  shore. In  th e  in n er p a r t  o f th e  p en insu la  sem ideciduous 
fo re s ts  p redom inate .

D is tr ic t  А .1.2.: S ou thern  Isle  of Y o u th  (Isla  de la  Ju v e n tu d )  (S udpineroënse)

a. Geography: M arine lim estone  deposited  in  th e  Neogene Shallow  tro p ica l b ro w n  soils in the 
w est, h u m ic  carbonated  sk e le ta l soils in  th e  east.
b. Climate: Sem iarid m onsoon w ith  5 -6  d ry  m o n th s , ten d in g  to be b ixeric  in  th e  w est. Annual 
p re c ip ita tio n  is 1200-1600 m m .
c. Flora: One exclusive endem ic is P hia lan thus bissei. The area  is ch arac te rized  b y  th e  endem ics 
o f w e s te rn  and  n o rthern  C uba, as A llophylus roigii (com m on w ith  th e  G uan ah acab ib es P en­
in su la )  a n d  Neobracea angustifo lia , e tc. (Fig. 9).
d. V egetation: M angrove an d  sw am p forests an d  reed  v eg eta tio n  in  th e  L an ier Sw am ps in 
th e  n o r th . In  th e  west sem i-deciduous fo rests, in  th e  east d ry  evergreen  forests p redom inate . 
K a rs tic  lagoons are com m only  found . An in te res tin g  s ta n d  of P in u s caribaea on  lim estone 
grow s n e a r  Cayo P iedra, in  a  r a th e r  com plete  co m m unity  o f pine forest.
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F ig. 31. G eograph ical d is tr ib u tio n  of F ra x in u s caroliniana  ssp. cubensis 
(a fte r Sa m e k  1973, m odified)

D istric t А .1.З.: Z a p a ta  peninsula (Z ap a ten se )

T he Z ap a ta  p en in su la , th e  H a tig u a n ico  r iv e r basin an d  th e  su rrounding  sw am ps, 
L aguna del tesoro , th e  e as te rn  m arch lands of Z ap a ta , the  k a rs tic  low land and  th e  m arsh y  
m angrove  coast o f so u th e rn  H ab an a  p rov ince  to  M ajana belong to  th is  d istric t.
a . G eography: Y oung, m a in ly  p ea ty  and  b oggy  a rea s w ith  a N eogene lim estone ridge of N W - 
SE  d irec tion  in  th e  m idd le . Occasinally, f la t la n d  k a rs ts , d issected  by  lagoons, w ith  shallow , 
hum ic c a rb o n a te d  soils.
b. C lim ate: Seasonal, d ry  in  th e  w inter. 5 -6  d ry  m o n th s , 1200-1700 m m  ann u al p re c ip ita tio n .
c. F lo ra : V ery  few exclusive  endem ics (A cacia  zapatensis, Phoradendron zapatanum , C alyptran- 
thes pen insu laris). B ucida  palustris  is a co m m o n  endem ic to  S -Isle  of Y o u th . F u rth e rm o re , 
som e species also o ccurring  in the  sw am p s of F lorida  an d  V irginia, e.g., F ra x in u s  
caroliniana  ssp. cubensis (Fig. 31), V allisneria  neotropicalis (Ma r ie -Victorin  1944) an d  
Polygala carteri, a re  ch aracte ris tic .
d. V egeta tion : E x ten siv e  m angrove and sw am p  v eg e ta tio n , a llu v ia l fo rests and derived  Sabal 
sav an n as on  th e  n o rth e rn  edge. Sem i-deciduous fo rests, d ry  everg reen  forests and p a tch es of 
sh rubw oods occur on th e  karsts .

Sector A .2 .:  The f la tla n d  and hill-country o f  P inar del R io  Province and North  
o f Isle o f  P ines  (actually Isle o f You th )  (P in a ricu m )

T his sector com prises th e  n o rth e rn  Isle  o f P ines (Isla  de la  Ju v e n tu d )  and  th e  p rov ince  
of P in a r del R io, ex c lu d in g  Sierra del R o sa rio , th e  m ogotes of S ierra  del los O rganos an d  th e  
se rpen tine  a rea  o f C a ja lb an a . M ainly h ills , w ith  san d sto n e  an d  sla te  as chief rocks, an d  f la t-  
lan d s covered  by  o ligo troph ic  soil w ith  q u a r tz  san d  u n d e rn ea th . The d o m inan t v eg e ta tio n  
ty p es are closed and  op en  coniferous fo res ts  a n d  th e ir  derived sav an n as, sandy  lagoons an d  
sw am py p a tch es w ith  p a lm s. E ig h t endem ic g en era  occur in  th is  a rea , one of th em  M icrocy- 
cas, (also p re sen t in S ierra  de los O rganos), Colpothrinax, H erpyza , Nodocarpaea an d  Roigella  
live th ro u g h o u t th e  a rea , Tetraperone is co n fin ed  to  P in a r del R io , w hereas L ep tu rid iu m  is 
found  only in Isle of P ines. In  add ition , 95 en dem ic  species have  been d e tected , for ex am p le , 
P io u s tropicalis, Colpothrinax wrightii (F ig . 32), Phyllanlhus junceu s, H eptanthus ranunculoi- 
des. Syngonanthus w ilson ii, K alm iella ericoides, L yo n ia  m yrtilloides, Vaccinium  cubense ssp. 
ram onii, P ieris cubensis, Paepalanlhus alsinoides, Chaetolepis cubensis, M iconia adrosaemifolia,

Acta Botanic a Hungarica 32, 1986



14 A. BORHIDI, О. MUftlZ

Fig. 32. G eographical d is tr ib u tio n  of Colpothrinax w rightii 
(a fte r  Sa m ek  1973, m odified)

P achyanthus cubensis, P . angustifo lius, P. w rightii. Several v icarious species pa irs occur, such  
as Lachnocaulon anceps (Isle  o f Y o u th )— L . ekm a n ii  (P in a r del R io); L yo n ia  vaccinoides (Isle  
o f Y o u th )—L . ekm anii (P in a r  del R io); Galactia jen n in g sii  (Isle o f Y o u th )— G. isopoda (P in a r  
del R io); and  o thers in th e  genera  o f P hyllan thus, Tabebuia, E ugenia  an d  Eriocaulon.

Sub-sector A .2 .a .: W hite sandlands (S  ah alo-Indio  sense)

L ight-colored san d y  areas w ith  low n u tr ie n t  co n ten t on th e  w este rn  and so u th e rn  
b o rd e r  o f Isle of Y o u th  an d  S o u th  P in a r del R io from  th e  pre-is thm us of th e  G u anahacab ibes 
p en in su la  till Paso R eal de S an  Diego. T he open  pine w oodlands and  th e  sw am p y  sand lagoons 
h av e  several endem ic species in  com m on, fo r exam ple , X y r is  bicarinata, X .  grandiceps, Paepa- 
lan thus seslerioides, A ris tid a  brittonorum , Eriocaulon sphaerocephalum, E . dioecum, A m p h io -  
lan thus arenarioides, M icranthem um  ro tundatum , L indern ia  alternifolia, Bacopa longipes, an d  
Colpothrinax wrightii.

Fig. 33. G eographical d is tr ib u tio n  of Quercus oleoides ssp. sagraeana 
(a fte r Sa m ek  1973, m odified)
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D istric t А .2.1.: W h ite  san d lan d s of S ou th -w est P in a r  del R io (Sabaloënse)

a. Geography: F ia tla n d  covered  b y  soils of m ild glei ch a rac te r  w ith  q u a rtz  sand u n d e rn ea th . 
T he area is re la tiv e ly  a b u n d a n t in  oligotrophic lakes.
b. Climate: Seasonal w ith  d ry  w in te r, 5 -6  d ry  m o n th s . A nnual p re c ip ita tio n  is 1000-1400 m m  
on th e  average.
c. Flora: Several endem ics com m on to th is  d is tr ic t an d  th e  p inew oods of slate  areas. T hese  
a re  Befaria cubensis, Gochncitia ekm an ii, P inguicula  albida, B yrso n im a  pinetorum , Quercus 
oleoides ssp. sagraeana  (Fig. 33). A p p ro x im ately  30 exclusive endem ics, for exam ple: A ristid a  
frag ilis , Syngonanthus leoni, e ig h t Eriocaulon  species, H ibiscus urban ii, Mollugo enneandra, 
M . brevipes, Pachyanthus m antuensis, an d  P lin ia  ram osissim a.
d. Vegetation: M ixed palm -p ine  w oodlands w ith  loose canopy  la y e r  (Eragrosti cubensi — Pine- 
tum  Sam ek) was th e  original v eg e ta tio n  in  w hich Colpothrinax w rig h tii , Acoelorrhaphe ivrightii 
and  P inus tropicalis were d o m in an t. Also, derived sav an n as , w e t Acoelorrhaphe palm  groves, 
an d  sw am py an d  fresh w a te r v eg e ta tio n  rich  in E riocau laceae.

D istric t A.2.2 .: W h ite  sand lan d s of Isle o f Y o u th  (Ind iosense)

a. Geography: T he a rea  o f El Soldado Los Ind ios, San Pedro  a n d  S an ta  Isabel, is loca ted  
n o rth  of th e  L an ie r sw am p an d  on th e  w estern  shore of th e  islan d . S im ilarly  to th e  p reced ing  
area , i t  is a h u m id , acidic, q u a rtz  sand  plain .
b. Climate: Seasonal w ith  3 -4  d ry  m o n th s in th e  w in ter. A nnual p re c ip ita tio n  is 1400-1600 m m .
c. Flora: A single endem ic genus, Lep turid ium , an d  a p p ro x im a te ly  20 endem ic species, such  
as Eugenia victorin i, M ollugo p ino sia , Pectis p inosia , Pachyanthus longifolius, Kalm iella aggre- 
gata, K . sim ulata , P hyllan thus selbyi, Evolvulus siliceus an d  six  species of Eriocaulon  c h a r­
acterize th is flo ris tic  d is tric t. Bulbostylis paradoxa  is fo u n d  on ly  h ere  in  Cuba, th e  sav an n a  
p lan t B yrsonim a verbascifolia  occurs here  and in  O riente .
<1. Vegetation: O pen  pinew oods on san d y  soils (Paepalantho— P in e tu m  tropicalis S am ek), 
derived sav an n as, w e t Acoelorrhaphe groves. Sw am py an d  fresh w a te r  vegeta tio n  rich  in  E rio ­
caulons.

Sub-sector A .2 .b .:  Silicate heights and their alluvia l p la in s  (E u -P in a ricu m )

This a rea  includes th e  silica te  he igh ts in  th e  N o rth  an d  S o u th  side of Sierra de los 
Organos, w ith  th e  a d ja ce n t a lluv ia l sites and th e  n o r th e rn  an d  n o rth -ea s te rn  p a r t  o f Isle  of 
Y outh . Two endem ic  genera , Roigella  an d  Nodocarpaea, an d  a b o u t 70 endem ic species occur, 
some of th em  lis ted  in  1.2.

D istric t A .2.3.: T he s la tey  heigh ts and p la in s of P in a r  del Rio (P inarense)

a. Geography: G en tly  ro lling  h ill-co u n try , the  p la in s a re  d iv id ed  b y  rivers. The p a re n t m a te ­
rial of hills is com posed of san d sto n e  an d  lower Ju ra ss ic  sla te  lay e rs  ( th e  so-called San C ayetano  
form ation). T he q u a rtz -s ia llitic  soils of hills are acid ic, yellow  in  color, and poor in  n u tr ie n t. 
In  the  p lains tro p ica l redd ish -yellow  fe rs ia llitic  soils p re d o m in a te , these are covered  by  
acidic sand.
b. Climate: Seasonal tro p ical w ith  d ry  w inter. 1-2  d ry  m o n th s a n d  1600-2300 m m  a n n u a l 
p rec ip ita tio n  in  th e  hills, 3 -4  d ry  m o n th s and 1200-1600 m m  a n n u a l p rec ip ita tio n  in th e  p la in .
c. Flora: C h arac te ristic  a re  th e  endem ics of th e  sec to r; these  a re  in  com m on w ith  th e  o th e r 
floristic  d is tric ts . T he d o m in a n t coniferous v e g e ta tio n  (P in u s  tropicalis and  P. caribaea) 
causes certa in  flo ris tic  u n ifo rm ity . A dd itiona l ch ara c te ris tic  e lem en ts  are Quercus oleoides 
ssp. sagraeana (F ig . 33) in  th e  tree  lay er, and B efaria  cubensis, V a ccin ium  cubense ssp. ram onii,
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L y o n ia  myrtilloides, M ico n ia  ibaguensis, M . splendens, Pachyanthus p o ire tii, P . angustifo lius, 
Tabebuia lepidophylla, Roigella correifolia, R h u s copallina  ssp. leucantha  in  th e  sh ru b  layer. 
Species in  com m on w ith  C aja lbana , b u t  ra re , a re  A cunaeanthus tin ifo liu s , H yperbaena colum- 
bica an d  Pisonia petiolaris. M icrocycas calocoma is com m on to  th is d is tr ic t  a n d  th e  lim estone  
k a rs ts . Local endem ics a re  lacking w ith  th e  ex cep tio n  of Cassia roigii in  Cerro de C abras. 
I n  th e  so u thern  p la ins, how ever, several local endem ics appear, such as Gochnatia m antuensis, 
G. ekm an ii, Peperomia num m ularia , H y p tis  cubensis, Galactia herradurensis, L yon ia  ekm an ii, 
a n d  Melochia manducata, u su a lly  a t th e  edge of th e  p lain .
d. V egetation: On th e  h a rd  crysta lline  sla tes a loose p ine  woodland form ed b y  P in u s tropicalis 
a n d  P . caribaea was th e  orig inal d o m in an t v e g e ta tio n , b u t i t  is m ostly  rep laced  by  secondary  
g rasslan d s of H yparrhenia  ru fa  and  Andropogon bicornis. In  th e  areas o f th e  softer san d sto n e  
b ed ro ck  (San C ayetano  fo rm atio n ) a deeper b row nish-yellow  soil is developed  covered m o stly  
b y  evergreen sc lerophyllous oak forests o f Quercus oleoides ssp. sagraeana, B uchenavia  capita ta , 
Pithecellobium  cubense, X y lo p ia  aromatica. O n th e  so u th e rn  slopes a n d  foo th ills  a n a rrow  
s tr ip  o f trop ical sem ideciduous fo rest is developed  freq u en tly  tran sfo rm ed  in to  o rch ard s or 
p la n ta tio n s  of vegetab les. In  th e  low land a reas Colpothrinax  palm -pine w o o d lan d  was ex ten d ed , 
b u t  its  sites a c tu a lly  a re  used  as rice fields, p a s tu re s  and  secondary  g rasslands. T he d is tr ic t 
m a y  be subdivided in to  tw o  sub-d istric ts : th e  s la tey  he igh ts (E u -P in aren se ) an d  th e  a llu v ia l 
p la in s  (H erradurense).

D is tr ic t A .2.4.: N o rth  o f Isle of Y o u th  (G eronense) (Fig. 30)

a. G eography: A lluvial p la in  is th e  m ost ex ten siv e  w ith  some k arstic  lim estone  m o u n ta in s 
(S ierra  de las Casas, S ierra  de Caballos) a n d  low  silica te  hills (Sierra de la C anada, S ierra  de 
L a  S iguanea, Lom a de M al Pa is, etc.). T he d o m in a n t soil types are yellow  q u a rtz  a llitic  or 
ye llow  pseudoglei soils.
b. C lim ate: Seasonal tro p ica l. T he d ry  season is w in ter. 5-6 d ry  m o n th s , 1400—1700 m m  
a n n u a l p recip ita tio n .
c. F lo ra : V ery sim ilar to  t h a t  of th e  p reced ing  flo ra  d is tric t, a lthough  severa l e lem ents (M icro­
cycas) have  no t reach ed  th is  area despite  th e  lan d  connection  a t  th e  end  o f th e  T e rtia ry  and  
d u rin g  th e  glacials of th e  Q u a tern a ry . Som e ch arac te ris tic  endem ic species are H yeronim a  
crassistipula , S tenandrium  p inetorum , M achaonia  acunae, M . pauciflora , M iconia  perelegans, 
Ja cq u in ia  curtissii, H ypericum  incurvum , an d , on  th e  lim estone m o u n ta in s, Tabebuia geronen- 
sis  a n d  Eugenia ignota.
d . V egetation: F o rests o f P in u s tropicalis, in  som e places m ixed w ith  P. caribaea, m ostly  
rep laced  by pastu res . On th e  lim estone hills sem i-deciduous forests a t  th e  fo o t hill a reas an d  
k a rs tic  forests on th e  steep  form ations.

Sector A .3 . : The m ountainous P in a r del R io  (Rosaricum ) (F ig . 30)

T hree m o u n ta in o u s a rea  of very  d iffe ren t geological s tru c tu re , geom orphology  and  
v e g e ta tio n  have been  in c luded : the  h a y s ta c k  m o u n ta in s  of Sierra de los O rganos, th e  ser­
p e n tin e  area of C a ja lb an a  an d  v ic in ity , an d  th e  geologically highly v a rie d  m o u n ta in  ran g e  of 
S ie rra  del R osario. T he m ain  ju s tif ic a tio n  for considering  these th ree  fu n d a m e n ta lly  d ifferen t 
a rea s  as p a rts  of th e  sam e flo ra  sector is th a t  th e  m o u n ta in s form  an  u n b ro k e n  system , and  
m a n y  species from  th e  lim estone flora of S ierra  de los Organos and th e  se rp en tin o p h ilo u s flo ra  
o f C a ja lb an a  are fo u n d  to g e th e r in Sierra del R osario .

T en endem ic gen era  characterize  th is  sec to r, these are E uchorium  (Sap indaceae), 
A n cistra n th u s  (A can th aceae), Neomazaea (R u b iaceae), Phyllomelia  (R u b iaceae), P hyllacanlhus 
(R u b iaceae), Sauvallea  (C om m elinaceae), Sauvallella  (Fabaceae), Lescaillea (C om positae), Sie-
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mensia  (R ubiaceae) an d  Ceratopyxis (R ubiaceae). G enera  com m on to  S ierra  de los O rganos 
and  S ierra  del R osario  are  Siem ensia , Ceratopyxis and  Gaussia, w hereas Phyllom elia  is com m on 
to  C aja lbana  and  S ierra  del R osario . H ere is th e  chorological cen tre  o f th e  genera A cu n a e - 
anthus and  P hania  w hich  occur sporad ically  in the e as t, in  th e  p rov inces o f M atanzas an d  
L as Villas. In  ad d itio n  to  the  endem ic genera, ab o u t 150 endem ic species prove th e  an c ien t 
ch arac te r  of th e  w este rn  C uban m o u n ta in s and  th e  long, iso lated  d ev elo p m en t of th e ir  flo ra.

T he v eg e ta tio n  o f th is area  is also ch arac te rized  b y  h igh  d iv e rs ity  and  in ten siv e  
m ingling. The v e g e ta tio n  of lim estone rocks of S ierra  de los O rganos is also found  in  several 
localities in  Sierra del R osario  (P a n  de G uajaibón , P en a  B lanca, M onte Toro). C om m unities 
sim ilar to  th e  pinew oods an d  scrubs o f C aja lbana occur a t  several p o in ts  in  S ierra  del R osario  
(L om a Z am bum bia  n e a r R ancho M undito , R angel, Cuzco, L om a P e lad a  de C ayajabos). 
D espite  these sim ilarities , th e  th ree  m ou n ta in o u s a reas are sh a rp ly  d iffe ren t from  one a n o th e r 
in  geom orphology, f lo ra  an d  vegetation .

D istric t А .З.1.: S ierra  de los O rganos (V inalense)

a. G eography: D eeply  inclined , tow er-like k a rstic  hills w ith  n a rrow  a n d  deep gorges h id d en  
cave system s an d  a long valley  sep ara tin g  th e  m o u n ta in s in  a SW —N E  direction . T he surface 
of m o un ta ins is u su a lly  bare  rock  or m ore or less eroded  skeletal soils. In  th e  gorges deep 
h u in ic -carbonated  ren d zin a  soils are deposited , w hereas in  th e  so-called in terco lline  va lleys 
tro p ical b row n an d  red  soils p redom inate .
b. Clim ate: Seasonal tro p ica l w ith  d ry  w in ter. The d ry  season is sh o rten ed  in th e  S W -N E  
d irec tion . In  th e  w est a n d  n o rth  3 -4 , in  th e  sou th  a n d  e as t 1-2 d ry  m o n th s . In  some cen tra lly  
s itu a te d  areas h u m id  ra in fo rest c lim ate  m ay  occur m esoclim atically . T he an n u al p re c ip ita ­
tio n  is 1500-2200 m m .
c. F lora: The m o u n ta in s com posed of old, very  h a rd  u p p e r  Ju ra ss ic  rocks, th e  so-called blue 
lim estone, em erged in  th e  C retaceous. T hey  have been  d ry  lands since th en . D ue to  th e  g rad u al 
erosion of soft rocks, free-stand ing  lim estone cliffs w ere form ed. On th e  to p  of rocks a v e ry  
anc ien t and  h igh ly  specialized flora developed p reserv ing  several tax o n o m ica lly  iso lated  re licts , 
conditioned  by  th e  decreased  com petition  in  th e  ex trem ely  u n fav o u rab le  h a b ita ts .

Two m onospecific  genera, Euchorium  and  A ncistran thus, an d  tw o  o th e r genera com ­
m on to  th is  d is tr ic t an d  Sierra del R osario  (Ceratopyxis an d  Siem ensia ), as well as M icrocycas 
(w hich is also p re sen t in  th e  sla tey  heigh ts) illu s tra te  th e  richness of th e  flo ra , likewise th e  
90 endem ic species (e.g ., Gaussia princeps, A ncistranthus harpochiloides, Ceratopyxis verbenacea, 
Siem ensia pendula , E km an ian the  actinophylla, Spathelia brittonii (Fig. 6), Bourreria polyneura, 
Eugenia  galeata, Gesneria celsioides, Omphalea hypoleuca, A n n o n a  cascarilloides, M alp igh ia  
roigiana, A n th u r iu m  venosum , Philodendron urbanianum , Bursera shaferi, e tc.).

Im p o r ta n t  species o f k a rstic  woods are th e  endem ic Bombacopsis cubensis, T h rin a x  
m orrisii and  Agave tubulata. M any local endem ics h av e  been  d iscovered  here. The m ost 
in tensive ly  exp lored  a rea  is V inales w here 17 local endem ics were fo u n d , fo r exam ple: P ilea  
a ffin is , P . sim plex, Salm ea glaberrima, S. um bratilis, S . caleoides, R hytidophyllum  rupincola, 
Clusia brittonii an d  A calypha  mogotensis (for o thers , see th e  lis t above). Sum idero  has 10 local 
endem ics, e.g., P iper sum ideranum , Calycogonium saxicola, P lin ia  rubrinervis, Cissus dichroa, 
an d  C. hum ilis , Cerro de Guane h as 5, e.g., E ugenia  guanensis, Peperom ia guanensis  an d  
Caesalpinia guanensis. Dorstenia roigii is an  endem ic of M ogote la J a g u a , w hereas Gouania  
ekm anii is endem ic to  M ogote de la B aliza. F ive  endem ics have  been fo u n d  in  th e  Sierra de 
la G üira (Pilea g ü irana , Bourreria mucronata, Tetrazygia m inor, Guettarda amblyophylla  an d  
Rondeletia susannae). I n  th e  m o un ta ins iso lated  by  coom bs from  one a n o th e r a n u m b er of 
local v icarious endem ics occur, e.g., Leptocereus assurgens (V inales) — L . prostratus (Sum idero) 
— L . ekm anii (Cerro de G uane); P sid iu m  vicentium  (V inales) — P . nu m m u la riu m  (P a n  de
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G uaja ib ó n ); Pilea hem isphaerica  (V inales) — P. sum ideroensis (Sum idero). T he m o u n ta in s of 
V inales and  Sum idero m ay  be reg ard ed  as being  th e  m ost im p o r ta n t  cen tres of spécia tion ,
d. V egetation: The k a rs tic  h ills (m ogotes or h a y s ta c k  hills) a re  covered  b y  a u n iq u e  m ogote 
v e g e ta tio n  including th e  open  A gave  scrub of su n n y  cliffs, th e  veil — com m unities o f shady  
ro c k  walls and crevices, b rom elia -rich  open  shrubw oods of th e  e roded  top s, an d  th e  closed 
fo res t on gravel slides a n d  rav in es (in trazo n a l sem i-deciduous shrubw oods). On th e  gravel 
slides a t  th e  foothills sem i-deciduous fo rests, in  th e  coom bs seasonal evergreen fo res ts and  
ex trazo n a l ra in fo rest p a tc h es  develop. T he in te rco llin e  valley , fo rm erly  covered by  seasonal 
everg reen  forests, is a c u ltiv a te d  lan d  w ith  frag m en ts  of a Roystonea  — Ceiba secondary  
sa v a n n a .

D is tr ic t A .3.2.: C a já lb an a  M oun ta ins (C ajalbanense)

a . G eography: Due to  th e  re d  fe rritic  soils a n d  th e  v e ry  rich  flo ra , th is  sm all (ab o u t 70 k m 2) 
a rea  o f old serpentine m o u n ta in s  ex ten d in g  to  th e  coasta l low land of La M ulata  sa tis fie s  th e  
c rite ria  of being a sep a ra te  flo ris tic  d is tric t. T he re lief is ch arac te rized  b y  w ide, f la t  h illtops 
a n d  deep valleys w ith  steep  slopes. R eg ard in g  physiognom y, soil an d  v eg e ta tio n , th is  a re a  is 
a sm alle r, vicarious co m p lem en t o f Sierra de N ipe of eas te rn  Cuba.

Lom a P ré luda  to  th e  W est, an d  th e  range  of serpen tine  hills from  Las Pozas to  so u th  
o f B ah ia -H o n d a  and  th e  co asta l a rea  of T oscano-M orrillo  are also in cluded  in  th e  d is tric t. 
T h e  a d ja ce n t n o rth ern  co as t, com posed m ain ly  of se rpen tine  or y oung  se d im en ta ry  rocks as 
th e  to p  layer, is also considered  here .
b. C lim ate: Seasonal w ith  d ry  w in ter, 3 -4  d ry  m o n th s , 1400 -1600 m m  ann u al p re c ip ita tio n .
c. F lo ra : F o u r m onospecific endem ic genera: Neomazaea, Sauvallella, P hyllacanthus a n d  Les- 
caillea, an d  40 endem ic species, includ ing  several palaeoendem ics ch arac te rize  th e  d is tric t. 
O f th e  endem ics of p inew oods Tetrazygia coriacea, P sid iu m  cym osum , P hania  cajalbanica 
(F ig . 25), Tabebuia leptopoda, P lin ia  derm atodes, Rondeletia venosa, Coccothrinax yuraguana  
(F ig . 34), P hyllanthus sagraeanus, Chaptalia ekm an ii, an d  E u p a to riu m  grisebachianum  are

▼ Coccothrinax litoralis 
A C. Borhidiana 
+ C. crinita

(+) C. crinita ssp. brevicrinis

Coccothrinax yuraguana 
C. clarensis 
C. muricata
C. pseudorigida C. camagüeyana

F ig . 34. G eographical d is tr ib u tio n  of th e  W est- an d  C entra l C uban ta x a  o f th e  genus Coccothrinax
(a fte r  B o r h id i 1973, m odified)
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n o tew o rth y . N o ted  species of th e  ev erg reen  sh rubw oods are  Agave cajalbanensis, M oacroton  
trigonocarpus (F ig. 12), Euphorbia cubensis, Zan thoxylum  dum osum  s. s tr. Gesneria ferrug inea , 
Gochnatia intertexta, Guapira cajalbanensis, M achaonia dum osa, P hialanthus rigidus, a n d  ScoZo- 
santhus acunae. Several floristic  e lem ents a re  v ica riad s o f N ipe and  Moa endem ics, fo r ex am p le , 
Lescaillea — H arnackia  (Fig. 10), E uphorbia  cubensis — E . helenae, Moacroton trigonocarpus — 
M . lanceolatus (F ig. 12), A nem ia cajalbanica — A . coriacea (Fig. 11), an d  Helicteres trapezi- 
fo lia  — H . n ipensis. Iso la ted  p o p u la tio n s o f several species m ay  also be enco u n tered  in  th e  
se rpen tine  a reas o f cen tra l Cuba, e.g ., Ottoschmidtia dorsiventralis, A n em ia  cajalbanica, H ar- 
palyce cubensis (M atanzas), A cunaeanthus tin ifo liu s, Leucocroton revolutus, L inodendron veno- 
sum , Coccothrinax crinita  (Macizo de G uam u h ay a).

T he coasta l b e lt a t  Toscano — P la y a  M orrillo originally  h ad  a h ighly  specialized  
flo ra . T he p re sen t v eg eta tion , how ever, is stro n g ly  deg rad ed  and  an  endem ic genus (P h y lla - 
canthus) an d  19 endem ic species, e.g ., M a ytenus lineata , H eptanthus brevipes, I lex  ternati- 

flo ra , M im osa  apleura, M . catalinae, Calycogonium  microphyllum , R a n d ia  cubana  an d  
Calyptranthes gracilipes , e tc ., have  n o t  been  co llected  here  fo r a long tim e,
d. Vegetation: O n th e  rocky  soil of th e  steep  slopes a n d  cliffs evergreen shrubw oods, w hereas 
on  th e  h illto p s P in u s  caribaea fo rests grow . In  th e  v a lleys w et coniferous gallery  fo res ts  w ith  
ferns, pa lm s a n d  Odontosoria w rightiana  a re  fo u n d . In  th e  low land areas sem ideciduous 
fo rests, se rp en tin e  sh ru b  woods, an d  m an g ro v e  v e g e ta tio n  grow.

D istric t A .3 .3 .: S ierra del R osario  (R osariense)

a. Geography: M ounta inous fo rm ations com posed p rim a rily  of up p er Ju ra ss ic  lim estone  an d , 
to  a lesser e x te n t, o f sandstone, gneis a n d  o thers . S e rp en tin e  in tru s io n s o ften  reach  th e  su rface  
fo rm ing  m ore or less extensive p a tch es . Two p aralle l ranges reach th e  a ltitu d e  of 5 -600  m , 
some peak s (M onte T oro, Pena B lan ca, P ied ra  C alzada, P a n  de G uajaibón) are e lev a ted  over 
600 m. T he re lie f is h igh ly  varied . T ro p ical b row n soils p red o m in ate  b u t  th e re  are also yellow  
q u a rtz -a llitic  soils on  sandstone, red  fe ra llitic  soils on  serpen tine  an d  tro p ica l re n d z in a  on 
lim estone.
1». Climate: T ro p ica l clim ate w ith  1—2 m o n th s  long d ry  w in ter. In  th e  cen tra l b asin , p a r tic u ­
larly  in  th e  e as t, h u m id  ra in fo rest c lim ate  occurs, r a in y  th ro u g h o u t th e  year, 
c. Flora: R ich  an d  diverse, th an k s  to  th e  h igh  geological v a ria b ility  of th e  m o u n ta in s. O n th e  
se rpen tine  o u tc ro p s th e  p lan ts  of th e  C a ja lb an a  M ts. an d  its  v ic in ity  occur, fo r ex am p le , 
Phyllom elia coronata, M alpighia w rightiana, Rondeletia  chamaebuxifolia, E ugenia rig id ifo lia . 
Som e species o f sla tey  heigh ts, e.g., P in u s  caribaea, Quercus oleoides ssp. sagraeana  an d  Byrso- 
nim a  p inetorum , occur in  th e  san d sto n e  areas, w hereas several p lan ts  from  th e  k a rs ts  of 
Sierra de los O rganos (Siem ensia p endu la , Gaussia princeps, Auerodendron acu m in a tu m ) are  
found  on lim estone  rocks. The exclusive endem ics a re  re la tiv e ly  few in  n u m b er, to ta llin g  
a b o u t 25. E x am p les a re  Pilea bullata, Zan thoxylum  ekm an ii, Z. organosium , B anara acunae , 
D aphnopsis guacacoa, Lagetta w rightiana, P lin ia  recurvata, M yrtus sagraei, M yrcia  valenzue- 
lana, P achyanthus tetramerus, M ouriri valenzuelana, H enriettea granularis, Cordia valenzuelana, 
a n d  Gochnatia ekm anii. F our local endem ics a re  kno w n  from  P a n  de G uajaibón , n am e ly  
Gesneria brevifolia, P iper perditum , P sid iu m  n u m m ularia  an d  Tetrazygia lanceolata.
<1. Vegetation: O rig inally  seasonal everg reen  tro p ica l fo rests were p red o m inating . M ost o f th e  
n a tiv e  v e g e ta tio n  w as replaced by  coffee p la n ta tio n s  in  th e  second h a lf  o f th e  la s t c e n tu ry , 
b u t  these  fields hav e  becam e ab an d o n ed  resu ltin g  in  degraded , secondary  forests. B elow  th e  
p eak  of P a n  de G u ajaibón  developed a sm all s ta n d  of m on tane  ra in fo rest. On th e  so u th e rn  
slopes a n d  th e  foo th ills sem i-deciduous fo rests grow . T he m ogotes are covered by  deciduous 
shrubw oods, w hereas on  the  san d sto n e  o u tcrops pinew oods and  m ixed p ine-oakw oods are  
found . T he serp en tin e  areas are covered  b y  m icrophyllous th o rn  scrubs.
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S U B -P R O V IN C E  В : C E N T R A L  CUBA (C EN T R O -C U B A N IC U M ) (F ig . 37)

The plains, iso la ted  m o u n ta in s and hills o f c en tra l C uba are included in  th is  sub- 
p rov ince  w hich ex te n d s  fro m  B ah ia  H onda an d  th e  R osario  M ountains in th e  w est to  th e  
C auto  basin  and  th e  C e n tra l V alley  of O riente in  th e  e as t, reach ing  th e  feet of Sagua-B aracoa  
a n d  Sierra M aestra. T h is a rea  has been a con tig u o u s lan d  m ass since th e  end of th e  Pliocene 
on ly . Before th a t  p e rio d , th e  te rre s tria l p lan ts  w ere sc a tte re d  over th e  extensive  arch ipelago  
o f lim estone m o u n ta in s a n d  cliffs. The p lan ts o f th e  p la in  o f cen tra l Cuba o rig in a ted  p rim arily  
fro m  th e  m o un ta ins o f O rien te , and  also from  P in a r  del Rio. T his view  is su p p o rted  by  th e  
fa c t th a t  the  p lains a re  p o o r in  exclusive endem ics m o st o f w hich being local or v ic a r ia n t 
endem ics. Those d is tr ib u te d  a ll over the  area , p a r t ly  se rp en tin e  p lan ts  p a r tly  coasta l e lem en ts, 
a re  in  com m on w ith  w e s te rn  or eas te rn  Cuba or b o th  n ea rly  w ith o u t exception . The lan d scap e  
a n d  th e  vegeta tio n  are  ch arac te rized  by  d o m in a n t A n tillean , C aribbean and  N eo tro p ical 
species th a t  are also fo u n d  elsew here. Being m o st a b u n d a n t , how ever, these p lan ts  m a y  be 
considered  as th e  m o st ty p ic a l  species of the  area .

O f th e  se rp en tin e  endem ics Neobracea valenzuelana  (F ig . 9), P hyllanthus orbicularis 
(F ig . 8), A nnona  bullata, C alliandra p a u ciflo ra , o f th e  m esophilous forest species F icus  
subscabrida, F . combsii, Coccoloba retusa, Tabernaem ontana amblyocarpa, Espadea amoena, 
Casasia calophylla a n d  G uettarda calyplrata are m en tio n ed  here.

P an-C uban  en dem ics o f th e  d ry  sh ru b lan d s  an d  coasta l com m unities are Belairia  
mucronata, Oplonia tetrasticha, R andia  sp in ifex , P la tygyne hexandra  and  Gastrococos crispa  
(F ig . 35), etc.

F u rth e r  c h a ra c te ris tic  e lem ents of the  lan d scap e  are non-endem ics, such as Roystonea  
regia, Ceiba pentandra, B u cid a  buceras, Cecropia pelta ta , Sam anea sam an, Croton lucidus, 
E ugen ia  maleolens, th ese  a re  th e  m ost com m on in  th is  area. In  ad d itio n , species w hose d is­
p e rsa l is fac ilita ted  b y  h u m a n  a c tiv ity  are Comocladia dentata, G lyricidia sepium , D ichrostachys 
cinerea and  R hynchely trum  roseum. In  the  flo ris tic  su b -p rov ince  of C entral Cuba 21 endem ic 
C u b an  genera occur, sev en  be ing  confined to th is  a rea . O f these  M egalopanax, E uleria  and  
Rhodogeron  have a local d is tr ib u tio n  p a tte rn , and  o n ly  4 genera, Gastrococos, B ehaim ia, Henleo- 
p h y tu m  and  Chaetium , h a v e  been  w idely d is tr ib u te d  all over th e  area , a lth o u g h  th e  ro le of 
th e  la t te r  ones in  th e  v e g e ta t io n  is negligible. T h ere  a re  on ly  ab o u t 25-30 non-local endem ics 
ch arac te riz in g  th is  su b -p ro v in ce  a lthough  th e ir d is tr ib u tio n  ex ten d s a little  to the  neighbouring  
a reas (e.g., on th e  so u th e rn  co ast of O riente). E x am p les  are Andropogon m ultinervosus, Scleria
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havanensis, Agave legrelliana, Copernicia macroglossa, C. baileyana  (F ig . 36), Coccothrinax 
m iraguam a  p. m aj. p ., B ehaim ia  cubensis, P iscid ia  cubensis, M alp igh ia  n u m m ulariifo lia , Byrso- 
n im a  motembensis, Leucocroton moncadae, L . havanensis, Chamaesyce p a u c ip ila , Tabebuia lepi-

▼ Copernicia Brittonorum x C. glabrescens О C. Curtissii

Fig. 36. G eographical d is tr ib u tio n  of th e  W est-C uban  ta x a  of th e  genus Copernicia 
(a fte r  D a h l g r e n  a n d  Glassm an  1963, m odified)

F ig . 37. The ph y to g eo g rap h ica l subd iv ision  of th e  w estern  p a r t  o f th e  C en tra l C uban sub­
prov ince

B .l .  Sector: W este rn  C en tra l Cuba (H avan icum )
B . l . l .  D is tr ic t: Jarucoënse
В. 1.2. D is tr ic t: Havanense
B.1.3. D is tr ic t: Giiinense
B.1.4. D is tr ic t: Cascajalense
B.1.5. D is tr ic t: Casildense

B.2. Sector: T he G u am u h ay a  M assif of E sc am b ray  (T rin idad icum )
B.2.1. D is tr ic t: Trinidadense
B.2.2. D is tr ic t: Spirituènse

B.3. Sector: E a s te rn  C en tra l Cuba (Camagiieyicum)
B.3.1. D is tr ic t: Claraënse
B .3.4. D is tr ic t: Saguënse
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4- Machaonia pubescens Д M. havanensis ▼ M. microphylla
о M. subinermis A M. havanensis ssp.orientalis ■ M. nipensis
•  M. subinermis ssp. armata x M. Urbinoi □ M. nipensis ssp. moaensis
*  M. Urbaniana V M. minutifolia

F ig. 38. Geographical d is tr ib u tio n  of som e cen tra l and  E as t-C u b a n  species of th e  genus 
M achaonia  (a fte r  F er n a n d ez  e t B o r h id i 1984)

dota, Cissus torreana, E ugen ia  camarioca, Rondeletia camarioca, M achaonia  subinerm is s. 1. 
(F ig . 38), Plum eria cubensis, P. keyensis, Mesechites m in im a , Scolosanthus crucifer, H yp lis  
arm illa ta , and Pectis cubensis, e tc. R ecen tly , m ore th a n  75%  o f th is  a rea  is a m anaged or 
c u lt iv a te d  land. I ts  o rig ina l v eg eta tio n  m ay  be reco n stru c ted  on ly  from  re lic t of some frag ­
m e n ta l  stands. The n a tiv e  v e g e ta tio n  su rv iv ed  in th e  m o u n ta in s, on  th e  coast, keys and the 
less fe rtile  serpentine areas.

Sector В .1 .:  Western central Cuba (H avanicum ) (Fig. 37)

T his area ranges from  B ah ia  H o n d a  an d  A rtem isa  to C ardenas, C ienfuegos and , on th e  
so u th e rn  coast, as fa r as C asilda. C oastal zones w ith  rich  flo ra , m o u n ta in o u s  an d  hilly regions 
o f v a rie d  bedrocks and  d iverse  p lan t com m unities and f la tla n d  w ith  m onotonous vegeta tio n  
a re  included. The p lains hav e  been c u ltiv a te d  for centuries. In  a d d itio n  to the  few local 
en d em ic  species, endem ic genera  [e.g., A m phio lan thus, A cunaeanthus, P hania  (F ig. 25)] and 
species [Eriochloa setosa, Coccothrinax littoralis (Fig. 34)], Zephyranthes rosea, C rinum  oli- 
g a n th u m , Bombacopsis cubensis, Coccoloba pa llida , Harpalyce cubensis, P hyllanthus discolor, 
H yeron im a  havanensis, Callitriche occidentalis, Comocladia m ollifolia , Term inalia  intermedia, 
E u g en ia  farameoides, R a u vo lfia  cubana, Cordia angiocarpa, B run fe ls ia  n itida , Rhytodophyllum  
w righ tianum , Oplonia nannophylla  (Fig. 39), M achaonia havanensis (F ig . 38), etc. in com m on 
w ith  w estern  Cuba are ch arac te ris tic .

D is tr ic t  В.1.1.: L im estone  and  serp en tin e  areas b e tw een  B ah ia-H o n d a  and  
L im o n a r (Jarucoënse)

The Las Pozas-C abanas h illy  ran g e  a t  the  n o rth e rn  edge of S ierra  del R osario , and  
S ie rra  de Anafe, th e  H ab an a -M a tan z as  hills and , sou th  of an d  p a ra lle l to  i t ,  the  Bejucal- 
M adruga-L im onar range  are  included.
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a. Geography: T his a rea , being d iv id ed  in to  several sm alle r h illy  ranges by  valleys, has a 
v aried  geological s tru c tu re . The m osaic-like in term ingling  of lim estone  an d  serpen tine  rocks 
is typ ica l. As a consequence, th e  soil conditions are also d iversified . On th e  C retaceous lim e­
stone (H ab an a-M atan zas he igh ts) tro p ic a l brown soils p re d o m in a te , o ften  in  form  of th e ir  
v e ry  shallow , ro ck y  v a r ia n t. On th e  Ju ra ss ic  lim estone of A nafe M oun ta ins and  th e  Ja ru co  
k a rs t  calcareous soils have  developed. R ed latosolic, n u tr ie n t  p o o r soils cover th e  se rpen tine  
ou tcrops. On th e  T e rtia ry , m ain ly  O ligocène, lim estone of th e  B ejucal-M adruga-C o liseo  ran g e  
calcareous, fe rra litic  soils of good q u a lity  p redom inate .
b. Climate: Seasonal, d ry  in  th e  w in te r. 3 -4  d ry  m onths a n d  1400-1600 m m  an n u al p re c ip ita ­
tio n  in th e  w estern  p a r t  of the  d is tr ic t ,  1-2 d ry  m onths a n d  a n  av erage  p rec ip ita tio n  up  to  
1100-2300 m m  to  th e  so u th -so u th e as t of H avana , and  5 -6  d ry  m o n th s and  1400-1800 m m  
an n u al p rec ip ita tio n  eas t of Ja ru co .
c. Flora: Due to  th e  m osaic-like geological and soil s tru c tu re  th e  n u m b er o f com m on endem ics 
is lower th a n  th a t  o f th e  local endem ics. F o r instance, fo u r local endem ics occur in  th e  S ierra 
de Anafe (e.g., Eugenia  anafensis  a n d  Guapira leonis). Tw o v ica rio u s subspecies of Tabebuia  
anafensis occur in  th e  w hole lim estone  range, like R h ytid o p h yllu m  exsertum. E ndem ic species 
o f th e  serpen tine  of Cam po F lorido  a re  Pectis havanensis a n d  P sid iu m  havanense. T he rich est 
in  endem ics is th e  C anasi serp en tin e  a rea : Melocactus m atanzanus, Coccothrinax m iraguana  
ssp. roseocarpa (Fig. 34). M yrtus m atanzasia , Moacroton revolutus (F ig . 12), B u xu s gonoclada, 
Reynosia m icrophylla, Bucida ophiticola, Borreria m atanzasia  occur here. Some of th em  are 
also found on th e  serp en tin e  of C am arioca. There are a n u m b er o f species in com m on e ith e r 
w ith  C ajalbana (A n em ia  cajalbanica, F ig . 11, Ottoschmidtia dorsiventralis, Harpalyce cubensis) 
or w ith  th e  serp en tin e  a reas of L as V illas (Acacia daemon, B u xu s  f  laviramea).
d. Vegetation: D o m in an t ty p es a re  sem i-deciduous fo rests in  th e  n o rth e rn  and  m iddle  p a r t  
o f th e  d is tr ic t an d  d ry  evergreen fo res ts  in the  Sierra de x4.nafe. T he species poor v a r ia n t  of 
th e  k a rstic  forests o f th e  Sierra de los Organos p red o m in ates  on  th e  Ja ru co  m ogotes an d  
o th e r k a rstic  hills, w ith  T h rinax  m orrisii as dom inan t species. T he foo th ills and th e  va lleys 
a re  covered by  frag m en ts  and  d e riv ed  savannas of seasonal everg reen  forests. D ry  evergreen  
forests grow  on th e  serp en tin e  a rea s , w hereas a t C anasi everg reen  shrubw oods w ith  d w arf 
palm s are found.

A Oplonia tetrasticha 
^  0. polyece 
□  0. Acunae 
X 0. purpurascens

О Oplonia nannophylla 
•  0. multigemma 
V 0. cubensis 
+ 0. moana

Fig. 39. G eographical d is tr ib u tio n  of some species o f th e  genus Oplonia  (A canthaceae)
(a fte r  B o r h id i et Mu niz  1979)
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D is tr ic t  В .1.2.: Seashore o f th e  B ah ia  H onda-H icacos zone (H avanense)

a. Geography: The coast ran g in g  from  B a h ia -H o n d a  to  Y aradero  consists m ain ly  o f Pliocene 
lim esto n e  w hich is seldom  b ro k en  b y  m u d d y  or sa n d y  beaches. F la t  k a rs ts  an d  cliffs (Seboruco) 
a re  m o s t u sua l b u t  rocky hills m ay  also be seen. M ainly  shallow , rock y , h u m ic-carbonated  
soils co v er th e  area.
b. Climate: Seasonal w ith d ry  w in te r, th e  a n n u a l p re c ip ita tio n  is 1000-1400 m m  w ith  a d istrib u ­
tio n  s im ila r to th a t  in  th e  p reced ing  d is tric t. T he d ry  season gets longer e as tw ard , reaching a 
d u ra tio n  up  to  5-6 m onths.
c. F lora: T he area abounds in  d ro u g h t- to le ra n t endem ic species. Coccothrinax horhidiana 
(F ig . 34), P iper cojim aranum , Gochnatia sagraeana, Croton litoralis ssp. rugelianus, Pilosocereus 
rob in ii, Leptocereus urigh tii, E ugenia  mollifolia, R hytidophyllum  crenulatum , B orrichia cubana, 
R ondeletia  rugelii and  Guettarda undulata  a re  w o rth  m entioning.
d. Vegetation: Coastal th ic k e ts , d ry  evergreen  forests and  shrubw oods, frag m en ts  of semi- 
d ec id u o u s forests on th e  slopes, sm all s tan d s of m angrove.

D is tr ic t  В .1.З.: The p la in  A rtem isa  — Colon (Giiinense)

a. Geography: G ently ro lling  d e n u d a ted  p lain . F e rtile , calcareous red  fe rra llitic  soils p re­
d o m in a te .
b. Climate: Seasonal w ith  d ry  w in ter. U sually  5 -6  d ry  m onths. 1200-1800 m m  a n n u a l p re­
c ip ita tio n .
c. Flora: M onotonous, no local endem ics occur. T he influence of th e  h u m an  im p a c t o f centuries 
is o b v ious.
d. Vegetation: O riginally, th is  is th e  zone of seasonal evergreen a n d  sem i-deciduous forests 
w h ich  h a v e  been replaced b y  cu ltu re  sav an n as  an d  ag ricu ltu ra l fields. N a tiv e  vegeta tion  
occu rs  o n ly  in th e  m angrove a n d  gallery  fo rest b e lt on th e  seashore.

D is tr ic t  В .1.4.: Y ag u aram as — C ascajal p la in  (Cascajalense)

a. Geography: On the  b o rd e r of M atanzas an d  th e  old Las Villas p rov ince  is th is  com pletely 
f l a t  a rea  a t  an  a ltitu d e  of a b o u t 100 m. T he soil is m ocarrero  hav ing  an  im perm eab le  layer 
close to  th e  surface.
b. Climate: Seasonal w ith  5 -6  d ry  m o n th s in  th e  w in ter. The a n n u a l p re c ip ita tio n  is 1200- 
1400 m m .
c. Flora: A single endem ic m onospecific  genus (Rhodogeron coronopifolius) an d  nearly  10 
en d em ic  species (e.g., B ucida  subinerm is, B run felsia  clarensis, Eriocaulon echinosperm um , 
Lachnocaulon cubense and  th ree  Cheilophyllum  species) characterize  th e  flo ra . T he eastern  
l im it  o f  th e  d istribu tion  of w este rn  “ sa v a n n a ” p la n ts  m ay  be d raw n here. E a s tw a rd  th e  flora 
becom es com pletely  d ifferen t: on  th e  m ocarrero  soil sh rub lands an d  secu n d ary  sav an n as  w ith 
C opernicia  palm s exist.
d. Vegetation: T horny sh ru b lan d s a n d  sav an n as w ith  Sabal palm s on poorly  d ra in ed  h a rd p an  
soils. T h is  is one of the  la rg est ed aph ic  sav an n a  area  in  Cuba. I t  m ay  have  tu rn e d  to  m arshes 
sev era l tim es during the  Q u a te rn a ry , an d  th en  d ried  up.

D is tr ic t  В .1.5.: Coastal a rea  betw een  Cienfuegos —Casilda (Casildense)

a. Geography: This zone begins a t  Ju ra g u a , eas t o f P lay a  G iron and  ex ten d s to  th e  Casilda 
p e n in su la . F la t  k a rsts consisting  m ain ly  o f co asta l coral lim estone a lte rn a te  occasionally  
w ith  sa n d  beaches. I t  is th e  ecological eq u iv a len t o f floristic  d is tr ic t I I .1 .2. on  th e  sou thern  
co ast, w ith  shallow, h u m ic-ca rb o n a ted  soils.

Acta Botanica Hungarica 32, 1986



PHYTOGEOGRAPHIC SURVEY OF CUBA, II 25

b. C lim ate: In  th e  w este rn  p a r t  seasonal w ith  d ry  w in ter of 5 -6  m o n th s d u ra tio n . In  th e  east 
tw o  a r id  seasons occur and  th e  an n u al p re c ip ita tio n  is 1000-1200 m m .
c. F lo ra : S tro n g ly  x e ro th e rm  flo ra  co n ta in in g  large succu len ts , for exam ple, Dendrocereus 
n u d iflo rus , Leptocereus silvestris, Rhodocactus cubensis, and  Pilosocereus brooksianus. W ide­
sp re ad  endem ics a re  Pavonia calcicola, A ca lypha  hutchinsoni, Rondeletia pedicellaris, Pectis 
ritland i a n d  Cassia clarensis. A local endem ic a t  Cienfuegos (A cacia polypyrogenes) a n d  nearly  
ten  fu r th e r  ones a t  Casilda (e.g., Cordia intricata, Ipomoea flavopurpurea , H y p tis  rivularis, 
M y rtu s  crenulata, C hrysophyllum  clarense, Casearia farm osa, Rhacom a ekm anii, e tc .).
d. V egeta tion : R ocky  an d  sandy  coasta l com m unities, everg reen  scrubs on th e  f la t  k a rs ts , 
d ry  everg reen  forests an d  sem ideciduous fo rests on deeper soils.

Sector B .2 .:  The G uam uhaya M a s s if  or Escam bray  (T rin idad icum ) (F ig . 37)

Iso la ted  m o u n ta in s above th e  so u th e rn  coasta l zone of c en tra l Cuba, d iv ided  in to  two 
sm alle r m o u n ta in s: th e  m ore e levated  T rin id ad  M ountains an d  th e  lower S ancti S p iritu s  and  
B an ao  H eigh ts . A p ecu lia rity  of th e  flo ra  is its  double origin. T he m on tane  e lem en ts cam e 
fro m  th e  m o u n ta in s o f O riente, th e  p lan ts  of k a rs ts  are p a r tly  o rig ina ted  from  P in a r  del Rio. 
A n  endem ic m onospecific  genus (E uleria ) an d  ap p ro x im ate ly  20 regional endem ics [e.g., M ico- 
nia ancistrophora, M . w ilsonii, Pachyanthus lu n anus, Rondeletia leonis, R . pedicellaris, Tabebuia 
arim aoensis, T . glaucescens, Neobracea howardii (F ig. 9), L u n a n ia  elongata, th ree  Calyptranthes 
species, Pithecellobium trinitense, Guettarda urbaniana  an d  Gesneria clarensis ssp. clarensis] 
ch arac te rize  th e  area . N oted  endem ics in com m on w ith  th e  m o u n ta in s of O riente are  M agnolia  
cubensis s. 1., H edyosm um  grisebachii (F ig . 7), Coccoloba w rightii, Ossaea ottoschm idtii, Clidemia 
w righ tii, C. capitu liflora , M eliosm a oppositifolia , Ocotea ekm an ii, e tc . Also, m an y  C aribbean  — 
N eo tro p ica l e lem en ts o f m on tane  ra in fo rests  occur, e.g., Ocotea cuneata, 0 . w rightii, Guatteria 
b la in ii , Oxandra laurifo lia , Garrya fa d ye n i, e tc . Some elem en ts o f th e  lim estone fo res t com ­
m u n itie s  o f  w este rn  C uba reaching eas tw ard  th is  sector are Tabebuia sauvallei, S a p iu m  leuco- 
g yu m , R h ytidophyllum  w rightianum , K a rw in sk ia  rocana, Rondeletia odorata, an d  M iconia  
cubensis.

D is tr ic t В .2 .1 .: T rin id ad  H eights (T rin idadense)

a. G eography: S teep ly  inclined  m o u n ta in s w ith  th e  h ighest p o in t a t  1156 m a n d  a cen tra l 
p la te a u  a t  700 m. T he p a ren ta l rocks a re  m ain ly  lim estone or crysta lline  sla te . E x ten siv e  
lim estone and  do lom ite  k a rs ts  in  th e  c en tra l an d  so u th -eas te rn  p a r t,  and a g ran o d io rite  zone 
w ith  sc a tte re d  se rpen tine  ou tcrops (San B ias) in th e  west. H um ic  carb o n a ted  soils on  the  
so u th e rn  slopes, tro p ica l b row n soils on th e  n o rth e rn  sides, acid ic  yellow ish-red soils in  the  
m o n ta n e  zone.
b. C lim ate: Seasonal w ith  d ry  w in ter of 3 -4  m o n th s d u ra tio n  u p  to  an  a ltitu d e  a b o u t 400 m. 
One or tw o d ry  m o n th s up  to 700 m  an d  m oist ra in fo rest c lim ate  fu r th e r  up . T he a n n u a l 
p re c ip ita tio n  is 1200-2300 mm.
c. F lo ra : In  ad d itio n  to  th e  regional endem ics m en tioned  above, a nu m b er o f local endem ics 
occur, p a r ticu la r ly  in  th e  m on tane  ra in fo rests , e.g., Calyptronom a microcarpa, P ilea clarana, 
P. cacum inum , R hytidophyllum  lomense, C alyptranthes lom ensis, a n d  S p an iopappus iodostylus. 
T he m o n ta n e  k a rs ts  o f Pico Potrerillo  — th e  co n tac t a rea  o f m on tane  ra in fo rests , sem i­
deciduous fo rests a n d  k a rstic  fo rests — is especially  rich  in  local endem ics ( Vernonia pot- 
rerilloana, Rondeletia potrerilloana, K a rw in sk ia  potrerilloana, D aphnopsis a la in ii, B anara  gla- 
berrima, Psychotria m artii, etc.). The H a n ab a n illa  a rea  (P sid iu m  celastroides, Erigeron capilli- 
pes, Cardam ine porphyrophylla) an d  th e  k a rs ts  o f B uenos A ires (P inguicu la  ja c k i i ) (F ig . 40) 
m ay  also be  m en tioned . On th e  d ry  so u th e rn  slopes several endem ics w ith  p o in t-lik e  geogra-
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o PinguiculQ filifolia •  Pinguicula Jackii A Pinguicula lignicola
+ P. albida ж P. benedicta
F ig . 40. G eographical d is tr ib u tio n  of th e  C uban ta x a  of th e  genus P inguicula  (L en tib u la riaceae) 

(a fte r  B is s e , L ip po l d  and  Ca sper  1975)

p h ic a l  d is trib u tio n  occur, fo r in s tan ce , M achaonia pubescens (Fig. 38) an d  Guettarda ner­
vosa.
d. Vegetation; D ry everg reen  shrubw oods on  th e  so u th e rn  slopes up  to 200 m , d ry  evergreen 
fo res ts  u p  to  550 m. In  P ico P o tre rillo  occurs th e  sem i-deciduous forest a t  th e  h ig h est a ltitu d e  
in  C uba (900 m). In  th e  in te r io r  o f th e  m o u n ta in s an d  on th e  n o rth e rn  slopes th e  seasonal 
ev erg reen  forest b e lt occurs a t  an  e lev atio n  as low as 400 m. A t ab o u t 800 m  th e  v eg eta tio n  
tu rn s  in to  m ontane ra in fo re s ts . In  th e  h igh  p a r ts  o f th e  va lleys m o n tan e  ra in fo rests  m ay  
o ccu r dow nw ards to  5 -600  m  som e m o n tan e  e lem ents m ay  descend along th e  w atercourses 
ev en  to  th e  plains (e.g., C alyptronom a du lcis). In  m an y  v a lley s secondary  fo res ts of th e  in tro ­
d u ced  Syzyg iu m  jam bos p red o m in a te .

D is tr ic t  B.2.2.: S anc ti S p iritu s  H eigh ts (S pirituense)

a. Geography: M ounta inous a rea  eas t of th e  A gabam a r iv e r, sim ilar to th e  p reced ing  d is tr ic t 
in  geology, a lthough  m u ch  less k a rs tic  fo rm atio n s occur. T he h ighest p o in t is 843 m a t  the  
B an ao  P eak . H u m ic-ca rb o n a ted  soils p red o m in ate .
b. Climate: Seasonal w ith  d ry  w in ter; 3 -4 , or a t  th e  h ig h er a ltitu d e  1-2 d ry  m onths. The 
a n n u a l p rec ip ita tio n  is 1600-1800 m m .
c. Flora: Due to the  d rie r  c lim ate  and  low er a lt i tu d e  th e  m o n tan e  ra in fo re s t b e lt is lacking 
a lth o u g h  some m on tane  e lem en ts  occur, as M erian ia  leucantha  ssp. na n a , Torralbasia cunei- 
fo lia .  Y e t, th is  area possesses a b o u t ten  local endem ics, such  as Tetrazygia aurea, P achyanthus 
d e m en tis , Rondeletia bicolor, R . convoluta, H yperbaena acutifolia , Pilea dem en tis, Dorstenia  
rocana, a n d  Psychotria banaoana.
d. Vegetation: Less d iv erse  th a n  th e  v eg e ta tio n  of th e  p reced ing  d is tric t. Sem i-deciduous 
fo res ts  an d , a t a h igher a lt i tu d e , seasonal evergreen forests rep resen t th e  d o m in a n t types.

Sector B .3 .:  Eastern central Cuba (C am agiieyicum ) (F ig . 41)

M ainly  young p la in s fo rm ed  a t th e  end of th e  T e rtia ry  an d  in  the  Q u a te rn a ry . E m erg en t, 
s tro n g ly  eroded C retaceous block m o u n ta in s (C ubitas, Chorrillo, Ja tib o n ico ) and  denuded  
se rp en tin e  ridges m ake th e  geology of th is  a rea  m ore d iverse. T he lim estone f lo ra  is o rig ina ted  
m a in ly  from  the  so u th e rn  slopes of th e  B aracoa M oun ta ins v ia  th e  k a rsts  o f S ierra M aestra
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an d  S ierra  de N ipe. T h e  serpen tine  e lem en ts cam e d irec tly  fro m  Nipe and reached  th e  ser­
p e n tin e  hills a round  H olgu in . An evidence of th is is th e  re ce n t d is trib u tio n  of th ree  endem ic 
genera  in com m on w ith  O riente (H em ithrinax , Doerpfeldia  a n d  Henoonia). The co lo n izatio n  of 
th e  p la ins by  p lan ts  w as influenced by th e  re la tiv e ly  early  rise  o f th e  n o rth ern  coast in  c en tra l 
C uba: in  th e  n o rth  th e  O rien te  flora m ig ra ted  to  th e  fa r th e s t  w hereas on the  so u th e rn  coasts 
th e  m o st in tensive  m ig ra tio n  was ex h ib ited  by  th e  w este rn  elem ents. This d isc rep an cy  is 
expressed  by th e  w ell-m arked  recent b o u n d a ry  of th e  tw o sectors.

T he descent o f p lan ts  to  the  low lands resu lted  in  a  sign ifican t change of b o th  th e  
se rp en tin e  flo ra  and  th e  xe ro th e rm  forest f lo ra . In  th is  re g ard , th e  secondary  spéc ia tion  w ith in  
tw o y o u n g  palm  genera  o f h igh genetic p la s tic ity , Copernicia  (F igs 36, 42) and Coccothrinax, 
w as p a rticu la rly  in ten siv e  producing severa l ta x a  of h y b rid  orig in  (Copernicia X te x ti lis ,  С. X 
sueroana, C .X verp ertilio n u m , C .X burretiana , C .X  shaferi). In  ad d itio n , Copernicia gigas, C. 
hospita , C. rigida, C. yarey , C. molineti, C. curbeloi, Coccothrinax salvatoris and C. clarensis m ay  
be m en tio n ed . T yp ical a re  th e  endem ic species in  com m on w ith  so u th e rn  O riente, e.g ., D oerp­
fe ld ia  cubensis, H enoonia brittonii, Eriochloa ekm anii, M im osa  fagaracantha, Jatropha  tup i-  
fo lia , Sarcomphalus acutifo lius, Croton m yric ifo liu s , R avenia  clementiana, Pictetia m arginata , 
Tabebuia trachycarpa, B ry a  chrysogonii, Polygala guantanam ana , and  Antirhea aristata.

F ig . 41. T he ph y to g eo g rap h ica l subdiv ision  of th e  e a s te rn  p a r t  o f the  C entral C uban  su b ­
p rov ince

B.2. S ec to r: G uam uhaya M assif (T rin id a d icu m )
B.2.1. D istric t: T rin id a d  H e ig h ts (Trinidadense)
B.2.2. D istric t: S ancti S p iritu s H e ig h ts  (Spirituënse)

B.3. S ec to r: E aste rn  C entra l C uba (Camagiieyicum )
B.3.1. D istric t: Claraënse 
B .3.2. D istric t: Camagiieyense 
B.3.3. D istric t: Holguinense  
B.3.4. D istric t: Sagiiense 
B.3.5. D istric t: Guaimarense  
B.3.6. D istric t: Cautoënse 
B .3.7. D istric t: Gibarense
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Sub-sector В .З .а . : Isolated serpentine areas o f  M otembo  — H olguin  (E u-C am agiieyi- 
cum ) (F ig . 41)

F o u r serpen tine  o u tcro p s of d ifferen t a rea  100-200 k ilom eters a p a r t fro m  one ano th er. 
T he sm allest one is M otem bo hav ing  an  a rea  of a b o u t 50 k m 2, the  o thers are  o f 500-800 k m 2 
a rea  each . D espite  th e  iso la tion , th e  flo ra  is u n e x p ec te d ly  uniform . The presence  of Pan- 
C u b an  endem ics and  th e  absence of M oacroton  a n d  th e  A n em ia  coriacea agg reg a te  (Figs 11 
an d  12) characterize  all areas. Some exclusively  local endem ics also occur, e.g ., Jacaranda  
cowellii, Zanthoxylum  nannophyllum , M yrtu s anom ala , an d  Coccoloba geniculata  (F ig . 22).

N um erous se rp en tin o p h ilo u s species occur on ly  in tw o neighbouring areas. F o r in stance, 
co m m o n  endem ics of th e  L as Villas and  C am agüey  serpen tines are: Croton nephrophyllus,
C. cam agüeyensis, C. heteropleurus, D aphnopsis oblongifolia, M achaonia subinerm is  (Fig. 38), 
Gochnatia cowellii, T hym opsis thymoides. T he n u m b er o f C am agüey— H olguin endem ics is m uch  
la rg e r, e.g ., Platygyne parv ifo lia  (Fig. 14), Ja cq u in ia  shaferi, Stenandrium  crenatum , Cordia 
grisebachii, M yrtus cabanasensis, K a rw in skia  orbiculata, Ginoria microphylla, Polygala ambi- 
gens, N otodon savannarum , and  Coccoloba cowellii.

D is tr ic t  В .З .1 .: T he se rpen tine  of S a n ta  C lara (Claraënse)

a. Geography: H illy  se rp en tin e  area w ith  em erg en t ridges, in  Sierra de A g abam a u p  to  450 m, 
w ith  g ab b ro  and  lim esone ou tcrops. R ed fe rra litic  soils, occasionally  w ith  pseudoglei ch arac te r, 
a n d  b ro w n  soils cover th e  f ir s t ,  hum ic carb o n a te d  soils th e  second. The iso lated  se rpen tine  area 
a ro u n d  M otem bo also belongs to  th is d is tric t.
b. Climate: Seasonal w ith  5 -6  (or 3 -4  in  th e  n o rth )  d ry  m on ths in  th e  w in te r. T he an n u al 
p re c ip ita tio n  is 1100-1600 m m .
c. Flora: In  ad d itio n  to  th o se  m entioned above, a b o u t  15 local endem ics occur. F o r  exam ple, 
E u g en ia  clarensis, E . subdisticha, Guettarda clarensis, G. roigiana, X ylo sm a  acunae, K a r­
w in sk ia  oblongifolia, H ypericum  ophiticola, X y lo sm a  claraense, Melocactus actinacanthus, 
D orstenia  lanei, H arpalyce macrocarpa. To th e  M otem bo area  Paspalum  edm ondi, P . motem- 
boense, Cheilophyllum  sphaerocarpum  and  Scleria motemboensis are endem ic.

A C. hospita □ С. X textilis
+ C. Burretiana ♦ С. X vespertilionum
• C. fallaense о C. Baileyana
V C. Sueroana ГГПТТПC. gigas

Fig. 42. G eographical d is tr ib u tio n  of som e C en tra l a n d  E as t-C u b an  tax a  of th e  genus Copernicia 
(a fte r  D a h l g r e n  and  G l a s s m a n  1963, m odified)
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d. Vegetation: D ry  evergreen th o rn y  sh ru b la n d s . E vergreen  shrubw oods and  forests on  th e  
b ro w n  soils. In  m a n y  places forests an d  sh rubw oods are  replaced b y  secondary  d w a rf grass 
sa v a n n as  an d  seco n d ary  B rya  and  Dichrostachys scrubs.

D is tr ic t B .3 .2 .: T he serpentine of n o r th e rn  C am agüey (C am agiieyense)

a. Geography: Low , g en tly  rolling f la tlan d . D ifferen t a llite -ferritic  soils derived  from  se rp en ­
tin e , m agnesium  hum ic-ca rb o n a te  soils, in  th e  n o rth w est fe rritic  latosols. H ere an d  th ere  
g ra n ite , p o rp h y rite  a n d  d iorite  in trusions occur.
b. Climate: Seasonal w ith  d ry  w in ter o f 5—6 m o n th s d u ra tio n  and  1200-1400 m m  a n n u a l 
p rec ip ita tio n .
c. Flora: In  a d d itio n  to  th e  com m on serp en tin o p h ilo u s endem ics lis ted  above, th is d is tr ic t  has 
15 local endem ic species. In  p a rticu la r, th e  p a lm s (Copernicia cowellii, Coccothrinax camagiie- 
ya n a , C. pseudorig ida  (Fig. 42) are fam ous. F u r th e r  endem ics a re  R eynosia camagüey ensis, 
R a n d ia  acunae, W altheria ovalifolia, Eugenia  shaferi, E . malanadenia  ssp. santayana, Cameraria  
m icrophylla, N a sh ia  variifolia , Cheilophyllum  m acranthum , Ju stic ia  stenophylla, Rondeletia  
in su la ris , Guettarda camagüey ensis, and  W edelia urbanii.
cl. Vegetation: T he p r im a ry  vegeta tion  of th is  d is tr ic t  is evergreen th o rn y  shrubw oods w ith  
d w arf  p a lm s and  sh ru b lan d s w ith  sm all g ra ssy  clearings. The la t te r  ty p e  becam e g rad u a lly  
p re d o m in an t due to  b u rn in g  and grazing. T h e  fo rm erly  w idespread view  th a t  th e  “ serp en tin e  
sa v a n n as”  a re  o rig ina l is no t supported  b y  th e  com parative  tax o n o m ic-phy togeograph ic- 
phytosocio logic s tu d ies  o f the  a u th o r (see B o r i i i d i  and H e r r e r a  1977, B o r h i d i  1973, 
1974, 1976).

D is tr ic t B .3 .3 .: T h e  serpentine of H o lg u in  (H olguinense)

a. Geography: A d iversified  hilly landscape  w ith  wide ridges and  inclined  conical se rpen tine  
hills w ith  iso la ted  lim estone  terraces an d  cliffs. On th e  SW  an d  N E  bord er of th e  area  th e re  
a re  red  a llitic -fe rritic  soils. E lsew here tro p ic a l b row n soils derived  from  se rpen tine  p re ­
d o m in a te .
h. Climate: Seasonal w ith  two dry  seasons. 5—6 d ry  m onths, 800-1200 m m  an n u al p re c ip ita tio n , 
c. Flora: R ich  in  endem ics. The flo ra, especially  in  Cerro G alano, is closely re la te d  to  th a t  of 
Sierra de N ipe a n d  S ierra  del Cristal w ith  sev e ra l endem ics in  com m on, for exam ple, Spiro- 
thecoma holguinensis , P iper holguinianum , A te ra m n u s revolutus, Moacroton lanceolatus, Jacquin ia  
robusta, B rya  h irsu ta , Leucocroton saxicola, Salacia  n ipensis, A n tirhea  ophiticola, E uphorbia  
podocarpifolia , A n tirh ea  m inutifo lia , Coccoloba n ipensis, Guettarda shaferi. A p p ro x im ate ly  20 
local endem ics h av e  been  ind ica ted , e.g., A gave anomala, Coccothrinax garciana, Acacia belai- 
rioides, P ithecellobium  savannarum , C aesalpinia hermeliae, Acidocroton trichophyllus, Chamaesyce 
f il ic a u lis , B u xu s  heterophylla, Neobesseya cubensis, Justic ia  tomentulosa, Rondeletia savanna- 
rum , R . shaferi, Gochnatia parvifolia , C assia holguinensis, Croton acunae, C. holguinensis, 
M elocactus holguinensis  (Fig. 45), M achaonia urbinoi (Fig. 38), Oplonia multigem m a  (F ig. 40). 
cl. Vegetation: T he conical serpentine m o u n ta in s , th e  rocky ridges an d  th e  p lains were fo rm erly  
covered  b y  th o rn y  solerophyllous evergreen sh rubw oods con ta in ing  d w arf palm s. These h av e  
been rep laced  b y  seco n d ary  savannas w ith  sh o r t  grasses an d  palm s. T he m icrophyllous sem i- 
deciduous fo rests in  th e  valleys were c leared  a n d  th e n  tu rn ed  to  a g ricu ltu ra l lands.

Sub-sector В.З.Ь. : The lowlands, lim estone hills, south-coastal zones and keys o f  
eastern central Cuba  (G uaim aricum ) (F ig . 41)

M ainly  fa rm lan d  w ith  unvaried  v e g e ta tio n . T he po in ts m ade in  B .l  an d  B.3 are re le v an t 
here, too . Plie flo ra  is characterized  by  re la tiv e ly  few endem ics, in  p a rticu la r , Copernicia
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hospita , C. gigas, C. vespertilionum , C. textilis, C. sueroana, C. baileyana  (Fig. 42) and H ilde- 
gaardia  cubensis (reach ing  to  th e  n o rth e rn  coasts a n d  keys too and th e  x e ro th e rm  endem ics in  
co m m o n  w ith  so u th e rn  a rid  zone of O riente. I ts  p h y to g eo g rap h ic  d iv is ion  is based  p rim arily  
o n  th e  characteris tics o f lan d s  because th e  p h y to g eo g rap h ica l boundaries have  been obscured  
as a re su lt of hu m an  im p a c t. M any im p o rta n t e lem en ts o f th e  N eotrop ical x e ro th e rm  flo ra , 
su ch  as Phyllostylon brasiliensis  and  Prosopis ju liflo ra  hav e  reached  th is  sub-sector from  
th e  eas t.

D is tr ic t  B .3.4.: T he h illy  and  f la t  a reas an d  th e  n o rth e rn  coasta l zone in L as 
V illas (Saguënse)

a. Geography: D iversified  lan dscape. The co asta l zone is covered b y  p e a ty  and  m eadow  soils 
developed  on Q u a te rn a ry  sed im en ts. On th e  Ju ra ss ic  lim estone of th e  n o rth w estern  he igh ts 
a n d  th e  Cretaceous lim esto n e  of th e  n o rth e a s te rn  heigh ts (including Sierra de Ja tib o n ico ) 
th e re  are  h u m ic-ca rb o n a ted  soils. In  th e  v a lleys fe rra litic  soils are  p red o m in an t. In  th e  low ­
lan d s  an d  hills of th e  w est a n d  sou thw est th e  tro p ic a l b row n soils derived  from  young T e rtia ry  
sed im en ts  cover ex tensive  areas.
b. Climate: Seasonal b ix e ric  w ith  two d ry  season  (3—4 m onths) on th e  n o rth e rn  coast. E lse ­
w here  m onoxeric seasonal w ith  d ry  w in te r (5—6 m onths). A t th e  n o rth eas te rn  heights on ly  
3—4 d ry  m onths. A n n u a l p re c ip ita tio n  is 1200-1600 m m  on th e  average.
c. Flora: I t  is ch arac te rized  b y  th e  forest e lem en ts of lim estone rocks, these  a re  in fac t ty p ic a l 
o f th e  whole coun try . T h e  C aguaguas m ogotes a t  Sagua la G rande possess a special f lo ra , 
in c lu d in g  the  re p re se n ta tiv e s  of two ra re  endem ic genera [H em ithrinax ekm aniana  (Fig. 13), 
M egalopanax rex]. E n d e m ic  palm s of th e  sa v a n n as  are Copernicia burretiana, C. textilis, C. 
m olineti (Fig. 42). C aesalp in ia  savannarum  a n d  C. glaucophylla  a re  also endem ic species o f 
th e  savannas.
d. Vegetation: The c o a s ta l  zone is lined w ith  a b ro ad  m angrove  b e lt. On th e  m eadow  soils 
m o is t and  treeless se c o n d ary  savannas p re d o m in a te  tak in g  th e  p lace of th e  form er w ood­
lan d s . In  th e  hills som e frag m en ts  of sem i-deciduous fo rests rep re sen t th e  n a tu ra l c lim ax  
v e g e ta tio n . M ost p a r t  o f th is  area is a g ricu ltu ra l lan d , all th e  trop ical b row n and  red  fe rra llitic  
soils are  u tilized  for a g r ic u ltu ra l purposes. On th e  m ocarrero  soils in  th e  so u th east sem i- 
c u ltu re  savannas w ith  Copernicia  palm s occur, p ro b ab ly  in th e  place of m icrophyllous sem i- 
deciduous forests.

D is tr ic t B .3.5.: T he Ciego de Avila — A lto  C edro—La M aya p la in s (G uaim arense)

The cen tral a n d  so u th e rn  p a rts  of C am agüey  and  the  w este rn  low lands in  O rien te , 
e x cep t the  n o rth ern  co as ta l zone and the  low C auto  B asin  are included.
a. Geography: M ainly d e n u d ed  plains w ith  a gen tle  in clin atio n  to w ards th e  so u th e rn  coast. 
A long  th e  shore a w ide sw am p belt occurs. In  w este rn  C am agüey, on th e  p la in  of Ciego de 
A vila-M orón, m ain ly  calcareous and  fertile  red  fe rra llitic  soils a re  found . In  th e  C am agüey- 
T u n as-H o lg u in  den u d ed  p la in s  in  th e  in te rio r  o f th e  is land  excep t th e  area  of d is tric ts  B .3 .3 .— 
B .3 .4 . trop ical brow n soils p red o m in ate . T he k a rs tic  lim estone m o u n ta in s (Sierra de N a jasa) 
a re  covered w ith h u m id -c a rb o n a ted  soils. In  th e  low lands paralle l to  th e  coast alluv ial soils 
a re  th e  m ost com m on. T ro p ica l b row n soils w ith  m ocarrero  m osaics are also found  here. 
T h e  on ly  sandy area o f c en tra l Cuba is lo ca ted  so u th  of V ictoria  de las T unas w ith  a pecu lia r 
f lo ra  an d  fauna.
b. Climate: Seasonal tro p ic a l w hich is d ry  in  th e  w in ter. 5 -6  d ry  m o n th s occur pe r year. In  
so u th e rn  Cam agüey p e rs is ts  a m ore hum id  c lim ate  w ith  3 -4  d ry  m o n th s in  th e  w in ter. E a s t  
o f H olgu in  and in  th e  n o r th e rn  foothills o f S ierra  M aestra  th ere  are tw o d ry  seasons of 5—6
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m o n th s d u ra tio n . The a n n u a l p re c ip ita tio n  is 1800 m m  in  th e  w est an d  g ra d u a lly  decreases 
eas tw ard  to a level of 800 m m /year.
c. Flora: Sim ilar to th a t  o f th e  p reced ing  d is tr ic t. S trongly  a ffec ted  by  h u m an  im p a c t and  
q u ite  un iform . Some local endem ics occu rrin g  in  certa in  places, e.g., Cleome tenuifo lia  (G albis), 
C aesalpinia hornei (Ciego de Avila). R ondeletia  gamboana, Catesbaea gamboana, Cleome gam - 
boensis an d  Copernicia longiglossa is fo u n d  on  th e  sands a t  V ictoria  de las T u n as , th e  la t te r  
also a t  D um aiiuecos (!). A t th e  edge of th e  C auto  valley  Ateleia parvifoliola  (M ir), Crotalaria 
urbaniana  and  Bergia sessiliflora  (B ay am o ), Coccothrinax savannarum  an d  C. pauciflo ra  
(M iranda) occur.
cl. Vegetation: The n a tu ra l v eg eta tion  o f th e  fe rra llitic  soils in  th e  c en tra l C uban  den u d ed  
p lains a re  seasonal evergreen  forests, sem i-deciduous forests an d  ga lle ry  fo rests a long  the  
rivers on  alluv ial soils a n d  b lack  trop ical soils. In  th e  brow n soil zone of th e  C am ag ü ey -T u n as— 
H olguin  p lains ex tensive  sem i-deciduous fo re s ts  w ith  Swietenia mahagóni were fo u n d  even  a t  
th e  tu rn  of th is cen tu ry . T his species is s till  p re se n t as a s tan d ard  tree  in  th e  recen t deciduous 
tree -sav an n as. On sand  a n d  m ocarrero  m ic ro p h y llo u s sem i-deciduous fo rests w ith  C opernicia  
pa lm s, re m n a n ts  of open fo rests w ith  loose can o p y  lay e r (foret claire) a n d  th e ir  de riv ed  sa v a n ­
nas a re  found . T he shoreline is covered b y  b ro a d  m angrove v eg eta tio n . On th e  rocks o f Sierra 
de Na jo sa th e  eas te rn  versions of k a rstic  fo res ts  occur in w hich Coccothrinax p a lm s a n d  cacti 
are  ty p ica l.

D is tr ic t B .3.6.: The C auto  B asin (C autoënse)

a. Geography: The a llu v ia l a rea  and  the  d e lta  o f Rio Cauto are am ong  th e  y o u n g est a reas on 
th e  su rface  of Cuba. T he de lta  is covered  b y  p e a ty  soils con ta in ing  b rack ish  w a te r. On th e  
a llu v iu m  tro p ical b lack  soils and  a lluvial soils a re  found. These te n d  to  becom e a lk a lin e  soils 
in  som e places.
b. Climate: Seasonal w ith  d ry  w in ter in th e  w est. Two dry  seasons in th e  eas te rn  p a r t  o f the  
area  w ith  a to ta l of 5 -6  d ry  m onths. T he a n n u a l p rec ip ita tio n  is a b o u t 700-1200 m m .
c. Flora: D ep au p era ted  upo n  hum an  in flu en ce , m onotonous, species poor. Chamaesyce bira- 
mensis is an  endem ic of th e  m arshes in  th e  d e lta  area.
cl. Vegetation: Only a few  degraded s ta n d s  o f th e  extensive ra in fo rest-lik e  g a lle ry  fo rests 
rem ained . The n a tu ra l v eg eta tio n  is rep laced  b y  treeless m arshy  m eadow s an d  m oist sa v a n n as . 
As a re su lt of defo resta tion , erosion is in ten siv e .

D istric t B .3.7.: L itto ra l terraces a n d  islands of th e  n o rth e rn  coasta l a re a ; th e  
Cayo F ra n c e s—T u riguanó  —Cebolla zone (G ibarense)

a. Geography: The f la t  coasta l area and  th e  arch ipelago  are com posed of young  T e r t ia ry  and  
Q u a te rn a ry  lim estone sed im en ts and  subfossil p e a t  layers. T here a re , too , som e sm all lim estone  
o u tcrops (T uriguanó, Cayo R om ano). F o r  p h y to g eo g rap h ic  reasons, th e  h igher lim esto n e  hills 
and  k a rs tic  m o u n ta ins, L om a Cunagua, th e  u p p e r  C retaceous-E ocene blocks o f th e  S ierra  de 
C ubitas an d  the  lim estone  m ountains o f th e  M ariabón  group a t  G ibara  an d  B anes a re  also 
assigned to  th is d is tric t. S a lt m arshes a n d  f l a t  k a rs ts  covered by  shallow  h u m ic -ca rb o n a ted  
soils a lte rn a te  in th is a rea . O ccasionally, sm alle r serpen tine, g abbro  an d  d iab ase  o u tcro p s 
increase  th e  geological v a ria b ility  (P u erto  P a d re , B ahia  de N aran jo ). T he hills an d  m o u n ta in s  
a re  covered  by tro p ical b row n soils and  b ro w n  carb o n a ted  soils. In  th e  valleys o f  S ierra de 
C ubitas red  ferra litic  soils occur.
b. Climate: Seasonal b ixeric  clim ate w ith  tw o  d ry  seasons. In  general, 5-6  d ry  m o n th s  occur, 
7 -8  in  th e  islands and  on ly  3-4  in the  e as t a t  B anes. T he ann u al p re c ip ita tio n  is 700-1100 m m  
on th e  average. The p re c ip ita tio n  is low in  th e  P u e rto  P a d re -G ib a ra  a rea  w here c lim ate  is
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sim ila r to th a t  of S o u th -O rie n te  an d  som etim es y ea rs  o f  ex trem e  d ro u g h t m ay also oc­
cur.
c. Flora: Local x e ro th e rm  endem ics. T he close re la tio n sh ip  to  th e  flo ra  o f B ah am as is in d ica ted  
b y  m an y  species sh a red  b y  th e  tw o regions, e.g., G uapira  bracei, Pithecellobium m illspaughii, 
E u g en ia  lucayana, Cordia baham ensis, Auerodendron northropianum  an d  Phialanthus myrtilloi- 
des. R ela tive ly  few in d ig en o u s species are ty p ica l o f  th e  w hole d is tr ic t , fo r exam ple, Cocco- 
th rin a x  salvatoris, Trich ilia  p ungens, Sarcomphalus obovatus. On th e  c o n tra ry , m any  local 
endem ics are found in  th e  is lan d s  an d  peninsulas e.g ., Chamaesyce paredonensis, H eliotropium  
m yriophyllum  (Cayo P a re d o n  G rande), Selenicereus brevispinus, N ash ia  cayensis, Isocarpha  
glabrata, Notodon cayensis (Cayo G uayaba), Crescentia m irabilis  (Cayo Sabinal). Guettarda 
lanuginosa  and A rgytham nia  m icrophylla  are in  com m on w ith  Sierra de C ubitas and  th e  coast. 
Coccothrinax muricata is a n  endem ic  pa lm  species o f th e  C ub itas a n d  N a jasa  m ountains. A local 
endem ic  of Sierra de C u b itas  is Guettarda m un izii. Copernicia oxycalyx  occurs in  th e  sav an n as 
o f  M anati. The P u erto  P a d re -P la y a  H errad u ra  a rea  is th e  r ich es t in  endem ics, e.g., X im en ia  
roig ii, Acacia cupeyensis, A .  curbeloi, A . roigii, Z a n th o xylu m  curbeloi, B anara  w ilsoni, Tabebuia  
truncata, Xylosm a roigii, R a n d ia  costata, Baccharis orientalis ssp. orientalis, Galactia rotundata  
a n d  Casasia clusiifolia  v a r . h irsu ta  are endem ic to  G ib ara  a n d  su rro u n d in g s, w hereas Pictetia  
arborescens is endem ic to  P la y a  Pesquero  N uevo. E ugenia  pteroclada  is a n  endem ic species of 
B anes. In  the very  d ry  c o as ta l a rea  betw een P u e rto  P a d re  a n d  B anes som e elem ents of th e  
so u th e rn  O riente sem i-d ese rt zone also occur, fo r in s tan c e , Lemairocereus hystrix, B onania  
m icrophylla, A m yris  d ia tryp a , Sam yda ram osissim a , Cordia curbeloi, E upatorium  littorale, 
T h o u in ia  pseudopunctata, Pseudocarpidium  avicennioides, Oplonia polyece, and  Doerpfeldia  
cubensis.
d. Vegetation: Besides th e  ex ten siv e  m angroves, th e  m o st a ttra c t iv e  ty p es  are th e  d ry  ever­
g reen  forests and x e ro th e rm  evergreen  scrubs of f la t  k a rs ts . T he fo rm er gallery  forests grow n 
o n  a llu v ia l soils have b een  rep laced  by  secondary  sav a n n as . T he n a tu ra l v eg eta tio n  on brow n 
soils is th e  sem i-deciduous fo res t as seen in  Lom a C unagua  an d  th e  v a lleys of Sierra de Cubi­
ta s .  T he eastern  C uban k a rs tic  m ogotes w ith  Coccothrinax pa lm s have  been  even less in te n ­
sive ly  studied.

SU B -PR O V IN C E  C: E A S T E R N  CUBA (O R IE N T O -C U B A N IC U M ) (Fig. 43)

This phy to g eo g rap h ic  u n i t  includes two big m assifs in  O rien te , th e  Sierra M aestra and  
th e  N ipe-B aracoa range, th e  b a s in  in  betw een an d  th e  a d ja c e n t co asta l low lands. This a rea  is 
considered  to be th e  c rad le  o f th e  C uban flo ra  an d , to g e th e r  w ith  w este rn  H ispaniola, th e  
m o s t p rom inent cen tre  o f sp éc ia tio n  in  th e  A ntilles. In  ad d itio n  to  th e  13 Pan-C uban  an d  
5 cen tra l-eas te rn  C uban  endem ic  genera, there  are 24 genera  an d  m ore th a n  1500 species 
exclusively  endem ic to  th is  sub-prov ince. A p p ro x im ate ly  1950 endem ic ta x a ,  including w est­
e rn  an d  Pan-C uban e lem en ts , occur in th is area o f a b o u t 18 000 k in 2. T he close re la tionsh ip  
to  H ispaniola is in d ica ted  b y  te n  o th er endem ic gen era  (P lethadenia, Spirotecoma, Bellonia, 
Barleriola, Picardaea, Isidorea  M argaritopsis, Peratanthe, Fuertesiella, and  Victorinia) an d  
103 species p resent in b o th  islands. F u rth e rm o re , th is  su b -p rov ince  is th e  ev o lu tio n ary  cen tre  
o f 22 C aribbean genera , su ch  as Roystonea, Spathelia, Leucocroton, B onania , Reynosia, A uero­
dendron, Neobracea, P seudocarpidium , Gesneria, R h ytid o p h yllu m  and  Acrosynanthus, an d  th e  
la rg e s t or one of th e  la rg e s t ev o lu tio n ary  centres for a d d itio n a l 32 N eo tro p ical and P an tro p ica l 
flow ering  p lan t genera , e.g ., Coccothrinax, Lepanthes, M etop ium , B u x u s , Purdiaea, Calyptran- 
thes, P im enta, Eugenia, P achyanthus, Ossaea, Lyon ia , Tabebuia, Dorstenia, Coccoloba, Schoepfia  
P ilea  (shared  w ith  H isp an io la ), Harpalyce, A m y r is , Rondeletia  and  Gochnatia. I t  m ay  he 
concluded  from  th is lis t t h a t  th is  a rea  is in  fac t one of th e  rich est gene reserves of th e  w orld. 
I t s  exp lora tion , how ever, is b y  no m eans com plete.
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Fig. 43. T he p h y togeograph ica l subd iv ision  of the  E as t-C u b a n  sub-prov ince
C .l. Sector: S agua-B aracoa  m assif (M oanicum )

C.1.1. D is tr ic t: N ipe M ountains (N ip en se )
C .l .2. D is tric t: C ristal M ountains (Cristalense)
C.1.3. D is tr ic t: M oa and  Toa M ountains ( M oaënse)
C.1.4. D is tr ic t: S e rpen tines of B aracoa ( Baracoënse)
C.1.5 .D istric t: Furialense
C .l.6. D is tric t: Yaterense

C.2. Sector: S ierra  M aestra  (M aestricum )
C.2.1. D is tric t: W este rn  M aestra (Turquinense)
C.2.2. D is tric t: E a s te rn  M aestra ( Piedraënse)
C.2.3. D is tric t: M ogotes of the  M aestra ( B nirense )

C.3. Sector: S o u th -eas te rn  coasts (Santiagicum )
C.3.1. D istric t: Pilonense 
C.3.2. D istric t: Uveroënse 
C.3.3. D istric t: Guantanamense

Two hum id m o u n ta inous a reas (S ierra  M aestra  and  N ipe-B aracoa) and  an  arid  co asta l 
p la in  is included in  th is  p h y to g eo g rap h ica l category . The m o u n ta in s  have  th ree  endem ic 
genera  ( S yn a p sis , Zonanthus, Triscenia) an d  m ore th a n  325 endem ic species, m ainly o rch ids 
(e.g ., Pleurothallis, Lepanthes, E pidendrum , M axilla ria  species). F u rth e rm o re , m an y  species of 
L yo n ia , Coccoloba, Clusia, Pilea, Peperomia, Ossaea, M iconia, Calycogonium , E upa torium  and  
V ernonia ; and  several m o n tane  species, such as Clethra cubensis, M agnolia  cubensis, Purdiaea  
nipensis, Euphorbia helenae, C alyptronom a dem entis, Ilex m acfadyen ii, M yrica  puncta ta , M . 
shaferi, Cleyera n im anim ae, Guatteria moralesi, Illic iu m  cubense, Laplacea ekm anii, L . w rightii, 
Dalbergaria cubensis and  B um elia  ju b illa  m ay  be m entioned. C o n trary w ise , th e  a rid  co asta l 
p la in  has m an y  species in com m on p rim arily  w ith  the  lim estone k a rs ts  of m o u n ta in s, e.g., 
H yperbaena cubensis, Calliandra orientalis, C. colletioides, Alvaradoa arborescens, Bursera glauca, 
Stigm aphyllon lineare, S. sericeum, P lum eria  stenophylla, Rochefortia stellata, Tabebuia areni- 
cola, T . hypoleuca, T . libanensis, T . sim plicifo lia , Gesneria gibberosa, R hytidophyllum  inter­
m edium , Agave underwoodi, Rondeletia lom ensis, R . baracoensis, E u p a to r iu m  (G risebach ian thus) 
carsticola, A ristida  laevigata, A . pradana, R a ja n ia  baracoensis, P itca irn ia  cubensis, Aristolochia  
linden iana , Coccothrinax gundlachii an d  Gochnatia m aisiana. P a r t ic u la r  a tte n tio n  shou ld  be 
pa id  to  tw o iso lated  ancien t re lic ts o f th is  a rea , nam ely  Dracaena cubensis, w hich has its 
closest re la tiv es in  th e  Canaries and  H o n d u ra s , and  Cneorum trim eru m , th e  only N eo trop ical 
species of the  Cneoraceae w hich includes m ere ly  3 species, the  o th e r  tw o being n a tiv e  to  th e  
C anaries and  th e  E u ro p ean  M edite rranean .
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Sector С.1.: The N ip e  — Baracoa M a s s if  (M oanicum ) (F ig. 43)

E xtensive  se rp en tin e  ran g es an d  large , b o rd erin g  lim estone k a rs ts . T he flora develop­
m e n t o f th is area has b een  co n tin u o u s since th e  u p p e r Eocene. T his reg io n  is characterized  
b y  h igh  relief energy  a n d  d iversified  ed ap h ic , m acro- and m ic ro c lim atic  conditions. The 
r ic h e s t flora of th e  C arib b ean , an d  one of th e  r ich es t flo ras of th e  W orld  is found here and , 
to o , th is  area is th e  m o st s ig n ifican t e v o lu tio n ary  cen tre  of the  C uban  flo ra  and a s ta rtin g  
p o in t for the  dispersal o f species g roups w ith  d iffe ren t ecological re q u ire m e n ts  (serpentinophil- 
ous, m on tane  and k a rs tic  e lem en ts). E ig h teen  endem ic genera occur, fiv e  confined to  th is 
sec to r, nam ely  Tetralix , P h id ia sia  (Fig. 44), Schm idtottia  (16 species !), A ria d n e  and  Ekmanoch- 
loa. T he m ajo rity  o f species belonging to  h igh ly  po lym orph ic  g en era , such  as Podocarpus, 
Gochnatia, Vernonia, Guettarda, Rondeletia, P urdiaea, P hyllanthus, M oacroton  (Fig. 12), Cocco- 
loba, Casearia, Spathelia  (F ig . 6), Siphocam pylus  and  H em ithrinax  (F ig . 13), e tc ., have a lim ited  
geographica l range re s tr ic te d  to  th is  sector. T he n u m b er of regional en d em ic  species is ab o u t 
200. H ow ever, if th e  local endem ics are also considered  th is nu m b er reach es 725. Some typ ica l 
species are Podocarpus ekm a n ii, P in u s cubensis, Dracaena cubensis, Guettarda ferruginea, 
P h ylla n th u s m yrtilloides, C yrilla  cubensis, R auvolfia  salicifolia  and  Clerodendron nipense.

Sub-sector C .l.a .:  The serpentine m ountains o f  the N ip e — Baracoa M a ss if  (E u - 
M oanicum )

F our m o u n ta in s c r  m o u n ta in  groups have  been  d istingu ished  fro m  a phytogeographic 
p o in t  o f view. These are  th e  N ipe, C ristal, Moa an d  th e  B araco a-Jau co  zone. The f irs t tw o, 
j u s t  as the  second tw o, re p re se n t m ore closely re la te d  un its . N ipe an d  C ristal are separa ted  
o n ly  by  a narrow  lim estone  s tr ip , th e  valley  of Rio M ayari. The b o u n d a ry  betw een  Moa and 
B a rac o a  is a narrow  g ab b ro  zone. H ow ever, C ristal an d  Moa fall fa r a p a r t ,  th e re  is in betw een 
th e  w ide Sagua de T an am o  depression  lined  w ith  T e rtia ry  lim estones. T h is area, w ith  its 
m esophilous trop ical fo res t, m u s t have  acted  as a n  im p o rta n t b a rrie r  o f m ig ra tion  for th e  
se rp en tin e  floras. W ith in  th e  E as t-C u b an  sub-prov ince th is a rea  has th e  rich est flora. Of its 
e ig h te en  endem ic genera  s ix tee n  are confined to th is  sub-sec tor, in clud ing  all regional endem ic

Fig. 44. Geographical distribution of the endemic genera Phidiasia, Sapphoa and Shaferocharis
(after B o r h i d i  1981, modified and original)

•  Phidiasia Lindavii о Sapphoa rigidifolia 
© S. Ekmanii

a Shaferocharis cubensis 
▼ S. multiflora 
V S. villosa
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genera and  th e  m a jo rity  o f th e  725 endem ic species. T he n u m b er o f v icarious species in  th e  
m o u n ta in s is large . A lso, m an y  vicarious subspecies occur p ro v id in g  evidence for spéc ia tio n  
in  m ore recen t tim es. T h e  Calycogonium rosm arin ifo lium  (Fig. 18), Casasia nigrescens (F ig . 17), 
Moacroton lanceolatus (F ig . 12), A nem ia coriacea (F ig . 11) and  P hyllan thus myrtilloides ag g re ­
gates are exam ples. A ll developm en tal stages o f se rp en tin e  soils a re  fo u n d  in  th is  a rea  an d , 
as a re su lt of th e  d iffe re n t ecological co nd itions o f serp en tin e  h a b ita ts , th e  flo ris tic  an d  
v eg eta tio n a l v a r ia b ility  ran g es from  the  a rid  ev erg reen  sh ru b lan d s  to  th e  su b m ontane  r a in ­
forests.

D istric t С .1.1.: S ierra  de N ipe (N ipense)

a. Geography: A se rp en tin e  p la teau  a t 600 m e lev a tio n , relieved b y  n a rrow  and deep canyons 
and covered by  old fossil fe rra llitic  and fe rritic  soils. T he eroded fo rm s of these soils are m ixed  
w ith  m ore recen t se rp en tin e  rendzina on th e  ridges an d  covered  b y  th e  hum ic d rift o f slopes 
in th e  valleys.
b. Climate: Seasonal w ith  d ry  w in ter, 3-4  d ry  m o n th s  in th e  so u th  an d  1-2 d ry  m o n th s in  
th e  in te rio r. Two d ry  seasons of 3 -4  m onths d u ra tio n  on th e  n o r th e rn  slopes. M ontane r a in ­
fo rest c lim ate  a t  L om a M ensura. The an n u al p re c ip ita tio n  is be tw een  1200 and  2300 m m .
c. Flora: The re la tiv e ly  w ide clim atic cond itions of th is  sm all a rea  acco u n t p a r tly  for th e  
un iqueness of th e  flo ra . F o u r m onospecific endem ic genera, D asytrop is, Koehneola, H arnackia  
(Fig. 10) and  Ciceronia, an d  ab o u t 140 local endem ic  species, especially  from  th e  genera of 
Tabebuia, Leucocroton, Chaptalia, B runfelsia , C allicarpa, E ugenia , Calyptranthes, P hyllanthus  
and  Rhynchospora  occur. F u r th e r  21 species a re  com m on to  th is  d is tr ic t  and  th e  Cristal M oun­
ta in s, exam ples are Euphorbia  podocarpifolia, E ugenia  p iedraensis, Schm idtottia cubensis, 
Suberanlhus canellaefolius, Senecio subsquarrosus, Vernonia desiliens, a n d  Gochnatia cubensis, e tc . 
Some species are exclusively  found here and  in  M oa, being  ab sen t fro m  th e  C ristal M ountains 
in  betw een. These a re  Pithecellobium nipense, R aven ia  sim p lic ifo lia , Phyllanthus phlebocarpus, 
Ph. estrellensis, B u xu s  aneura, P hidiasia lin d a v ii (F ig . 44), M atelea n ipensis, Exostem a steno- 
p h yllum , an d  Psychotria lopezii. The richness o f ce rta in  valleys (e .g ., R io F ilo to) or peaks a n d  
ridges (L om a M ensura , L om a B andera , Lom a W inche) in local endem ics is also of p a r tic u ­
la r  in te res t.
d. Vegetation: S em i-arid  evergreen shrubw oods on  th e  sharp  ridges. V arious n a tu ra l an d  
secondary  P in u s cubensis fo rest com m unities on th e  slopes and  th e  p la teau . Sem i-arid  
m on tane  ra in fo rests p red o m in a te  along th e  w atercourses. Sem i-arid  m on tane  shrubw oods 
occur on th e  w estern  a n d  e as te rn  slopes of L om a M ensura . The “ m o n ta n e  serpen tine  sa v a n n as”  
of Carabia  (1945) hav e  been  resu lted  from  th e  d e fo re sta tio n  of re lic t pinew oods.

D istric t С.1.2.: S ierras del Cristal and  M icara (C ristalense)

a. Geography: M assif consisting  of deeply inclined  conical hills an d  sh arp  ridges. The lower 
sections are covered b y  fe rrad itic  soils. O ver 700 m these  a re  rep laced  by  yellow ish-red 
m on tane  clays.
b. Climate: More un ifo rm  th a n  th e  clim ate of th e  p reced ing  d is tr ic t. T he d ry  season is in  th e  
w in ter w ith  1-2 d ry  m o n th s  a t  the  m arg in  of th e  m o u n ta in s. H u m id  ra in fo rest c lim ate  in  th e  
in te rio r. A nnual p re c ip ita tio n  betw een 1600-2300 m m .
c. Flora: S trik ing ly  p o o r an d  m onotonous w hen  co m pared  to  th e  flo ra  of th e  neighbouring  
N ipe an d  Moa M oun ta ins. T h is is ind ica ted  b y  b reak s in  th e  d is tr ib u tio n  of num erous species 
m entioned  in th e  d iscussion  of th e  preceding d is tr ic t . T h is s itu a tio n  m ay  be p a rtia lly  acco u n ted  
for b y  th e  deficiency of these  m oun ta ins in  e x trem e , d ry  ro ck y  h a b ita ts . A nother reaso n  is 
th a t  th is  area  is n o t th o ro u g h ly  explored. T h u s , on ly  one (!) endem ic m onospecific genus
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( Eosanthe cubensis) a n d  a b o u t 50 endem ic species a re  know n. M ost o f these  species are m ark ed ly  
d iffe re n t from  th e ir  re la tiv e s , for exam ple, Lagenocarpus cubensis, Freziera conocarpa, М оасгэ- 
ton  cristalensis (F ig . 12), B u xu s imbricata, B . olivacea, Croton pachyrrhachis, Ilex  cristalensis, 
I .  eoa, I. paucinervis, I .  subavenia, Chaetocarpus cordifolius, Leucocroton obovatus, Pachyanthus 
monocephalus, Ja cq u in ia  sessiliflora, J .  oligantha , Senecio ekm anii, Sapphoa rig id ifo lia  (Fig. 44), 
A crosynanthus ovatus, Gesneria pachyclada, D endropanax nervosus, Ossaea cristalensis, e tc . 
W h ereas the  C ristal M o un ta ins are poor o n ly  in  com parison  w ith  th e  n e ighbouring  d is tr ic ts , 
th e  coniferous fo res ts o f  Sierra de M icara a re  m ono tonous by  an y  s ta n d a rd  w ith  an  on ly  
ex ce p tio n  of the  d ry  ro ck y  ridge of Saca L a L en g u a : as few as 6 -8  endem ics, such as A n n o n a  
cristalensis, E ry throxy lum  flav icans, Rondeletia bissei, Ossaea m icarensis, 0 . p inetorum , M yrtu s  
m icarensis  and  M . del-riscoi have been know n.
d. V egetation: T he con iferous zone is m uch  n a rro w er th a n  in N ipe, Seasonal everg reen  fo rests 
ru n  u p  to  an a lt i tu d e  o f 600 m w ith  m oist ra in fo re s t m osaics. B etw een 600 an d  1100 m  pine 
fo re s ts  of P inus cubensis a re  dom inan t. F ro m  1100 to  1230 m sem i-d ry  m o n tan e  sh rubw ood , 
v a r ia n t  of cloud fo res t on  serpen tine, is fo u n d . On th e  so u thern  se rp en tin e  cliffs of Pico del 
C rista l th e  ex istence of a peculiar v e g e ta tio n , n am ely  d ry  m o n tan e  ev erg reen  sh rubw oods, 
m a y  be assum ed.

D is tr ic t С.1.З.: S ie rras de Moa and  T o a  (M oaense)

The m ost ex ten siv e  floristic  d is tr ic t on  se rp en tin e . I ts  flora p ro b a b ly  has th e  longest 
h is to ry  in Cuba, as th is  a rea  is considered to  be th e  evo lu tio n ary  cen tre  o f th e  v eg e ta tio n  in  
th ese  m ountains.
a . G eography: In  gen era l, w ide and f la t  ridges an d  p la teau x  are ty p ica l (C upeyal, E l Toldo, 
A lto s de Iberia) a lth o u g h  th e  Cuchillas de T oa range  betw een  th e  Ja g u a n i  and  T oa rivers 
con sis ts  of conical a n d  py ram id al m oun ts . V ery  o ld , red  ferritic  soils p red o m in a te . In  zones 
close to  the  coast (C erro M iraflores, Y am an ig iiey ) you n g er fe rra llitic  se rp en tin e  soils a re  found . 
T h e  m iddle  and u p p e r  section  of the  Toa v a lley  is m ain ly  covered b y  yellow ish-red  m o n tan e  
soils derived  from  se rp en tin e .
b. C lim ate: The m ost h u m id  area in Cuba. A t th e  n o rth e rn , w estern  an d  so u th e rn  b o u n d a ry  
th e re  are two d ry  seasons of 1-2 d ry  m o n th s  d u ra tio n . In  th e  in te rio r  th e  c lim ate  is w arm  
a n d  m oist th ro u g h o u t th e  year. A t a b o u t 7—800 m  a ltitu d e  i t  is rep laced  b y  m oist m o n tan e  
ra in fo re s t clim ate. A n n u a l p rec ip ita tio n  b e tw een  1400-3000 m m , occasionally  n ear to  5000 m m  
in  c e r ta in  localities.
c. F lo ra : Very rich  a n d  d iverse. Four endem ic  g en era , K odályodendron, Schaferocharis, Shafera  
a n d  Feddea, and  n e a rly  200 local endem ic species, e.g., H em ithrinax rivu laris  an d  var. savan- 
n a ru m  (Fig. 13), M oacroton leonis, M . tetram erus, P hyllanthus chryseus, Callicarpa oblanceolala, 
B onnetia  cubensis, Laplacea moaensis, T a la u m a  m inor ssp. oblongifolia, Shafera p la typhylla , 
Shaferocharis cubensis, S . m ultiflora, S. villosa, Cassia bucherae, B yrson im a  bucherae, A cacia  
bucheri, B rya sub inerm is, Casearia ophiticola, a n d  7 B u xu s, 4 Coccoloba, 5 Leucocroton, 4 Ilex , 
5 C alyptranthes, 4 M yrcia , 6 Eugenia, 6 M ico n ia , 5 Calycogonium, 6 Ossaea, 4 Clusia, 8 Cordia, 
3 Callicarpa, 6 Tabebuia, 6 Schmidtotiia  an d  6 Senecio  species, etc. occur. N um erous endem ics 
a re  in  com m on w ith  th e  N ipe M ountains (see ab o v e), w ith  Sierra del C ristal (e.g ., th e  endem ic 
g en u s Sapphoa, Neobracea ekm an ii) (Fig. 9), th e  B araco a-Jau co  d is tr ic t d iscussed  below  (e.g., 
M oacroton ekm anii (F ig . 12), Cordia duartei, P la tygyne obovata, Suberanthus stellatus, Casearia 
bissei, Feddea cubensis, Dracaena cubensis, e tc .)  a n d  even w ith  th e  M onte L ibano  group  (e.g ., 
G esneria cubensis, a n d  Columnea tincta). S ev eral m inor developm ental cen tres m ay  be re ­
cognized  w ith in  th e  m o u n ta in s  (Cerro M ira flo re s—P la y a  la V aca, Y am an ig iiey , A lto de Ib e ria  
E l T oldo , Pico G á lán , a n d  th e  su rround ings o f old nickel m ines: M ina Ib e ria , M ina P o tosi, 
M ina F ran k ly n , M ina Cayo Guam , M ina D e lta ) , a lth o u g h  it  has been show n ( B o r h i d i  an d
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M u n i z  1972b) t h a t  m an y  species had  been  th o u g h t to  be local endem ics tu rn ed  to  be in  fa c t 
on ly  regional endem ics o f w ider d is trib u tio n .
d. V egetation: In  th e  n o rth e rn  footh ills, th e  C upeyal P la te a u  a n d  th e  u p p e r Toa v a lley  v a rio u s 
fo res t com m unities o f  P in u s cubensis p red o m in a te . A long th e  coast these  forests a lte rn a te  
w ith  m icrophy llous evergreen shrubw oods v e ry  rich  in  species, includ ing  strong ly  iso la ted  
endem ics such  as Kodalyodendron cubensis, Shaferocharis m ultiflora , Tabebuia linearis, Acro- 
synanthus m inor, M icon ia  javorkaeana, Forcham m eria em arginata, Coccoloba acuna, P hyl-  
lanthus comosus, E u p a to r iu m  m inu tifo lium . O ver 400 m an d  up  to  6—700 m sem i-arid  m o n ta n e  
ra in fo rests  occur. A t  h ig h er a ltitu d e  sem i-arid  m o n tan e  sh rubw oods correspond to  th e  c lim ax  
v eg e ta tio n  ty p e . O n th e  d ry  tops of som e serp en tin e  p la te a u x  (e.g. E l Todo) a d w arf p ine- 
w oodland  of P in u s  cubensis is developed (PÓCS, ex verb .). In  th e  va lleys of th e  J a g u a n i an d  
Toa riv ers  are fo u n d  th e  Carapa gu ianensis  fo rests, rep resen tin g  th e  on ly  su bm ontane  tro p ic a l 
ra in fo re s t zone in  C uba.

D is tr ic t С .1.4.: T h e  serpentine areas of B aracoa  an d  Ja u c o  (Baracoënse)

a. G eography: T his a rea , s itu a ted  east of th e  Q u ib iján  an d  T oa riv ers , is younger, low er a n d , 
too , poorer in  species th a n  th e  p receding d is tr ic ts . Y ellow ish red  m o n tane  soils an d  la to so ls 
occur in  th e  w est, lato so lic  red  serpen tine  soils in  th e  east.
h. C lim ate: H u m id  ra in fo re s t clim ate w ith  no seasons. A n n u a l p rec ip ita tio n  be tw een  1600 
an d  2900 m m .
c. F lo ra : M ost species a re  in  com m on w ith  M oa. A p p ro x im ate ly  f if ty  local endem ic species 
are  fo u n d  here, fo r exam ple: Melocactus radoczii (F ig. 45), B u x u s  baracoensis, Cordia bara- 
coensis, S iphocam pylus baracoensis, Schm idtottia  m ultiflora , Ossaea elliptica, Henriettea cuabae , 
Exostem a shaferi, X y lo p ia  ekm anii, Spathelia  leonis (Fig. 6), Leucocroton ekm anii, R h a m n id iu m  
p ru in o su m , Ternstroem ia baracoensis, etc.
d. V egetation: S u b m o n tan e  ra in fo rests in  th e  w est, p inew oods on  fe rritic  soils, an d  m ain ly  
m icrophyllous everg reen  shrubw oods in  th e  Peladeros de Ja u c o  zone in  th e  east.

•  Melocactus holguinensis 
+ M. Radóczii 
о M. Nagyi 
f  M. sp.

X Melocactus Evae 
Д M. Borhidii 
▲ M Harlowii 
T M. Acunae
V M Acunae ssp. lagunaensis

Fig. 45. Geographical distribution of the East-Cuban taxa of the genus Melocactus
(after M é s z á r o s  1977)
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Sub-sector C .l.b .:  The limestone karsts and  other not serpentine ranges o f  the 
N ip e  — Baracoa M a s s i f  ( Yatericum )

T his sub-sector includes th e  m ogates o f  th e  so u th w este rn  Sierra de N ipe, th e  p a rtia lly  
e ro d ed  lim estone blocks fo lded  a t  the  m arg in  o f se rp en tin e  m o u n ta ins, in  th e  M onte L ib a n o - 
M onte C risto -M onte  V erde  group , the  san d sto n e  hills m ingled w ith  th e  lim estone  blocks, and  
th e  S ierra  del P u ria l ran g e  w ith  th e  Sierra de Im ia s  w hich continues as a lim estone  p la teau  
to w a rd s  th e  end of th e  is lan d . The endem ics a re  n o t evenly  d is tr ib u te d  over th e  area . The 
deciduous forests o ccu rrin g  on sandstone h av e  v e ry  few  flo ristic  specia lities, w hereas th e  
lim esto n e  cliffs are v e ry  r ic h  in endem ics due to  geographica l isolation. In  sp ite  o f th is  h e te ro ­
g e n e ity , th e  sub-sector p lay e d  a sign ifican t ro le in  th e  flo ra  evolution  of C uba for tw o fu n d a ­
m en ta l reasons: 1. V ia th is  a rea  m ig ra ted  th e  m o n ta n e  flo ra  from  th e  n o rth  (M oa, C ristal) 
so u th w a rd  (Sierra M aestra). 2. T he lim estone cliffs are considered to  be th e  cradle  of th e  
so u th e rn  O riente x e ro th e rm  flora which, in  th e  Q u a te rn a ry , m oved b o th  to  th e  w est and  
to w a rd s  th e  terraced  c o as ta l area. The ex istence o f these  flo ristic  re la tio n sh ip  is b est show n 
b y  th e  d is tr ib u tio n  of th e  v icarious species o f Gesneria , E upatorium  and  Siphocam pylus.

D is tr ic t С.1.5.: S ierra  del P urial, Y u n q u e  de B aracoa and  th e  G ran  T ierra  
P la te a u  (Purialense)

a. Geography: D iversified  m oun ta inous area . S ierra  del P u ria l is a deeply  inclined  range up 
to  1100 m a ltitu d e , G ran  T ie rra  is a “ m ese ta”  a rea . Q uite  d ifferen t are th e  m ogotes w est of 
th e  Y u m u ri valley  a n d  th e  anv il-shaped  Y u n q u e  de B aracoa m onadnock  consisting  of lim e­
stone  an d  dolom ite. T ro p ica l brow n soils p re d o m in a te  in th e  Sierra del P u ria l an d  Y unque. 
In  som e elevated  p laces yellow ish-red m o n tan e  soils occur. In  th e  lim estone  area  of G ran 
T ie rra  a n d  Y um uri h u m ic -ca rb o n a ted  soils a re  th e  m o st com m on.
b. Climate: C harac terized  b y  sudden changes a long  a g rad ien t. T here is h a rd ly  a n y  tran s itio n  
b e tw een  th e  bixeric  c lim a te  of two dry  seasons (3 -4  d ry  m onths), th e  w et tro p ica l and  th e  
m o n ta n e  ra in fo rest c lim ate . In  th e  n o rth ea s t a p a r tic u la r  tropical seasonal c lim ate  occurs 
w h ich  is d ry  in th e  su m m er. A nnual p re c ip ita tio n  1000-2200 mm.
c. Flora: The flora o f S ie rra  del Puria l and  S ierra  de Im ias is little  in v es tig a te d  so th a t  on ly  
fewr endem ics have been  k n o w n  (Senecio saugetii, Croton tropidophyllus, Scolosanthus ivrightia- 
nus, P hialanthus p a rv ifo liu s , Ph. macrostemon, A rd is ia  baracoensis, and  P latygyne leonis) b u t  
th e  d iscovery  of o thers is ex pected . A single endem ic  genus, B em bicidium , an d  several endem ic 
species, e.g., Callicarpa areolata, Gesneria gibber osa, G. yu m u rien sis , G. purpurascens, Victorinia  
regina, S iphocam pylus yu m u rie n sis , Spathelia y u m u rie n sis  (Fig. 6), H eptanthus yum u rien sis  
(F ig . 5), and  Ossaea y u m u rie n sis ,  etc. occur in  th e  G ran  T ierra and  Y u m u ri a rea . T he richest 
e v o lu tio n ary  centre  is th e  Y u n q u e  de B aracoa m o n ad n o ck  from  th e  P liocene, w hich  has one 
endem ic  genus (E km a n ia ) a n d  ab o u t 25 endem ic species, for in stance, S p a n io p a p p u s ekm an ii, 
Vernonia yunquensis, Ja cq u in ia  yunquensis, Ossaea heterotricha, Calycogonium p lica tum , Ilex  
w righ tii, Croton yu n q u en sis , E rythroxylum  baracoense, Coccothrinax yunquensis  (Fig. 46), th ree  
Gesneria an d  5 Pilea species, Siphocam pylus m anettiaefo lius, A rthrosty lid ium  angustifo lium , e tc.
d. Vegetation: This is th e  zone of seasonal everg reen  forests, a lthough  over 7-800  m  m o ntane  
ra in fo re s ts  and , in  th e  S ierra  de Im ias, even m ossy  forests m ay occur. T he m ogote zone is 
co vered  by  k a rstic  fo res ts  whose floristic  co m position  is still unknow n.

D is tr ic t С.1.6.: T he m ogotes of th e  N ipe — Y a te ra s  area (Y aterense)

a. Geography: Inc lined  con ical k a rsts and , too , w ide an d  terraced  lim estone p la te a u x  w ith  
se rp en tin e  in trusions o ften  reaching the  surface . T he lim estone fo rm atio n s a lte rn a te  w ith
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m onotonous san d sto n e  ridges. The p re d o m in an t soils a re  h u m ic -ca rb o n a ted  soils on lim esto n e , 
trop ical b ro w n  soils on san d sto n e  and  fe rritic  soils on  serpen tine .
b. Climate: Seasonal w ith  d ry  w in ter of 1-2 or 3 -4  m o n th s d u ra tio n . A nnual p re c ip ita tio n  
1000-1800 m m .
c. Flora: Two cen tres of flo ra  developm en t m ay be d istin g u ish ed , b o th  being rich  in  endem ics. 
The f irs t  is th e  m ogotes of Sierra de N ipe w ith  a b o u t 15 endem ic species, such as H em ithrinax  
compacta (F ig. 13), Spathelia  lobulata (Fig. 6), P lin ia  ram osissim a , Calyptranthes pa ra d o xa , 
Eugenia bayatensis, E . excisa, Hydrocotyle oligantha, M atelea bayatensis, Tabebuia p ico ten sis , 
T. mogotensis, Gesneria lopezii, and  Isidorea polyneura. T he o th e r  cen tre  is th e  group of M onte  
L ibano, M onte V erde an d  M onte Cristo w hich m u s t have  b een  th e  p rincipal ju n c tio n  of 
m ig ra to ry  ro u tes  du ring  th e  developm ent of the  O rien te  flo ra. T h is a rea  is still a rich  m ee tin g  
p o in t of th e  lim estone  an d  serpen tine  flo ras, as well as o f th e  sem i-d ese rt x e ro th e rm  elem en ts. 
On th e  soils de riv ed  fro m  se rpen tine  th e  range of m an y  species o f N ipe  and Cristal ov erlap s 
the  d is tr ib u tio n  of Moa elem ents. M oreover, only a t  th is  p o in t reach  c e rta in  se rp en tin o p h ilo u s 
species (P in u s cubensis, Agave shaferi) th e  lim estone  zone. A lso, som e coasta l species w ere 
able to  sp read  up  to  6-700 m  on th e  so u th e rn  slopes w here th e  x e ro th e rm  elem ents a n d  th e  
m on tane  ra in fo re s t species m eet. The th ree  m o u n ta in s possess 40 endem ics a lto g e th e r, som e 
of th em  exh ib itin g  v icariance  (e.g., Siphocam pylus, Gesneria). E x am p les  of ch arac te ris tic  p la n t  
species are H ernandia  cubensis, Auerodendron glaucescens, Salacia w rightii, Begonia libanen- 
sis, Scolosanthus granula tus, Spermacoce exasperata, Verbesina w righ tii, 3 Dorstenia, 6 Pleuro- 
thallis, 2 C alyptranthes an d  2 Ossaea species.
d. Vegetation: K a rstic  w oods in  the  m ogotes, seasonal everg reen  fo res ts  in  the  valleys as well 
as in  the  san d sto n e  areas. A rid  scrubs on lim estone slopes an d  p inew oods on serpen tine  w hich  
m ay  occasionally  ex ten d  to  th e  lim estones. R a in fo rest p a tch es  m ay  occur in  some p laces in  
the  deep va lleys a n d  m o n tan e  ra in fo rest frag m en ts  a re  found  a t  h ig h er a ltitudes.

Sector C .2 .: Sierra M aestra (M aestricum ) (F ig . 43)

T he 250 k m  long and  15-20 km  wide S ierra  M aestra  is a lm o st 750 m higher th a n  the  
ancien t S agua-B aracoa  m assif from  w hich its flo ra  o r ig in a ted . As a re su lt of th is  a lt i tu d e  
difference an d  of th e  p resence of rocks m ore effec tive ly  enforcing  th e  m o is t clim ate (lim estone, 
sandstone , g ra n ite , g ran o -d io rite  and d iorite), a w ide m o n tan e  ra in fo re s t and cloud fo res t 
h e lt developed, in w hich  th e  ancien t Sagua-B aracoa  flo ra  en rich ed  in  Jam aican  a n d  H isp a- 
n io lan  e lem en ts, m ay  have  becom e a new  ev o lu tio n ary  cen tre . T h is spon taneously  fo rm ed  
secondary  cen tre  is ch arac te rized  b y  tw o endem ic genus (Solonia  a n d  Cubacroton) a n d  155 
endem ic species, for exam ple, Cneorum trim erum  (an c ien t re lic t !), P in u s  maestrensis, Laplacea  
urbani, Cleyera ehm ani, Persea anomala, Pithecellobium maestrense, P latygyne dentata (F ig . 14), 
Pera microcarpa, Sap iu m  maestrense, Cubacroton m aestrensis, M a y ten u s saxicola, C lidem ia  
pterosepala , K a rw in sk ia  bicolor, C innamodendron cubense, T a la u m a  orbiculata, T . trun- 
cata, Scolosanthus maestrensis, Cordia longipedunculata, So lanum  maestrense, Tabebuia oligo- 
lepis, T . hypoleuca, Ju stic ia  maestrensis, Peratanthe cubensis, Schradera cubensis, 9 E ugen ia  
6 M iconia , 6 Ossaea, 5 Gesneria, 5 E upatorium  an d  6 Rondeletia  species. T he b o u n d ary  o f th is  
sector ru n s a t  300-400 m  on  th e  slopes in  th e  so u th , and  a t  th e  m arg in  of th e  C auto  b asin  
in  th e  n o rth .

D istric t С.2.1.: The W estern  and  C entral M aestra  (T urqu inense)

a. Geography: T his a rea  ex ten d s from  P ilon  to th e  San tiago  v a lley  an d  includes tw o h ig h er 
m ou n ta in o u s groups (T urqu ino  an d  La B ayam esa), in  be tw een  w hose h ighest po in ts a re  over 
1500 m. These m o u n ta in s com prise, deeply  inclined  sharp  ridges a n d  conical fo rm atio n s so
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t h a t  th e  superficial d ra inage  ra tio  is h igh  (35—50 1/sec • k m 2) and  th e  erosion  is in tensive . 
T ro p ica l b row n soils occur a t  m ed ium  e lev a tio n , u p  to  600 m and th en  yellow ish -red  m o n tan e  
soils a re  found  up to  1300 m . N ex t, up  to  1750 m , yellow ish-brow n m o n ta n e  soils becom e 
p re d o m in a n t, these  a re  rep laced  by brow n m o n ta n e  soils on th e  peaks. T h e  n o rth e rn  slopes 
a re  covered  by  yellow  m o n tan e  soils over 1300 m.
b. Climate: Seasonal w ith  d ry  w in ter. 3—4 d ry  m o n th s  a t  th e  foothills, 1—2 d ry  m o n th s u p  to 
800 m . F u r th e r  up  th ere  is a m oist m on tane  ra in fo re s t  c lim ate  w hich is rep laced  by  a h um id , 
h ig h -a lt itu d e  tem p e ra te  ra in fo re s t c lim ate  a t  1700 m T he annual p re c ip ita tio n  ranges from  
800 to  3000 mm.
c. Flora: Besides th e  c h a rac te ris tic  endem ics lis te d  in  sec tion  C.2., th ere  a re  num ero u s reg ional 
e n d em ic  species of m ossy forests in  th is  d is tr ic t . F o r exam ple, M yrsin e  m icrophylla , Nec- 
tan d ra  reticularis, E upatorium  paucibracteatum , E . praestans, H enr:ettea ekm a n ii, H edyosm um  
cubense, Ossaea turquinensis, Rondeletia naguensis, M yrica  cacum inis, R u b u s  turquinensis, 
Sym plocos leonis, S a p iu m  erythrococcum, E ugenia  m aestrensis, and  E . laeteviridis, e tc. In  a d d i­
t io n ,  local endem ics hav e  been  fo u n d  in  severa l m o u n ta in  groups a n d  valleys: N agua has 
4 endem ics Pico C aracas is fam ous by  th e  re m a rk ab le  paleoendem ism  C neorum trim erum  
a n d  th e  Podocarpus woods; C itharexylum  terna tum , Tabebuia elongata, E u g en ia  naguana  an d  
P olygala rhynchosperm a, R io G uam á, H acienda  Sev illa , N im a-n im a, E l Cuero, R io Y ara , 
Y ao  a rrib a , Pico Jo a q u in , an d  L om a R egino possess one-tw o endem ics each , w hereas in  Pico 
B a y am esa  4 local endem ics occur (e.g., Vernonia m aestralis, Purdiaea m aestrensis, Lepanthes  
acunae  an d  Psychotria ekm anii). T he m o st p ro m in e n t evo lu tionary  cen tre  is th e  T u rq u in o  
g ro u p  hav in g  ap p ro x im ate ly  25 local endem ics (e .g ., Coccothrinax acunana  — Fig. 46, Agave  
pendenta ta , Satureja bucheri, Ju n ip eru s  saxicola, M iconia  turquinensis, Ilex  turquinensis, I.  
n u n e z ii, Lobelia cacum inis, C haptalia turquinensis, M itracarpus acunae, Lepanthes ekm an ii, L . 
turgu inoensis  and  L. pergracilis, e tc .).

Coccothrinax Acunana s  Coccothrinax Garciana ▼ Coccothrinax Munizii
■ C. Alexandri 
u C. Alexandri ssp. nitida 
O C. Bermudezi 
□ C. elegáns 
♦ C. Fagildei

Л С. guantanamensis 
•  С. Gundlachii 
f  С. Leonis 
▲ С. Hiorami 
© С. microphylla 
А С. moaensis

V С. nipensis
V С. orientalis 
X С. saxicola 
о С. Victorini
* С. yunquensis

Fig. 46. Geographical distribution of the East-Cuban taxa of the genus Coccothrinax
(after B o r h i d i  1973, modified)

Acta Botanica Hungarica 32, 1986



P H Y T O G E O G R A P H  IC  S U R V E Y  O F  C U B A , I I 4 1

d. Vegetation: A rid  everg reen  sh rubw oods on  th e  so u thern  slopes u p  to  300 m , sem i-deciduous 
fo res ts  (Y ayales p .p .)  be tw een  300-500 m , seasonal ra in fo rests  (Y ayales p. m aj. p .) be tw een  
500-800 m , m oist m o n ta n e  ra in fo rests (fangales) betw een 800-1600 m  a n d  m ossy forests (m on te  
fresco) betw een  1600-1900 m. O ver 1900 m  high a ltitu d e  m o is t sh ru b lan d s p red o m in ate . 
On th e  n o rth e rn  slopes th e  seasonal ra in fo re s t zone begins as low  as 150—200 m. T his is rep laced  
b y  m o n tan e  ra in fo re sts  a t  800-1000 m . A t th e  b o undary  o f th ese  tw o ra in fo re s t ty p es  a 100- 
200 m  w ide b e lt of “ e x tra zo n a l”  p inew ood  s tan d s  (P inus m aestrensis) a re  found  on san d sto n e  
w hich  m ay  ex ten d  ev en  up  to  1800 m  on  th e  n o rth e rn  slopes o f T u rq u in o . A t 1500 m  begins 
th e  m ossy forest zone.

D is tr ic t C.2.2.: T he easte rn  S ierra  M aestra  (P iedraënse)

a. Geography: T his a rea  includes G ran  P ie d ra , a lim estone ran g e  covered  b y  g ran o d io rite . I ts  
h ig h est p o in t is 1219 m . N o rth  o f i t  a re  found  th e  lim estone m o u n ta in s  of S ierra  de S an ta  
M aria  L oreto . All m o u n ta in s are deep ly  inclined , large b lu ffs occur in  th e  n o rth . T rop ical 
b ro w n  soils p red o m in a te  up  to  800 m . F u r th e r  up  yellow ish-red  m o n tan e  soils a re  found .
b. Climate: Sim ilar to  t h a t  o f th e  p reced in g  d istric t.
c. Flora: As few as tw o  local endem ics (Callicarpa floccosa  a n d  Rondeletia interm edia) have  
been  know n. H ere  is th e  only p o p u la tio n  of P inus cubensis in  th e  Sierra M aestra, w hich  is 
supposed  to  be a hy b rid o g en o u s one b e tw ee n  P . cubensis an d  P . maestrensis.
d. Vegetation: Sim ilar zo n ation  as in  th e  p receding flo ris tic  d is tr ic t. T he only d ifference is 
t h a t  th e  pine fo res t s ta n d s  enclosed b y  th e  seasonal evergreen  fo res t and  m o n tan e  ra in fo rests  
are  com posed of P in u s  maestrensis (or r a th e r  P . cubensisX  P . m aestrensis).

D is tr ic t C.2.3.: T he m ogotes of B aire , (no rthern  S ierra  M aestra) (T ablaënse)

a. Geography: These k a rs ts  are found  w ith in  th e  Charco R edondo  — Los Monos — M atias — Los 
N egros q uadrang le . C onical hills o f 400-600  m heigh t w ith  p e rp en d icu la r  rocky  walls. R endzina 
soils p red o m in ate , w hereas in  th e  v a lley s hu m ic-ca rb o n a ted  soils occur.
b. Climate: Seasonal w ith  d ry  w in ter o f 3—4 m onths d u ra tio n . A n n u a l p re c ip ita tio n  be tw een  
1200-1600 m m .
c. Flora: The flo ra  o f th is  a rea  h ad  b een  u n exp lo red  for a long tim e. D ue to  geographic iso la­
tio n , th e  flora  is v e ry  rich . A  rem ote  re la tio n sh ip  to th e  m ogotes o f N ipe is in d ica ted  b y  th e  
p resence  of the  endem ic genus S yn a p sis  a n d  of Siphocam pylus undula tus, Clerodendron denti- 
culatum  and  B yttneria  m icrophylla. A lso, th e re  is a connection  w ith  th e  flo ra  of a rid  lim estone 
te rra ce s  in  th e  Cabo Cruz area  (Catalpa brevipes). More th a n  te n  local endem ics are  found  
here , e.g ., Coccothrinax elegáns (Fig. 46), Neobracea susannina  (F ig . 9), M alpighia  acunana, 
R hytidophyllum  mogoticola, Tabebuia candicans and  Pilea uninervis.
d. Vegetation: Sem i-deciduous forests w ith  Coccothrinax pa lm s, cac ti an d  agaves p re d o m in a t­
ing  in  th e  m ogotes. Seasonal evergreen fo res ts occur in th e  valleys.

Sector C.3. : The southern and northeastern coasts o f  Oriente (San tiag icum ) 
(F ig . 43)

T his sector includes th e  m ost e x ten siv e  and m ost ex trem e ly  a rid  zone of C uba: th e  a rea  
ex ten d in g  from  Cabo Cruz over Maisi to  N av as in  th e  shade of th e  Sierra M aestra  an d  the 
so u th e rn  B aracoa M o u n ta in s w hich are  m ain ly  responsible for th e  d ry  c lim ate. This reg io n  is 
co n tin u ed  as a n a rro w  s tr ip  along th e  n o r th e rn  coast to N avas. T he S ierra  C anasta , th e  G u an ­
tan a m o  B asin, th e  so u th e rn  slopes o f S ierra  M aestra up  to  a b o u t 200 m , an d  th e  te rraces  of
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so u th e rn  B aracoa up  to 300-400  m  are also included . I n  th e  M onte L ibano  g ro u p  som e coastal 
e le m en ts  m anaged to reach  700 m  a ltitu d e . T his a rea  is an  old coasta l lan d  w ith  an  eventfu l 
geo log ical past. D uring  m illions o f y ears  sections o f th is  land  rose an d  su n k , becam e separa ted  
a n d  jo in e d  again in d iffe ren t p o in ts  o f tim e, re su ltin g  in  several e v o lu tio n ary  cen tres of the  
f lo ra . T herefore, the  com m on species o f th is  sec to r are m o stly  w idely  d is tr ib u te d  xerophilous 
spec ies, such  as Dendrocereus n u d iflo ru s , Lemairocereus hystrix, Cordia taylori, Pseudocarpi- 
d iu m  avicennioides, Croton rosm arinoides, C. m yric ifo lius  and  C. littoralis. T here  a re  tw o mono- 
sp ec ific  endem ic genera: Cubacrolon an d  Caribaea, a n d  a b o u t 110 endem ic species, m ost of 
th e m  b e in g  confined to a g iv en  lo ca lity  or a flo ris tic  d is tr ic t. The n u m b er o f endem ics found 
th ro u g h o u t the  sector is re la tiv e ly  sm all (e.g ., Guettarda cueroensis, G. coxiana, Galactia cuneata, 
Consolea macracantha, M yrtu s  oonophylla, Cordia leucosebestena, C. leptoclada, C. brittonii, 
L a n ta n a  parvifolia , Callicarpa grisebachii, C. bucheri, Pseudocarpidium  m ultidens , Spirotecoma 
sp ira lis , Eupatorium  helianthem oides, Vernonia com plicata , Gochnatia calcicola, B onania  ellip- 
tica, Croton micradenus, C. m u n iz ii ,  e tc .). T he v icarious Melocactus species an d  Coccothrinax 
p a lm s (F igs 45-46) are also ty p ic a l.

D is tr ic t  С.З.1.: The coast an d  te rra c ed  lan d  betw een  Belie and  P ilo n  (Pilonense)

a. Geography: The Pliocene lim esto n e  cliffs, som etim es reach ing  50 m  h e ig h t, th e  w estern  end 
of S ie rra  M aestra hav ing  sev era l te rra ce d  levels, a n d  th e  p la in  a t  P ilon  B ay  w ith  sed im entary  
o rig in  fro m  the  Q u a te rn a ry  are  included . L im estone  rendzina  an d  h u m ic -ca rb o n a ted  soils 
p re d o m in a te  in the  f irs t tw o . T h e  p la in  is covered b y  tro p ica l a lluv ia l soils.
b. Climate: Seasonal b ixeric  w ith  tw o d ry  seasons of 7-8 or 5 -6  m o n th s d u ra tio n . A nnual 
p re c ip ita tio n  is 700-1200 m m . A t h igher a ltitu d e s  3 -4  d ry  m o n th s , all in  th e  w in ter, and 
1000—1400 m m  annual p re c ip ita tio n .
c. Flora: F airly  isolated fro m  th a t  of th e  o th er d is tr ic ts  in  th e  sector. I t  is ch arac te rized  by th e  
low  n u m b e r of regional endem ics a n d  by  m any  local endem ic species w ith  severa l centres o f 
f lo ra  developm ent. F o r ex am p le , M edia L una (Coccothrinax victorini — Fig . 46), N iquero 
(C opernicia humicola — F ig . 42, Cassia niqueroensis, Chamaesyce niqueroana), Cabo Cruz 
(Cordia corallicola, C. dum osa, E ugenia  pen insu laris , E . aceitillo, A m y r is  polym orpha, Croton 
corallicola, Rondeletia p en in su la r is , Coccothrinax saxicola  — Fig. 46 an d  Portulaca tuberculata) 
a n d  P ilo n  (Chaptalia com ptonioides, Ju stic ia  agria, B elairia  parvifo lia , Pilea cowellii, P. car- 
nosa, Begonia cowelli, Leptocereus sylvestris). T here  is c e rta in  re la tio n sh ip  to  th e  flo ra  of the  
m o g o tes o f B aire as show n b y  th e  occurrence of Catalpa brevipes.
d. Vegetation: Arid everg reen  sh ru b lan d s  in  th e  co asta l zone, d ry  everg reen  fo res ts  in th e  
low er te rraces, and  sem i-deciduous fo rests h igher up . T he orig inal v e g e ta tio n  of the  p lain  
w as a tro p ica l hum id w ood land .

D is tr ic t  C.3.2.: The co as ta l a rea  betw een  M area del P ortillo  and N im a-nim a 
(U veroënse)

a. Geography: N arrow  an d  m o stly  ro ck y  coasts a t  th e  w estern  wing of Sierra M aestra . G ravelly 
a n d  sa n d y  beaches a t  th e  e s tu a ries , an d  th e  low er p a r ts  of slopes exposed to  th e  south. 
R e n d z in a  and h u m ic -ca rb o n a ted  soils are u su a l, w hereas trop ical b row n  soils occur in  the  
v a lley s.
b. Climate: Evenly  w arm  b ix e ric  c lim ate  w ith  tw o d ry  seasons of a to ta l  o f 5 -6  m onths d u ra ­
tio n . A n n u a l ra infall 800-1200 m m .
c. F lora: V ery little  s tu d ied . P ro b a b ly  several ev o lu tio n ary  cen tres could  be  de tected  here. 
R h ytid o p h yllu m  m inus  is a n  endem ic in  com m on w ith  th e  p reced ing  d is tr ic t, and  some 
loca l endem ic species, e.g. Tabebuia acunana, Rondeletia sevillensis, Erigeron taylori, Pilea
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sevillensis, Melocactus n agyii (Fig. 45) charac te rize  th e  a rea . T here  is also an  endem ic pa lm , 
com m on w ith  the S ierra  M aestra, is Coccothrinax gundlachii (F ig. 46).
d. Vegetation: M icrophyllous evergreen sh ru b lan d s, d ry  evergreen  forests w ith  deciduous 
e lem en ts, and locally , m angroves in th e  e stu aries  and th e  g rav elly  coasta l depressions.

D is tr ic t C.3.3.: C oastal be lt and  te rraces  betw een  San tiago  de C u b a -G u a n tá -  
nam o-M aisi and B araco a  (G uan tanam ense)

a. Geography: H igh cliffs an d  low lim estone  terraces w ith  sm all in le ts an d  coasta l p lains. 
R en d zin a  and  c innam on-coloured  hum ic carb o n a te d  soils p red o m in ate . Also th e  p lain  in  th e  
G u an tán am o  B asin covered  p a rtly  by  b ro w n  hum ic c a rb o n a te d  soils. The d is tr ic t includes th e  
so u th e rn  coasts a t  th e  fo o ts of th e  G ran  P ie d ra  range, th e  G u an tan am o  B asin  w ith  S ierra  de 
C anasta , th e  coasts a n d  te rraces from  G u an tán am o  to  M aisi up  to  an  e levation  of 400 m, 
a n d  th e  n o rth ern  B araco a  shores be tw een  M aisi and N avas.
b. Climate: E venly  w a rm  seasonal b ixeric  c lim ate  w ith  tw o d ry  seasons (5—8 d ry  m o n th s) and  
a n n u a l p rec ip ita tio n  to ta llin g  600-1100 m m . Also, sem i-desert c lim ate  w ith  9-10  d ry  m o n th s 
a n d  300-600 m m  a n n u a l ra in fa ll develops in  th e  ra in  shadow  of th e  S ierra  de P u ria les  an d  
S ierra  de Im ias, so u th  a n d  eas t of G u a n tán a m o  rang ing  eas tw ard  to  Jau co . B etw een  M aisi 
an d  B araco a  seasonal c lim ate  w ith  sh o rt su m m er dry  p e rio d  is ch a rac te ris tic .
c. Flora: V ery rich a n d  d iverse  x e ro th e rm o p h ilo u s flo ra, w ith  several sm all a reas ch arac te rized  
b y  local endem ics. A single m onospecific endem ic genus is Caribaea (N yctag in aceae), a p a r ­
tic u la r  l itto ra l cushion p la n t  w ith  v e ry  re s tr ic te d  area. A g re a t n u m b er o f regional endem ic 
species occur also, as Coccothrinax a lexandri s. 1. C. hioram i, C. m u n izii  (F ig. 46), Rhytido- 
p h y llu m  acunae, M elocactus acunai (F ig. 45), C aesalpinia p in n a ta , P assiflora san tiagana , 
Castela victorini, Consolea macracantha, Rondeletia  apiculata, Tabebuia libanensis, R eynosia  
m ucronata  ssp. azulensis (Fig. 16), M aytenus buxifolia  ssp. cochlearifolia (F ig . 15). T he area 
ab o u n d s in  very  im p o r ta n t  local ev o lu tio n ary  cen tres w ith  80 endem ic ta x a  a lto g e th e r. Local 
endem ic species are a t  S an tiago  de C uba: Rondeletia n o rlind ii, Acacia cowellii, Caesalpinia  
subglauca, Eugenia am blyophylla , E . itephylla , Lasiocroton gracilis  and  Tephrosia d e m en tis ; a t  
A guadores: Nashia arm ata , Rochefortia oblongata, a t  S iboney: Neobracea m artiana  (F ig . 9) an d  
Barleriola saturejoides ssp. hirsuta  (F ig. 47); a t  D aiqu iri: C assia scleroxyla, Chamaesyce micro- 
clada an d  Coccothrinax f ágiidéi (Fig. 46); a t  B aconao: Ju stic ia  maestrensis, Jacquin ia  verticilla- 
ris a n d  M achaonia urbaniana  (Fig. 37) occur. F ifteen  local endem ics live a ro u n d  G u a n tán a m o ,

A ssp. saturejoides ▲ ssp. hirsuta V ssp. acunae

Fig. 47. G eograph ical d is tr ib u tio n  of Barleriola saturejoides (A can thaceae)
(a fte r  B o r h i d i  1973)
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e.g. Coccothrinax guantanam ensis  (Fig. 46), Andrachne brittonii, Croton excisus, Colubrina 
obtusata, Opuntia m ilitaris, M elocactus evae (Fig. 45), M yrtu s num m ularioides  a n d  Geophila 
m ultiflo ra . Betw een G u a n tán a m o  an d  M acam bo Agave albescens, Casearia comocladifolia, 
T h o u in ia  leonis, S tig m a p h yllu m  coccolobaefolium, Coccothrinax m icrophylla  (F ig . 46), Scolo- 
san thus strictus occur; a t  M acam bo Caribaea littoralis, D ry maria glandulosa  a n d  A passalus  
p a rvu lu s  are local endem ics, w hereas be tw een  C ajobabo an d  Ja u c o  Pheidonocorpa cubensis, 
G ym inda  orbicularis, Isidorea rheedioides, Tabebuia jaucoensis, M icrom eria suborbicularis, Bar- 
leriola saturejoides ssp. acunae  (F ig. 47), Scolosanthus h irsu tus  a re  found . A d d itio n a l 15-20 
endem ics a re  know n from  th e  M aisi p la in  an d  th e  su rro u n d in g  te rraces, for exam ple , Isidorea 
leonis, Pseudocarpidium  sha feri, Cnidoscolus m atosii, A cacia  seifriziana, Tabebuia leonis, 
D uran ta  arida, Harpalyce m a isia n a , Galactia m aisiana , Jacquin ia  m aisiana, Scolosanthus 
h isp id u s  and  S. nannophyllus. O n th e  young  se rp en tin e  o u tcrops a ro u n d  th e  lag u n e  of th e  
Jo jó  v a lley  some local neoendem ics live as Rondeletia ingrata  an d  M elocactus acunai ssp. lagu- 
naënsis  (F ig . 45).

T he role of x e ro th e rm  e lem ents th a t  a re  also found  in  H ispan io la  is in creased  (e.g. 
Coccothrinax fragrans, P ithecellobium  oppositifo lium , B ellonia spinosa, Ja cq u in ia  berterii, 
Caesalpiniaglandulosa, E xostem a  sp inosum , e tc .). F lo ris tic  re la tio n s w ith  H ispan io la  is especially 
m an ifes ted  a t  the  eas te rn m o st p a r t  of th e  so u th e as t coast o f O rien te  a ro u n d  M aisi, w here some 
com m on  species of Cuba a n d  H ispan io la  w ith  v e ry  re s tr ic te d  areas occur, as Omphalea com- 
m uta ta , P etitia  urbanii, V ic torin ia  regina, e tc . (Fig. 21).
d. V egeta tion : M icrophyllous evergreen  an d  deciduous shrubw oods an d  sh ru b lan d s. Open 
sh ru b la n d s  w ith  cacti in  th e  u n d e rs to rey  an d  sem i-desert scrubs w ith  co lu m n ar cac ti occur 
in  m a n y  areas. E as tw ard  of G u a n tán am o  th e  d o m in a n t v eg e ta tio n  ty p e  is th e  sem i-desert 
s c ru b  w ith  tree-shaped  a n d  co lu m n ar cacti. On th e  te rraces a rid  evergreen sh rubw oods, open 
sc ru b s w ith  agaves, d w arf a n d  ta ll th in  p a lm s p red o m in ate . In  th e  f la t  valleys o f rivers sec­
o n d a ry  savannas com posed of sh o rt grasses, w ith  Sabal parviflora  palm s are  found .
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REINTERPRETATION OF THE ECOLOGICAL NICHE

I .  P r é c s é n y i

D EPARTM ENT OF BOTANY, KOSSUTH L A JO S  U N IV ER SITY , D E B R E C E N , HUNGARY 

(R eceived: 25 A u g u s t 1985)

As a  consequence of concept p a ir ,  en v iro n m en t a n d  to lerance, a d is tin c tio n  
be tw een  n -d im ensional niche and e ffe c to r spaces is suggested . The axes o f e ffec to r 
space correspond to  ecological effective fa c to rs , w hereas th o se  o f niche space are associ­
a te d  w ith  th e  to le ran ces o f a p o pu lation .

Introduction

R ecen tly , th e  e la b o ra tio n  of u n am b ig u o u s ecological co n cep ts and  term s has s ta r te d . 
T he in te rp re ta tio n  of ecological env ironm en t a n d  to lerance  is re la te d  to  ecological fac to rs  and  
ra ised  questions u n ex am in ed  so far.

T he po p u latio n s live  on  geographically  defin eab le  sites. In  th e  topographic  space d if­
fe re n t fac to rs  are p resen t. F ro m  th e  s ta n d p o in t o f  ecology, fac to rs  influencing th e  su rv iv a l o f 
p o p u la tio n s  are  im p o rta n t (e ffective  facto rs; e x te r io r  com plex). T h e  populations are ab le  to 
to le ra te  th e  effects or n o t, d epend ing  on th e ir  b io log ical fea tu res  (to le ran ce ; in te rio r com plex). 
T he in te rio r  com plex is in flu en ced  by th e  e x te r io r  lim iting  com plex . The lim iting  fac to rs  
form  th e  ecological en v iro n m en t. The p o p u la tio n  is able to en d u re  such  factors if  th e y  do n o t  
exceed its  ow n to lerance lim its . T heoretically  a n d  p o ten tia lly  th e re  is an infinite  n u m b er of 
ex te rn a l fac to rs  and  in te rn a l features. H ow ever, in  p ractice  o n ly  a n  enum erable su b se t o f 
facto rs fo rm  ecological e n v iro n m en t— to lerance re la tio n sh ip s .

T h e  c o n c e p t s  e c o l o g i c a l  e n v i r o n m e n t  a n d  t o l e r a n c e  a r e  c o m p l e m e n t a r y ,  w e  c a n  e x p l a i n  

o n e  b y  t h e  o t h e r  ( J u h á s z - N a g y  a n d  V i d a  1978, J a k u c s  e t  a l .  1984, J u h á s z - N a g y  1984).
W e p o in t to  an  im p o r ta n t  consequence o f a n  u n am b ig u o u sly  explained concep t p a ir  

(en v iro n m en t an d  to le ran ce) in  th e  niche th eo ry .
A fte r H u t c h i n s o n  (1958, 1967), the n ich e  is in te rp re te d  as a n  n-dim ensional space th e  

axes o f w hich  are h a b ita t  fac to rs . L ater, th e  in te rp re ta tio n  of n iche  sh ifted  to th e  d irec tio n  
of resources: “ R ecen tly  ho w ev er, the  ecological n iche  has becom e increasing ly  iden tified  w ith  
resource  u tiliza tio n  sp e c tra  . . .”  ( P i a n k a  1976). H ow ever, we m a y  assign to M acA rth u r’s 
opin ion th is  ex p lan atio n  ( M a c A r t h u r  1968).

T he te rm  b io tope space  was used b y  H u t c h i n s o n  (1958). N ow adays experts do n o t 
ap p ly  th e  b io to p e  space in  in te rp re ta tio n  of th e i r  in v estiga tions.

W h i t t a k e r  e t al. (1973) com bined th e  n iche and  h a b ita t  in  th e  te rm  ecotope a n d  
proposed  th e  use of te rm s h a b ita t  hyperspace , n iche  hyp ersp ace  a n d  ecotope hyp ersp ace . 
S z a b ó  d istinguishes e x te rn a l a n d  in te rn a l niche ( S z a b ó  1984).
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Niche space and effector space

P o pu la tions h av e  genetica lly  d e te rm in ed  to lerance lim its  regard ing  d if­
fe re n t facto rs. Inside  th e  to le rance  lim its  live th e  ind iv iduals o f a p o p u la tio n , 
a t  som e places w ith  a reduced  v igour. T olerance  lim its concern ing  effective 
fa c to rs  m ark  ou t th e  niche of th e  p o p u la tio n , and form  an  n -d im ensional 
space , th e  niche space. The axes o f n iche space are given b y  in te rn a l fe a tu re s

Effector axis

F ig. 1. The realized  niche and  place of p o p u la tio n s  (A, В and  C) on  e ffec to r space

of th e  pop u la tio n  (to lerances). I f  b io tic  an d  abiotic  lim iting  fac to rs  are a b se n t 
w e m ay  speak of th e  fu n d am en ta l n iche o f th e  population .

In  n a tu re , b io tic  an d  ab io tic  effective factors (e.g., o th e r  p o p u la tio n s , 
resources, etc.) in fluence  th e  niche of a p o p u la tio n . F rom  th e  fac to rs we m ay  
c o n s tru c t an o th e r n -d im ensional space, th e  effector space. T he e ffec tive  
e x te rn a l fac to rs c o n s titu te  th e  axes of effec to r space.

P op idations w ill fill up d ifferen t p a r ts  o f the  effector space accord ing  to  
th e ir  niche. Since u su a lly  th e re  is co m p e titio n  am ong p o p u la tio n s, they  ch an g e  
th e ir  niche am ong them selves, th is  is called  th e  realized n iche.

T hus, we m ay  c o n s tru c t tw o n -d im ensiona l spaces, e ffec to r and  n iche  
spaces, in  accordance w ith  th e  en v iro n m en t an d  to lerance co n cep t pair.

In  Fig. 1 we show  th e  ab o v e-m en tio n ed  ideas. Since th e  fu n d a m e n ta l 
n ich e  is h a rd ly  d e te rm in ab le  in  p rac tice  (see e.g., K rebs 1978), we p re se n t a 
h y p o th e tic a l exam ple.
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THE ACOLUTHIC SPACE AND ITS IMPORTANCE 
IN THE ECOLOGICAL RESEARCH

I .  P r é c s é n y i

D EPA R T M E N T OF BOTANY, K OSSUTH  LAJOS U N IV ER SITY , D E B R E C E N , HUNGARY 

(R eceived : 10 M ay 1985)

T he in tro d u c tio n  in  ecology of th e  co n cep t o f aco lu th ic  space is m ade reaso n ab le  
b y  th e  fa c t th a t  th e  successional stages follow  each o th er in  space and  tim e a n d  th is  
process can  be conceived as one tak in g  p lace  in  a b s tra c t space. Since th e  b io tic  co m ­
m u n ities  rep re sen t an  o rg an iza tio n  level d iffe ren t from  th a t  o f th e  po p u la tio n s, a n d  
th e ir  special ch arac te ris tics  a re  d iffe ren t fro m  those  of th e  p o p u la tio n s, th ere fo re  th e  
te rm  n iche space, a concep t re la tin g  to  p o p u la tio n s c an n o t be  used  in  th e  case of 
com m unities.

B y  aco lu th ic  space an  n-d im ension  space is u n d ersto o d  in  w hich  th e  successional 
s tages —  aco lu thoses —  are  a rra n g e d  along c e rta in  axes. T he acolu thoses o c cu p y  
c e r ta in  sections o f space. T he axes re p re se n t th e  fac to rs  im p o r ta n t for th e  ( tem p o ra ry )  
su rv iv a l an d  tem p o ra l changes o f th e  aco lu thoses, and  th e  responses given b y  th e  
aco lu thoses to  th e  de facto  e ffective  fac to rs , respec tive ly . On th e  axes th e  b re a d th  of 
aco lu thos and  th e  overlap  of aco lu thoses can  be estim a ted .

T he new  concept even  m akes i t  possib le to  characterize  com m unities a d ja c e n t  
in  a c tu a l (topograph ic) space from  m ore th a n  one p o in t o f view . F u r th e r , i t  m a y  give 
in fo rm a tio n  on th e  reg u la tio n  an d  con tro l o f com m unities, and  possib ly  on th e  a p p ro x i­
m atio n  of hom eostasis.

S u b seq u en tly  two exam ples (a ffo re s ta tio n  of sand-hills an d  dolom ite rock slopes) 
o f th e  use of th e  new  concept in  th e  case o f succession are show n.

Introductory remarks

T he niche- a n d  succession researches occupy a c en tra l place in  th e  ecology of these  d a y s .
T he su p ra in d iv id u a l stud ies are  m ade  a t  va rio u s o rgan ization  levels. T he o rg an iza tio n  

levels fo rm  a h iera rch y . The levels follow ing one a f te r  th e  o th er in  th e  h iera rch y  have sp ec ia l 
c h arac te ris tics  in te rp re ta b le  only a t  th e  g iven  level ( K r e b s  1972). F o r se ttin g  up  th e  h ie ra rch y  
o f th e  o rg an iza tio n  levels an  exam ple  is found  in O d u m ’s  (1959) book. R ecen tly  J a k u c s , 

D é v a i  an d  P r é c s é n y i  (1984) have  d e a lt w ith  th is  su b ject. T he so-called collective levels 
suggested  b y  th e m  correspond w ith  a single ex cep tio n  to  th e  levels g iven  in  O d u m . The a u th o rs  
m en tio n ed  sep a ra te  th e  follow ing collective levels: (ind iv idual) -*■ p o p u la tio n  — bio tic  co m ­
m u n ity  — biom e — biosphere ( J a k u c s , D é v a i  an d  P r é c s é n y i  1984).

T he niche stud ies are m ade a t  p o p u la tio n  th e  succession ex am in atio n s a t  c o m m u n ity
level.

T he p o p u la tio n s are ch aracte rized  am ong o th e rs  b y  th e ir  p osition  in  th e  niche space, 
nam ely  b y  th e  section  of space th e y  are  s itu a te d , th e  b re a d th  of niche on th e  niche axes, 
an d  by th e  size o f th e  overlap.

In  th e  com m unities a n u m b er o f d iffe ren t p o p u la tio n  collectives are  sim u ltan eo u sly  
p re sen t w ith  th e ir  b eh av io u r types m ore or less co -o rd in a ted  ( J u h á s z - N a g y  and V i d a  1978). 
T he special ch arac te ris tics  of th e  p o p u la tio n s  do n o t agree w ith  those  of th e  com m unities.

Acta Botanica Hungarica 32, 1986
Akadémiai Kiadó, Budapest



54 . P R É C S É N Y I

T he p la n t com m unities a re  spec ia lly  ch arac te rized  e.g . by  th e  species (p o p u latio n ) com posi­
tio n , th e  d iversities (e.g. species-ind iv idual, -cover), th e  layering  an d  th e  aspects; a fu r th e r  
ch ara c te ris tic  of th em  is t h a t  p o p u latio n s be long ing  to  d ifferen t life fo rm s, grow th- and  areal- 
ty p e s , an d  to  d iffe ren t co m p lex  in d ica to r n u m b ers  coexist in a m ore or less o rd e rly  form .

T he com m unities o f te n  can  be regarded  as s tages o f a g iven  succession series. T hey  
follow  each  o th er a t  lo n g er o r  sh o rte r in te rv a ls . O n  th e  succession a n d  its  u p -to -d a te  in te r ­
p re ta tio n  a n u m b er o f b o oks a n d  papers have  b een  pu b lish ed , see e.g. H o r n  (1974), G o l l e y  

(1977), F e k e t e  (1985).
As po in ted  o u t in  th e  foregoing the  n iche is a  concep t re la tin g  to  p o pu lations. A con­

c ep t re le v an t a t  a  c e r ta in  o rg an iza tio n  level (p o p u la tio n ) can n o t be used  w ith  a n o th e r one 
(co m m u n ity ), as e.g. W u e n s c h e r  (1974) a tte m p te d  to  do it: “ T h a t p a r t  o f niche space occupied 
b y  a  p la n t co m m u n ity  co n sis ts  of th e  to ta l vo lu m e o f th e  niches o f a ll th e  species w ith in  th e  
c o m m u n ity ” . I t  follow s fro m  th e  ch aracte r o f th e  co m m u n ity  th a t  co m m u n ity  niche c an n o t 
be  spoken  of. A c o m m u n ity  th o u g h  organized fro m  p o p u latio n s is n o t sim ply  th e  sum  or 
ev en  th e  p ro d u c t o f th e  p o p u la tio n s  w hich com pose it .

Aeoluthic space

T he successional s tages following each  o th e r in  space and  tim e can be 
im ag ined  as s itu a te d  in  a n  ab s trac t space. W e suggest to  designate  th is  a b s tra c t 
space b y  the  te rm  aeo lu th ic  space.* B y th e  te rm  aeolu th ic  space an n-d im ension  
space  is u n d ersto o d  in  w h ich  th e  successional stages (acoluthoses) are a rranged  
a long  certa in  axes. T h e  acoluthoses occupy  ce rta in  sections of space. T he axes 
rep re sen t th e  fa c to rs  im p o r ta n t for th e  te m p o ra ry  su rv iv a l and  tem p o ra l 
changes of th e  aco lu th o ses , and  th e  responses given b y  th e  acoluthoses to  th e  
de fac to  effective fa c to rs . On the  axes th e  b re a d th  of each  aco lu thos an d  th e  
overlap  of a d ja c e n t aco lu thoses can be sized  up , and  changes in  th em  d uring  
th e  succession can  be  s tu d ied . I t  can  b e  seen th a t  th e  fo rm ula tion  o f th e  
aeo lu th ic  space is v e ry  sim ilar to  b u t  n o t  id en tica l w ith  th e  fo rm u la tio n  of 
th e  niche space. T h e  in tro d u c tio n  of th e  new  concept is m ade necessary  by 
th e  difference b e tw een  th e  o rganization  levels.

W e suggest to  use th e  following te rm s : niche space, -b read th  and -overlap  
fo r popu la tio n s; aeo lu th ic  space, b re a d th  o f aco lu thos an d  overlap  of aco­
lu thoses for b io tic  com m unities.

Succession o f plant communities on sand hill and dolomite rock

Two exam ples o f  how  to  size up th e  b re a d th  of acolu thos an d  overlap  of aco lu thoses 
a re  given below . T he succession  leading to a ffo re s ta tio n  is show n on sand  hills in  one of th e  
exam ples, and on  do lom ite  ro ck  slopes in th e  o th e r .

T he d a ta  o f th e  f i r s t  succession series w ere  ob ta in ed  from  th e  p u b lica tio n  of Z s o i . t  

(1943). In  th e  series th e  follow ing stages w ere in c lu d ed  (w ith  th e  o rig inal nam es p u b lished  by

* A coluthos is a  w o rd  of Greek origin, i t  m ean s: ru ler succeeding on th e  th ro n e .
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th e  au th o r): Festucetum  vaginatae (sw ard  on  sand  h ill w ith  low  cover), Festucetum  sulcatae 
(sw ard  on sand hill w ith  h igh  cover) a n d  C onvallario-Quercetum  (oak  fo res t on  sand  h ill w ith 
closed canopy). As fo r th e  stage(s) b e tw een  Festucetum  sulcatae an d  Convallario-Quercetum  
phytosociological re leves w ere no t av ailab le  (it is in d ica ted  b y  e m p ty  places in  Figs 1 an d  2).

The phytosocio logical d a ta  of th e  o th e r  succession series w ere p laced  a t  ou r disposal by  
Z ó l y o m i . The m em bers o f  th e  series a re : Seseleo leucosp er m o-F estucetum  pallen tis  (sw ard  on 
do lom ite  rock w ith  low  cover), Chrysopogono-Caricetum hu m ilis  (sw ard  on  do lom ite  rock  w ith  
h ig h  cover), Cotino-Q uercetum pubescentis (sh ru b -fo rest w ith  Cotinus coggygria an d  Quercus 
pubescens on dolom ite ro ck ) and Orno—Quercetum pubescenti cerris (calcicole oak  forest).

For the two axes o f th e  aco lu th ic  space we chose th e  so-called W - and  R -, soil d ryness 
an d  soil reaction , axes. T he ind ica to r n u m b ers  o f W and  R  are used  on  th e  basis of p u b lica ­
tio n s  by  E l l e n b e r g  (1950), Z ó l y o m i  (1964) and  Z ó l y o m i  e t al. (1967); th e  m ean ing  of in d ica to r 
n u m b ers : freq u en t species on ex trem e d ry  (WO), v e ry  d ry  (W l) , d ry  (W 2), m o d era te  d ry  
(W 3), m oderate fresh  (W 4), fresh (W 5), m o d era te  m oist (W 6) soil; R0 in d iffe ren t species,

F ig. 1. D istribu tion  o f m eans of W in d ic a to r  n u m bers calcu la ted  from  th e  phytosocio logical
releves

X  axis: class m eans — Y  axis: %  — n: n u m b er of releves — a) Seseleo-Festucetum  (n  =  35); 
b ) Chrysopogono-Caricetum  (n  =  28); c) Cotino-Quercetum  (n  =  50); d) Orno-Quercetum  (n  =  50); 
e) Festucetum vaginatae  (n  =  15); f) Festucetum  sulcatae (n  =  13); g) Convallario-Quercetum

(n =  10)
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F ig . 2. D istrib u tio n  o f m ean s of R  in d ica to r n u m bers ca lcu la ted  from  th e  phytosocio logical 
releves. F o r th e  d esignation  see Fig. 1

R1 ab so lu te ly  calcifuge species, R2 calcifuge species, R3 on  w eak ly  acid soil, R4 on n e u tra l  
soil f re q u e n t species, R5 calcicole species. T he above c lassifica tion  is on ly  re le v an t in  a given 
(geograph ic, clim atic) reg io n ; in  a n o th e r reg ion  th e  sam e species m ay  be g iven  d ifferen t W  
an d  R  in d ica tio n  n u m b ers  accord ing  to its  b eh av io u r d isp layed  there .

O f the  p lan t co m m unities belonging to  th e  tw o succession series 10-50 phytosocio logical 
re leves pe r each w ere in  h a n d  ( B r a u n - B l a n q u e t  1951, B e c k i n g  1957). T he m eans of W  

an d  R  in d ica to r n u m b ers  calcu la ted  for each  releve p laced  in  th e  sam e co m m u n ity  w ere 
categorized*  (Figs 1 an d  2).

On th e  basis o f m ean s p laced in  classes we sized up  th e  b re a d th  of aco lu thos and  
o v e rlap  of ad jacen t aco lu th o ses on  each  axis. The b re a d th  (B ) an d  overlap  (a  an d  ß )  were 
d e te rm in ed  w ith  fo rm ulae  b y  L e v i n s  (1968):

В /  =  1 !Zv]j , a a h i
± ' V h j  • P i j

- P o l ­
and ß  =  ОС fa

w  P hj ‘ P ij

- p  ь
w here p jj m eans th e  re la tiv e  frequency , a  re la tes  to  overlap  of /i-aco lu thos b y  i-aco lu thos, 
ß  to  o v erlap  of i-aco lu thos b y  /i-acolu thos, j  is th e  n u m b er of classes on  th e  axes (cf. F e k e t e  

e t al. 1976).

* T hanks are due to  P ro f. B. Z ó l y o m i  for estab lish ing  th e  W  and  R  in d ic a to r num bers 
fo r th e  species and com piling  th e  tab e lla r m ateria l.
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Results

O n th e  W  (soil dryness) axis th e  b re a d th  of aco lu thoses follow ing each 
o th e r increases to w ard s th e  f in a l (clim ax) stage in  b o th  succession series 
(T ables 1 and 3). T he increase in d ic a te s  th a t  a t th e  beg in n in g  p o p u la tio n s of 
th e  few  species th a t  su rv ive  even  on  v e ry  dry  soil are  p re v a le n t. W ith  th e  
progress of th e  succession, w hen th e  soil becom es m ore an d  m ore th ick e r, th e

Table 1

Breadths and overlaps o f  acoluthoses on the W  axis 
(sand-hill series)

F estucetum  Festucetum  Convallario—
vaginatae sulcatae Q uercetum

Festucetum vaginatae 1.1422 0.6285

Festucetum sulcatae 0.3268 2.1965 0.0000

Convallario-Quercetum  0.0000 2.3809

In  th e  m ain diagonal th e  B, values, in  th e  righ t upper m a trix  th e  a -, in  th e  left low er 
m a trix  th e  ^-values are found.

Table 2

Breadths and overlaps o f  acoluthoses on the R  axis  
(sand-h ill series)

Festucetum  Festucetum C onvallario-
vaginatae sulcatae Q uercetum

Festucetum vaginatae 2.2724 0.0248

Festucetum sulcatae 0.0224 2.5221 0.0305

Convallario-Quercetum  0.0523 1.4706

For exp lanation  see T ab le  1.

Table 3

Breadths and overlaps o f  acoluthoses on the W  axis  
(dolom ite-rock series)

Seseleo—
Festucetum

Chrysopogo n o -  
Caricetum

C otino-
Quercetum

O rno-
Quercetum

Seseleo— Festucetum 1.9984 0.7300

Chrysopogono—
Caricetum 0.6364 1.7422 0.2700

Cotino-Quercetum 0.3761 2.0391 0.2096

Orno-Quercetum 0.2734 2.6596

For exp lanation  see T ab le  1.
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Table 4

Breadths and overlaps o f  acoluthoses on the R  axis 
(dolom ite-rock series)

Seseleo—
Festucetum

Chrysopogono-
Caricetum

C otino-
Quercetum

O rn o -
Quercetum

Seseleo-Festucetum 1.3359 0.2017
Chrysopogono-

Caricetum 0.2349 1.5556 0.7422
Cotino-Quercetum 0.9528 1.9968 0.7172
Orno—Quercetum 0.7521 2.0938

F or ex p lan a tio n  see Table 1.

sh ru b s  and trees e s ta b lish  them selves, and  th e  can o p y  m akes its  shade effect 
fe lt, species w ith d iffe ren t soil m oistu re  dem ands are ab le to  coex ist.

The first tw o aco lu th o ses  in  th e  series have large o v erlap s on th e  W axis 
(T ab les 1 and 3). T h is m a y  in d ica te  th a t  sw ards w ith  h ig h er co v er (Festucetum  
sulcatae  and Chrysopogono-Caricetum) gain ground  a t  th e  expense of those 
w ith  low cover. W e p u t  fo rw ard  th e  in te rp re ta tio n  th a t  th e  influence of 
sw ard s  w ith high cover on tho se  w ith  low cover is g re a te r  th a n  th a t  exerted  
b y  th e  la tte r  on th e  fo rm er.

On the R (soil re a c tio n ) axis th e  la s t aco lu thos in  th e  series of succession 
ta k in g  place on san d  hill has th e  sm allest b read th  (T able 2). T his decrease in 
b re a d th  is ind icative o f  a co n cen tra tio n  of dom inance. In  th e  succession series 
on  dolom ite rock th e  b re a d th  of aco lu thoses increases from  th e  in itia l s ta te  
onw ard s (Table 4). I t  c an  he seen th a t  th e  b re a d th s  of sw ard  com m unities a t 
th e  beginning of th e  series are d is tin c t from  those  of p la n t com m unities 
in c lu d in g  shrubs an d  tre e s . T he la t te r  (Cotino-Quercetum  an d  Orno-Quercetum) 
h a rd ly  differ in b re a d th . I n  th is  succession series th e  overlaps of Chrysopogono- 
Caricetum  and C otino-Q uercetum , an d  of Cotino-Quercetum  an d  Orno-Querce­
tu m  are large (Table 4). S tu d y in g  these  com m unities from  a d ifferen t po in t of 
v iew  J a k u c s  (1972) p o in te d  o u t a close successional re la tio n sh ip  betw een 
sw ard s  on dolom ite ro ck  an d  sh rub  forests (po lycorm on  succession).

Concluding remarks

I t  seems to  be ad v isab le  w hen w orking w ith  categories (e.g. species, life 
fo rm  com position, a re a l ty p es , constancy , etc.) to  place th e  d iversities cal­
c u la te d  for each re leve  o f th e  phytosociological tab le  in classes and  so de­
te rm in e  the  position  o f  th e  aco lu thos concerned in  th e  aco lu th ic  space.

The question  o f  p o p u la tio n -g ro u p s (-collections) be tw een  th e  levels of 
p o p u la tio n  and b io tic  c o m m u n ity  rem ains to  be solved.
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T he in te rp re ta tio n  of * and  ß  in  th e  case of aco lu thoses requ ires con­
sid era tio n . P erhaps th e y  could give som e clue to  th e  com petitio n  betw een  
acolu thoses.

Summary

W e suggest to  in tro d u ce  th e  concep t of aco lu th ic  space in  ecology. T he 
new  concept im plies th a t  during  th e  succession th e  in d iv id u a l stages (aco lu ­
thoses) follow each o th e r in  space and tim e , and  th is  process can  be conceived 
as one tak in g  place in a b s tra c t space. Since th e  co m m u n ity  as an  o rg an iza tio n  
level differs from  th e  p o p u la tio n , an d  has special ch a rac teris tic s  d ifferen t from  
tho se  of th e  p o p u la tio n , th e  concept of niche w hich re la te s  to  p o p u la tio n s 
can n o t be used in  th e  case of com m unities. T he ap p licab ility  of th e  concep t 
of aco lu th ic  space is show n b y  th e  exam ple of tw o succession series.
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SPATIAL PROCESSES 
IN A GRASSLAND COMMUNITY, III.

S P E C IE S -A R E A  R E L A T IO N , D O M IN A N C E -D IV E R S IT Y  CURVES, 
CH A N G ES IN  T H E  FR E Q U E N C Y  A N D  D E N S IT Y  O F  T H E  SPEC IE S*

J .  N . N ő s e k

I N S T I T U T E  O F  E C O L O G Y  A N D  B O T A N Y , H U N G A R I A N  A C A D E M Y  O F  S C I E N C E S , Y Á C R Á T Ó T , H U N G A R Y

(R eceived: 15 M arch  1985)

A s  a  s e q u e l  o f  t h e  p r e v i o u s  p a p e r s  ( M o l n á r  a n d  N ő s e k  1979, 1980), t h e  a u t h o r  

i n v e s t i g a t e d  t h e  b e h a v i o u r  o f  t h e  n u m b e r  o f  s p e c i e s ,  t o t a l  n u m b e r  o f  i n d i v i d u a l s ,  t h e  

n u m b e r ,  d e n s i t y ,  r e l a t i v e  d e n s i t y ,  f r e q u e n c y ,  a n d  r e l a t i v e  f r e q u e n c y  o f  e a c h  s p e c i e s ,  

a s  w e l l  a s  t h e  d o m i n a n c e - d i v e r s i t y  c u r v e s  b y  m e a n s  o f  a  s p a t i a l  p r o c e s s  i n v o l v i n g  

p l o t  s i z e  c h a n g e .

T he in v es tig a tio n  w ere carried  o u t  in  a san d y  g ra ss lan d , F estucetum vaginatae  
danubiale , n e a r V á c rá tó t,  N o rth  H u n g ary . E leven  p lo t sizes ran g in g  from  100 cm 2 to  
25 600 cm 2 w ere app lied . Sam pling was m ad e  by  a co m p u te r placing 180 q u a d ra ts  o f 
each size ran d o m ly  on  a  m ap of a scale 1 : 10  d raw n  on th e  basis a p h o to g rap h ed  
section  of th e  co m m u n ity .

The species-area  curve of th e  c o m m u n ity  could be sep a ra ted  in to  tw o sec­
tions w ith  d iffe ren t functions f itte d . T his sep a ra tio n  w as d u e  to  th e  difference in  th e  
dom inance of species.

The d o m in an ce  re la tio n  of species an d  th e  re flec ted  n iche segregation p ro v ed  
in v a ria n t a t  d iffe re n t p lo t sizes on th e  b asis o f th e  d o m in an ce-d iv ers ity  curves. T he 
ran k o rd e r o f species along the  curves su p p o rts  th e  conclusions ab o u t th e  generalist- 
specialist c h a ra c te r  o f th e  species in d ica ted  in a p rev ious s tu d y .

The freq u en cy  values were a p p ro x im a te d  b y  lo g is tic  curves. These curves 
re flected  also th e  dom inance s tru c tu re  o f th e  co m m u n ity  a n d  m ade possible to  cal­
cu la te  th e  m in im u m  p lo t size necessary  to  re ac h  a p re-de term in ed -freq u en cy  v a lve .

T he n u m b er o f  ind iv iduals gave s tro n g  p ositive  lin ea r co rre la tion  w ith  p lo t size.
The “ fu n c tio n a l m inim um  area”  d e te c te d  in  th is c o m m u n ity  is ab o u t 3200 cm 2.

Introduction

T he fa c t th a t  v e g e ta tio n  (and also th e  fa u n a )  is sp a tia lly  he terogeneous has long been  
recognized by  field  b io log ists. T he prob lem  a n d  ex p lan a tio n  of sp a tia l  v a ria tio n  of v a rio u s 
p o p u la tio n s an d /o r co m m u n itie s  are as in te re s tin g  as tem p o ra l v a r ia tio n , as spa tia l v a r ia b ili ty  
has been  in v es tig a ted  n e a r ly  since th e  recogn ition  of th e  p h en o m en o n  itself.

S p a tia l v a r ia b ili ty  m ay  have influence on  th e  e s tim a tio n  o f p o p u la tio n  and co m m u n ity  
p a ram e te rs , such as th e  n u m b e r of species, d e n s ity , d iv e rs ity , c h a ra c te ris tic  areas, e tc . O n th e  
o th e r  h an d , th e  a c tu a l v a lu es of these p a ra m e te rs  m ay  change  according to  th e  sp a tia l  
heterogeneities. F ro m  th ese  fac ts  i t  is obvious t h a t  sam pling  h as a  k e y  role in th e  s tu d y  of 
sp a tia l v a riab ility . T h e  l ite ra tu re  of th is  q u estio n  is fa irly  rich , how ever, in v estig a tio n s 
ap p ly in g  sp a tia l processes a re  in  m inority . U n d e r  th e  te rm  “ sp a tia l  process”  we m ean  th e

* “ Tece s tu d ies”  N o. 38.
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sam e  as in  th e  p rev ious tw o  p ap ers , i.e ., th e  b e h av io u r of several c h a ra c te ris tic s  in  th e  fu n c tio n  
o f sam p lin g  u n it size. A b o u t th e  g en era l th e o ry  an d  application  of sp a tia l  processes th e re  is 
a n  ex ce lle n t overview  (P o d a n i 1984).

I n  th is  p ap er we co n tin u e  th e  s tu d y  of d iffe ren t vegeta tio n  ch ara c te ris tic s  b y  m eans 
o f a  sp a tia l  process. Som e of these  w ere d iscussed  to  a certa in  degree in  P a r ts  I an d  I I  (M oln ár  
a n d  N ő se k  1979, 1980). In  th is  p a p e r  th e y  are  also discussed, because  th e  sam pling  process 
is so m e w h a t d ifferen t from  th a t  described  in  I a n d  I I ,  fu rth e r species a re  invo lved  in th e  
a n a ly s is  and  d ifferen t m eth o d s of e v a lu a tio n  are  used .

As th is  to p ic  has an  enorm ous l i te ra tu re  i t  c an n o t be th e  ta s k  of th is  p ap er to  give 
e v en  a superficial review . T herefo re , on ly  th o se  p a p ers  necessary fo r th e  d iscussion will be 
m e n tio n e d  or cited.

Material and methods

1.1. The in v estig a tio n s were carried  o u t in a sandy  g rassland  ( Festucetum  vaginatae  
danub ia le ) n ear V ácrá tó t, N o rth  H u n g a ry . A d e ta iled  descrip tion  of th is  co m m u n ity  is g iven  
in  F e k e t e  e t al. (1976).

1.2. The d a ta  w ere o b ta in ed  using  a m ap  of a scale 1 : 10. T he m ap  w as d raw n  on th e  
b a s is  o f p h o tographs of an  a rea  o f 4 .8 x 1 0  m , ta k e n  in  Ju ly  1975. (T his m ap  is th e  sam e as 
u se d  in  N ősek  1976.) T he d a te  of sam pling  co rresponds to  the  sum m er a sp e c t in  P a r ts  I  a n d  I I .

Sam pling  was carried  o u t on th is  m ap  u sin g  q u ad ra ts  o f d iffe ren t sizes, each of 180 
rep lica tio n s . The q u a d ra ts  w ere ra n d o m ly  p laced  on th e  m ap using  a H P  9820A ca lcu la to r 
a n d  p lo tte r .  The q u a d ra ts  w ere d raw n  by  th e  p lo tte r  using th e  sam e scale o f 1 : 10. T he c o u n t­
in g  o f  th e  ind iv iduals was m ade tak in g  a su rv ey  o f these  q u ad ra ts  o f th e  m ap . 11 p lo t sizes 
w ere  app lied : 100, 200, 400, 800, 1600, 3200, 3600, 6400, 10 000, 12 800 a n d  25 600 cm 2. In  th e  
seq u e l p lo t sizes will be referred  to  by  n u m b ers  1, 2, . . ., 11. F rom  th e  sizes tw o series can  
b e  se t  up :

a) by  powers o f tw o, 1 0 0 x 2 ”, n =  0, . . ., 8  (sizes 1, 2, 3, 4, 5, 6 , 8 , 10 and  11);
b ) increasing th e  side o f th e  q u a d ra t  b y  20 cm  from  th e  20 X 20 cm  size (p lo t sizes 3, 

5 7, 8  a n d  9).
Series “ b ”  was needed to  co m pare  th e  re su lts  w ith  those e s tab lish ed  in  th e  p rev ious 

tw o  p a r ts .  In  th is p ap er th ese  tw o series o f sizes will be used to gether.
In  some cases th e  to ta l  p h o to g rap h ed  a rea  o f 480 000 cm2 h ad  to  be  added  to  th e  

series. T his “ size”  will be d en o ted  by  “ T ” .
A s a consequence of th e  lim ited  size o f th e  s tu d y  area (4.8 X lO  m ) an d  th e  re la tiv e ly  

h ig h  n u m b er of rep lica tions, th e  q u a d ra ts  w ere m ore or less overlapp ing .
1.3. T en v ascu la r p la n t species w ere fo u n d  on th e  m apped area . T hese are: Festuca  

v a g in a ta , Thym us  sp., F um ana  procum bens , M edicago m in im a , Carex stenophylla , Festuca  
wagneri^ Cynodon dactylon , Plantago ind ica , Centaurea arenaria and  Onosma arenaria. T he la s t  
one  w as rep resen ted  only by  tw o specim ens, so i t  was neglected from  th e  ev a luation .

As in  th e  case of som e species th e re  w as no possib ility  to  se p a ra te  th e  in d iv id u a ls  
w ith in  a p a tch , a p a tc h  w as reg ard ed  as a single ind iv idual. For these  p a tch -fo rm in g  species 
a sing le  in id iv id u al w as reco rded  as p re sen t even  if  only a sm all f ra c tio n  of th e  p a tc h  fell 
w ith in  th e  sam pling u n it.

1.4. The following sym bols will be used  th ro u g h o u t:

is th e  a rith m etic  m ean of c h arac te ris tic  X  fo r th e  180 replications; i d en o te s  th e  species (in  
a c tu a l  cases th e  i-s are rep laced  b y  a b b rev ia tio n s: Fe , Th, F u , M e, Ca, F w , Cy, PI, Ce. T h is 
o rd e r  is th e  sam e as th a t  of th e  species l is t  ab o v e); j  denotes th e  p lo t size, j  =  1 , . . ., 11  a n d  
T  (cf. 1.2).

T he following ch arac te ris tics  w ere m easu red  an d /o r calculated:

A  j — p lo t size (cm2)
Si — th e  m ean n u m b er o f species a t  p lo t size j

_  . . .  — 
n  ij — th e  m ean n u m b er o f in d iv id u a ls o f species i a t  p lo t size j ,  2 i n ij —  Ny
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th e  ab so lu te  den sity  o f species i a t  p lo t size j  (no. of in d iv id u a ls /m 2)

l ’d«7 =  D;i

th e  freq u en cy  of species i a t  p lo t size j  =  th e  nu m b er o f p lo ts  of size j  in w hich 
species i is p resen t d iv id ed  b y  th e  n u m b er o f rep lications (here  180).

S  _

± ' {ij =  1i
d ij — re la tiv e  d en sity

1 0 0

D v
fjj  — re la tiv e  frequency

1 0 0

FJ

Curve f i t t in g  was m ade  using  th e  no n -lin ear least squares m eth o d  (D r a pe r  and  
Sm ith  1966).

Results and discussion

2.4. Species-area re la tion

2.1.1. T he re la tio n sh ip  b e tw een  th e  n u m b er o f species and  th e  sam pled  area  has been 
s tud ied  for m ore th a n  60 y ears. T hese  in v estig a tio n s can  be reg ard ed  as “ p io n eer”  ap p lica ­
tions of sp a tia l processes.

T he m a jo rity  o f th e  species-area  curves w ere o b ta in ed  for larg e  a reas (in geographical 
sense), and  fa r less in v es tig a tio n s w ere carried  o u t w ith in  a co m m u n ity . Connor  an d  M cCoy 
(1979) review ed 100 species-area  curves of w hich  v e ry  few had  b een  derived  from  sm aller 
a reas com parab le  to  a  single co m m u n ity .

T he spec ies-area  curves o rig ina lly  were reg ard ed  as a usefu l to o l to  de te rm in e  or 
p red ic t several ch a rac te ris tic s  (cf. Connor  and  M cCoy  1979), such  as o p tim u m  sam ple  p lo t 
size and  n u m b er, m in im um  a rea , ra te  of species accu m u la tio n , th e  expected  n u m b er of 
species in  a c o m m u n ity , etc. F o r  th ese  purposes th e  above au th o rs  a tte m p te d  to  give som e 
biological in te rp re ta tio n s  — w ith  m ore  or less success — to  th e  p a ra m e te rs  o f th e  f i tte d  curves.

Several fu n c tio n s  w ere p ro p o sed  to  describe  th e  b eh av io u r th e  n u m b er of species in 
re la tio n  to  th e  a rea  (B alogh 1953, Conn o r  and  McCoy 1979, K o ba y a sh i 1979, P o da n i 1984).

R ecen tly , K o bay a sh i p ro v id ed  a general th e o ry  and on th is  basis som e m odels “ w hich  
d em o n stra te  th e  process (i.e., th e  general process u n d e rly in g  th e  cu rves) and  give som e com ­
m u n ity  p a ram e te rs  of ecological significance”  (K o ba y a sh i 1979). H is m odels are based  on 
th e  p ro b ab ility  fo r a species to  be  p re sen t in a sam pling  u n it. H e p roposed  equ atio n s fo r a 
co m m unity  in  a n  “ open h a b i ta t”  (S =  A ln  (1 -\- x /E ))  and  for a “ delim ited  c o m m u n ity ” 
(S = T  [1 — (1 +  x/ E ) - a ]).

To th e  p a ra m e te rs  in  th e  eq u a tio n s  he gave th e  follow ing m ean ing . “ E  is, th e  e lem en ta l 
area , an d  m ay  be regarded  as a p a ram e te r ch arac te ris in g  th e  fac to rs  contro l th e  sp a tia l 
segregation  of species in  a sm alle r a rea” . I ts  v a lu e  depends on th e  size o f th e  in d iv id u a ls  
and on th e  size o f clum ps or te rr i to rie s . “ A” is th e  m easure  of specific d iv e rs ity , th a t  is th e  
expected  n u m b er o f species in  th e  ch arac te ris tic s  a rea , C [C =  (e — 1)E , w here e is th e  base  
o f th e  n a tu ra l lo g arith m ]. T he p a ra m e te r  A equals to  In [T/(T — A)], w here T  is th e  m ax im um  
n u m b er of species in a delim ited  co m m unity . S ap p ro ach es T as th e  p lo t size increases. The
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d e ta ile d  m eaning and  th e  ecological significance o f th e m  are d e ta iled  in  his p a p e r (K oba- 
y a s h i 1979).

H is tw o  m odels — to  a c e r ta in  degree — can  be considered  eq u iv a len t to  s tu d ies  over 
g eo g raph ica l areas an d /o r w ith in  a co m m u n ity . M ost o f th e  p rev io u s fu n c tio n s (e.g ., A r r h e ­
n iu s ’ cu rve, Gleaso n ’s c u rv e , K il b u r n ’s “ pow er fu n c tio n ” , e tc .)  a re  derived fro m  or 
a d a p te d  to  his m odels. H o w ev er, th e  “ ecological significance”  of th e  p a ram e te rs  o f his m odels 
does n o t seem  in te rp re ta b le  in  ev ery  case.

D e tailed  review  o f th e  spec ies-area  p ro b lem  (h isto rical a spects, purposes, a p p licab ility  
fo r th e  m in im um  a rea  a p p ro a c h  as w ell as s ta tis t ic s  and  re la te d  to p ics) can  be fo u n d  in  th e  
p a p e rs  o f K il b u r n  (1966), T ü x e n  (1970, c it. in  P o d a n i 1984), Co n n o r  and  McCoy  (1979) 
a n d  P o d a n i (1984).

2.1.2. In  th is  s tu d y  th e  change o f S; in  re la tio n  to  Aj  w as in v es tig a te d  over tw o  area 
in te rv a ls ;

a) f ro m  A j to  A u  (100-25 600 cm 2), d en o ted  b y  I p

b) fro m  A t to  A T (100-480 000 cm 2), d en o ted  by  I 2.

T h e  o bserved  Sj  v a lu es a re  rep re se n ted  in  F igu res 1-7  b y  do ts . T he b e h av io u r o f zlS 
( IS =  S +, — Sj) w as also in v e s tig a te d  (F igs 1 -2).

Several functions w ere a tte m p te d  to  f i t  to  th e  S,- va lues in  b o th  cases. V alues o f th e  
f i t te d  curves as well as th e  com m on  or o rig ina l fo rm ulae  are fo und  in T ab le  1.

On th e  whole le n g th  o f  a n d  I 2 th e  pow er fu n c tio n  (F igs 1 an d  3) and  th e  Gle a so n ’s 
cu rv e  (F igs 2 and 4) could  be  f i tte d .

H av in g  a closer look  a t  th e  f i t te d  Glea so n ’s curves an d  th e  o rig inal Sj  v a lues, som e 
ten d e n cy  in  th e  po sitio n  of th e  p o in ts  re la tiv e  to  th e  curves can  be recognized. On th e  basis 
o f th is  phenom enon, Sj  v a lu e s  can  be  se p a ra ted  in to  tw o sets, a n d  th ere fo re  th e  in te rv a ls  

a n d  I ,  can  also be d jv id ed  in to  tw o  p a r ts . T hese  subsets an d  su b in te rv a ls  are Sj-Sg (A j-A ^), 
S 7—S 11 (A .-A u ) and  S 7- S T (A .-A T), d en o ted  b y  I 1(, I 12 and  I 22 respec tive ly . (N o te  th a t  
I[  =  I u  I 12 and  I u  =  I 2l.) T hese  subsets o f Sj  will be tre a te d  sep ara te ly .

Considering th e  cu rv e  o f ASy v ersus Aj  (F ig s 1 and  2) tw o local m in im a  can  be d e te c te d , 
b e tw een  A 6 and  A 7, an d  b e tw een  À 9 an d  A I0.

A(cm2)

Fig. 1. C hange of Sj  over p lo t size in  in te rv a l I t [do ts re p re sen t th e  observed Sj  va lues, 
solid  line is th e  f i tte d  p ow er fu n c tio n  (S =  1 .394X °'1CI1), dashed  line is th e  f irs t d e riv a te  of 

th e  pow er fu n c tio n , p o in ted  line reflects th e  change of AS]
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I n  I u  the logistic  fu n c tio n  (Figs 5 a n d  6) and K o ba y a sh i’s fu n c tio n  fo r a delim ited  
c o m m u n ity  (Fig. 7) gave  th e  b es t (and a lm o s t th e  sam e) f it. T h e  f i t  o f th e  Glea so n ’s curve 
w as looser (Table 1). T h e  v a lu es of the  p a ra m e te rs  of th e  la t te r  cu rv e  a re  v e ry  sim ilar to  th e  
re su lts  o f a previous s tu d y  (a =  2.295, b =  0.689, F  =  482.3 in  N ő se k  1976).

S AS

^ ( A - 10-2)

F ig. 2. T he fitted  Gl e a s o n ’s curve in  in te rv a l  I t (S =  2.583 -J- 0 .581X , p o in ted  line as in
F ig . 1)

Fig. 3. T h e  f i t te d  power fu n c tio n  in in te rv al I ,  (S =  1 .760X 0*136)

S

& 1a-iA

Fig. 4. The f i t te d  Gleason’s c u rv e  in  in te rv a l I 2 (S =  2.518 -(- 0 .599X )
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In  I 12 th ree  fu n c tio n s cou ld  be  f i tte d . The b est f i t  w as re su lte d  using  th e  exponential 
c u rv e  (F ig . 5). The f i t  o f K o b a y a sh i’s op en “  h a b ita t”  fu n c tio n  w as also s ign ifican t a t  th e  
lev e l o f 0 .1% , b u t th e  F -v a lu e  of th e  f i t t in g  is lower.

5

F ig . 5. T he f itted  logistic  cu rv e  in  I n  [S =  6.24/(1 +  1.644e“ °'ll9lX), solid  line] and  th e  f itte d  
e x p o n en tia l cu rv e  in  I 12 (S =  3.498e°'09X, d ash ed  line)

S

F ig . 6. T he f itte d  logistic  cu rv e  in  I 22 [S =  22.05/(1 -f- 5.634e_0 '125X), th e  solid line is th e
sam e as in  Fig. 5]

S

Fig. 7. T he fitted  K o b a y a s h i ’s fu n c tio n  in  I u  {S =  7.104/[( 1 -  (1 X /46 .45) ° '348)]} and
in I 12 (S -  0.826 ln (1 +  X /4.317)]
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Table 1

The various functions f i t te d  to the S  versus A  relationship 
Scale o f th e  x-ax is: (1) =  arithm etic  scale, X  =  A in  cm 2, (2) =  logarithm ic scale, X  =  log., 
(A/100). Significance levels: *** =  0 .1% , ** =  1.0% . a corresponds to  A in  th e  com m on form  

of logistic function , 0 and  0  correspond to  T  and A, respectively  in  K o b a y a s h i ’s functions

A!
In te rval Common form

F itted  w ith 
function param eters

Value 
of F -test

Scale
of X-
axis

A p A jj Y =  a  +  6 log X S = 2.583 +  0.581X 1135.8*** (2 )
Y - flX" S = 1.394X0'1 * S*6 234.6*** ( 1)

Aj-A-p Y =  0  +  6 log X S = 2.518 +  0.599X 1961.0*** (2 )
Y и a X о- S = 1.760X0'136 251.3*** (1)

А г-А 6 Y a / [ l  +  (ae cX)] s  = 6.24/11 +  (l-644c“ ° '49lX)] 1378.0*** (2 )
Y =  0/11 -  (1 +  X /E )-o ] s = 7.104Д1 -  (1 +  X /4 6 .4 5 )-0 '348] 1362.5*** (1)
Y =  a +  b log X s = 2.490 +  0.632X 310.4 (2 )

A j-A j, Y = aX* s  = 2.113X°'587 107.3** (2 )
Y =  aecX s  = 3.498e°-°9X 329.0*** (2 )
Y =  Л In (1 +  X /E ) s  = 0.826 In (1 +  X /4 .317) 167.5*** ( 1)

A ,-A T Y a / [ l  +  (a e _cX)] s = 22.05Д1 +  (5 .6 3 4 e -° 125X)] 993.7*** (2 )

In  122, re g a rd in g  th e  significance of fittin g , only th e  logistic  curve w as accep tab le  
(F ig . 6 ).

W h ich  is th e  “ b e s t m odel” ? G oodall s ta te s: “ A  decision  be tw een  th e  tw o  p roposed  
form s of th e  sp ec ies-area  curve c an n o t be  m ade  on a p rio ri g ro u n d s, b u t  m u s t re s t  on  o b se r­
v a tio n a l d a ta ”  (c it. in  C o n n o r  and  M c C o y  1979). On th e  b asis o f th e  F -te s t  we can  choose 
th e  G l e a s o n ’s cu rv e  in  b o th  I t and  I 2. B u t  we m u st n o t re ly  on ly  on th e  significance of th e  
f i t  and  neg lect th e  sm all “ d isc rep an cy ”  betw een  th e  p o in ts  a n d  th e  f i t te d  cu rve, because  
th is  can  have  an  im p o r ta n t  m eaning. Do n o t fo rget th a t  in th e  to ta l  I t and  I 2 n e ith e r K o b a ­

y a s h i ’s fu n c tio n s, n o r  th e  logistic cu rv e  cou ld  be f itte d .
T he A S  v a lu e s , a f te r  th e  in itia l in crease , decrease fro m  A 3 to  A 6. T h en  an  increase  

begins again , w ith  a  local decrease a f te r  A 9. These tw o o rd in a te s  on th e  x -ax is co rresp o n d  
to  th e  p lo t sizes b e tw ee n  1600 and  3200 cm 2 as well as b e tw een  10 000 and  12 800 cm 2. T he
S va lues be long ing  to  th ese  areas are a b o u t  5 and 6 .

T he good f i t  o f th e  logistic and  K o b a y a s h i ’s d e lim ited  cu rve  in I u  show s a d e lim ited  
co m m u n ity  c h a ra c te r , as if  it were a “ su b co m m u n ity ”  w ith in  th e  Festucetum  vaginatae danu- 
biale, w ith  a  m ax im u m  (sa tu ra tio n  level) species n u m b er o f 6 an d  7, respec tive ly . R eg ard in g  
th e  I 12 in te rv a l, th e  f i t te d  curves su g g est an  open ch a ra c te r. In v o lv in g  A T, too  in  th e  I 22 
in te rv a l th e  log istic  cu rv e  had  th e  b e s t f i t  w ith  a sa tu ra tio n  leve l o f 22 species. T h a t  is th e  
ten d e n cy  of th e  in crease  in  species n u m b e r w ith  th e  p lo t size also refer to  a d e lim ited  c h a r­
ac ter. I t  is to  be n o te d  th a t  th e  curves o f th e  power function  fo r +  an d  I 2 also show a f la tten in g .

PÓCS (1954) p u b lish ed  th e  species-area  curve d raw n  on  th e  basis of his in v es tig a tio n s  
carried  o u t in  a n o th e r  s ta n d  (a t R ák o sk e resz tú r, a t  th e  fringe  of B u d ap est) o f th is  com ­
m u n ity . H is cu rve  — regard ing  th e  sh a p e  of i t  — m u st be o f th e  ty p e  of p ow er-function , 
and  f la tte n s  a t  a b o u t  40 m 2 w ith  a species n u m b er a b o u t 25. I n  a th ird  occurrence (in  Szent-
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e n d re -Is la n d ) of Festucetum  vaginatae danubiale th e  av erage  species n u m b er w as found  on the  
b asis  o f p lo ts of 25 m2, to  be  24.67 (P r é c s é n y i 1981).

F e k e t e  and  K ovács p re se n t species-area cu rves for th e  open (Seseleo-Festucetum  
p a llen tis )  and  for th e  closed ( Festuco p a llen ti-B ro m etu m  pannonicae) do lom itic  ro ck y  grass­
la n d  ( F e k e t e  and K ovács 1978). As th e  a u th o rs  w rite : “ . . . th e  san d y  m eadow ”  (i.e. Festuce­
tu m  vaginatae danubiale) “ is a  v ica rio u s p a ir  in th e  P la in  o f th e  co m m u n ity  ex am ined  by  us 
(espec ia lly , of th e  open g ra ss la n d )” . H aving  f i t te d  th e  pow er fu n c tio n  an d  th e  Gleaso n ’s 
c u rv e  on  th e  published d a ta ,  fo r th e  open rocky  g rasslan d  th e  la tte r ,  for th e  closed rocky 
g ra ss la n d  the  form er gave b e t t e r  f i t ,  regard ing  th e  v a lv es o f th e  F -te s t, a lth o g h  th e  f i t  of the  
G l e a s o n ’s curve to th e  d a te  o f th e  closed grassland  was also sign ifican t a t  th e  level o f p <  0.001. 
T h e  r a te  of the  increase in  spec ies n u m b er of th e  open  ro ck y  g rassland  w as closer to  th a t  of 
th e  san d y  m eadow th a n  th e  r a te  in th e  closed ro ck y  g rasslan d  (“ b ” va lues o f  th e  Gleason’s 
c u rv e ; 0.581; 0.782 and  1.837 fo r sa n d y  m eadow , open  a n d  closed rocky  g rasslan d , respectively .

T he ra tes of increase  in  species nu m b er w ith  th e  p lo t size (cf. “ b ” va lues o f th e  Gleason’s 
cu rv e  in  Table 1) are a lm o st e q u a l for and I 2 on  th e  basis o f th e  Gle a so n ’s curves. The 
correspond ing  values o f th e  lo g is tic  fu n c tio n  (“ c”  in T ab le  1) are d iffe ren t fo r I n  an d  I 22 and 
in d ic a te  a more rap id  in crease  in  I u  th a n  in  I 22.

These results su g g est t h a t  th e  increase in species n u m b er w ith  p lo t size tak es  place 
in  tw o  steps. F irst the  in crease  is ra p id  and  ten d s to  an  a rea  sligh tly  g rea te r th a n  th e  40 X 40 cm 
p lo t. T h is is due to  th e  p re d o m in a n t and  d o m in a n t species ( Festuca vaginata , Th ym u s  sp., 
F u m a n a  procumbens, M edicago m in im a  and  Carex stenophylla). In  th e  second step  ( I 22) the  
f i r s t  increase  is due to  Festuca w agneri, w hereas th e  second to  th e  rem ain ing  species (Cynodon 
dactylon , Plantago indica  a n d  Centaurea arenaria).

2.1.3. To de term ine  th e  m in im u m  area  o f a c o m m u n ity  several m eth o d s are  applied , 
u su a lly  w ith  little  success. T h e  m a jo rity  of th e  m eth o d s are based  on th e  f la tte n in g  phase, 
o r c e r ta in  slope values o f th e  f i t te d  curves. K il b u r n  (1966) suggested  th e  f i r s t  d eriva te  of 
his “ pow er function”  to  choose a n  “ ap p ro p ria te  slope v a lu e ”  for d e term in ing  th e  m in im um  area, 
b u t  th is  procedure is q u ite  a rb itra ry .

In  Fig. 1 the  d ash ed  lin e  rep resen ts th e  f ir s t  d e riv a te  of th e  f i t te d  pow er function  
(S =  1.394 A°'16ß). The in te rc e p t  o f th e  original an d  f irs t  d e riv a te  curves is be tw een  the  area 
o f A 5 and  A 6. This re su lt seem s to  be in good ag reem en t w ith  th e  position  of th e  end of I u , 
b u t  th e  place of th is in te rc e p t  d epends on th e  scale o f dS/dA . T hus, th is  a p p ro ac h  is also 
sen sitiv e  to  a rb itra ry  decisions.

2.2 . D om inance-d ivers ity  curves

Analyses of th e  d o m in an ce-d iv e rs ity  curves u su a lly  have  in  view to  m ake  conclusions 
on  n iche  pa rtitio n in g  in  a c o m m u n ity  (W h it t a k e r  1965). A lthough  m o st s tu d ies  com pare 
sev e ra l com m unities o r s tag es  o f  a  successional series, in th is  c o n tex t i t  m ay  be in te res tin g  
w h e th e r  on the  basis of successively  increased  p lo ts  th e  sam e conclusion cou ld  be d raw n for 
a  single com m unity .

T he d o m in ance-d iversity  curves for all p lo t sizes are show n in Fig. 8 .
T he shape of every  cu rv e  ap p ro x im ates th e  log istic  one. In  th e  above m en tio n ed  stu d y  

P r é c s é n y i (1981) found  also th e  d o m in an ce-d iv ers ity  curve app ro ach in g  th e  sigm oid form . 
A single species is p re d o m in a n t ( Festuca vaginata), fo u r are  su b o rd in a te  (T h ym u s  sp ., Fum ana  
procum bens , Medicago m in im a  a n d  Carex stenophylla) an d  o th er four are ra re  ( Festuca w agneri, 
C ynodon dactylon, Plantago in d ica  an d  Centaurea arenaria).

T he upper p a r t  o f th e  cu rv es reflecting  th e  p re d o m in an t and su b o rd in a te  species is 
v e ry  sim ilar, and suggests t h a t  th e  niche p a rtitio n in g  of these  species p rove  th e  sam e reg ard ­
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ing all th e  p lo t sizes. H o w ev er, th e  ran k  o rd e r o f th ese  species is n o t th e  sam e for all Ay-s 
(Table 2). T he f irs t , o r m o st successful species is th e  g enera list Festuca vaginata  in every  case 
occupying a la rg e r p a r t  o f th e  niche space (cf. P r e c s e n y i  1981). T he second m ost successful 
species is T h ym u s  sp . S ta r tin g  from  A3 a lm o st ev ery  p lo t size M edicago  is th e  th ird , Carex 
is th e  fo u rth  an d  F u m a n a  is th e  fifth . T his is in  good ag reem en t w ith  th e  conclusions o f an  
earlier series o f in v es tig a tio n s  on th e  niche s tru c tu re  o f th is  co m m u n ity  ( F e k e t e  et al. 1976, 
P r É C S É n y i  e t al. 1977a, 1977b, 1980). In  th ese  in v es tig a tio n s  Festuca vaginata , T h ym u s  sp .,

Fig. 8. D o m in an ce-d iv e rsity  curves of th e  se p a ra te  Ay-s (jf =  1, . . ., 11, from  left to  r ig h t) . 
T he u p p e rm o st end of each  curve rep resen t th e  f ir s t  species o f  th e  ran k o rd e r (here Festuca

vaginata)

M edicago m in im a  an d  Carex stenophylla  p ro v e d  to  be  g en era lis t ( th e  genera list c h a ra c te r  
decreased  from  Festuca  to  Carex) and F u m a n a  procum bens w as found  to  be a spec ia lis t.

T he f irs t  six  species are  p resen t in  ev ery  seasonal a sp e c t o f th e  com m unity . Festuca  
wagneri is in  ev ery  case a t  th e  six th  p lace, in d ic a tin g  i ts  t ra n s it io n a l  position  be tw een  th e  
d o m in an t an d  ra re  species regard ing  the  d o m inance  an d  d en sity  re la tio n s . On the  basis o f th is  
stab le  s ix th  place we m a y  suppose th a t  Festuca wagneri is h av in g  th e  m ost specialist c h a ra c te r  
am ong th e  “ all-season p re se n t”  species. (The above m en tio n ed  stud ies did n o t include F . 
wagneri.) B u t we m u st n o t  fo rget, the  d o m in an ce-d iv ers ity  cu rv es —  and  th e  niche p a r ti t io n -

Table 2

The rank  order o f the species in  the dominance-diversity curves

Rank
numbe:

P lo t size

Г A, a 2 A, A, A5 A. A, A, A8 A,„ Au

l Fe Fe Fe Fe Fe Fe Fe Fe Fe Fe Fe

2 Th Th Th Th Th Th Th Ca M e Th Me

3 F u F u M e Me M e M e M e M e Th M e Th

4 M e M e Ca Fu Ca Ca Ca Th Ca Ca Ca

5 Ca Ca F u Ca F u F u F u F u F u F u F u

6 Fw F w Fw Fw Fw Fw Fw F w Fw Fw Fw

7 — Cy Ce Ce Ce Ce Cy Cy p i Cy Cy
8 — Ce PI PI PI Cy Ce PI Ce Ce PI

9 - — Cy Cy Cy PI PI Ce Cy PI Ce
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in g  in d ica ted  b y  th e m  — дее. based here on  th e  a b u n d an ce  re la tions, so Festuca wagneri seem s 
to  be  a specialist o n ly  on  th is  basis and  on ly  in  th is  com m unity . In  th e  n e x t  s tage  o f th e  su c ­
cession  series —  w here  F . wagneri is th e  d o m in a n t species —  i t  will p ro o v e  —• w ith o u t a n y  
d o u b t —  to  be a genera lis t.

E x am in in g  th e  te rm in a l p a r t  o f th e  cu rv es, th e  ra re  species, th e re  a re  differences in 
b o th  shape  an d  r a n k  o rd e r. These th ree  species occur in  th e  a u tu m n  a sp e c t, ra th e r  th a n  in 
sp rin g  or sum m er so in  th e  tim e of sam p lin g  th e  in d iv iduals were n o t  to ta l ly  developed , 
o r n o t  all p re sen t, so re liab le  conclusions c a n n o t b e  d ra w n  on th e  niche p a r ti t io n in g  am ong th em .

2.3 . F req u en cy  an d  re la tiv e  freq u en cy  o f  species

2.3.1. F re q u e n cy  o f species w ill be  u se d  here  in  th e  tra d it io n a l  p h y tosocio log ica l 
sense  (cf. 1.4.).

Several a u th o rs  agree  th a t  freq u en cy  d ep en d s  on  p lo t size a n d  th e  sp a tia l  p a t te rn  of 
species. I t  is also k n o w n  t h a t  w ith  in creas in g  p lo t  size th e  frequency  o f d o m in a n t species o f 
g re a t d en sity  increases m ore rap id ly  th a n  th a t  o f  th e  ra re  ones (e.g., W e a v e r  an d  Cle m e n t s  
1938, Cu r tis  and  M cI n t o sh  1950, Gr e ig h -Sm it h  1964, etc.).

Table 3

The frequency o f  species at increasing plot sizes

A, a2 A, A, As A, a7 A, A, Aio Ац

Fe 65.6 73.3 90.0 96.1 99.4 100.0 100.0 100.0 100.0 100.0 100.0
Th 53.9 68.3 73.9 90.0 94.4 98.3 98.3 99.4 100.0 100.0 100.0

F u 43.9 57.8 69.4 85.6 93.3 97.8 97.8 97.8 98.9 100.0 100.0

M e 36.7 50.6 68.3 77.8 87.2 93.3 93.9 92.8 98.9 100.0 100.0

Ca 32.2 41.7 68.9 71.7 87.8 92.2 94.4 98.9 99.4 100.0 100.0

Fw 4.44 9.44 13.9 17.8 28.3 42.8 50.6 63.9 81.1 83.3 100.0

Cy — 2.78 1.67 2.78 3.89 12.2 11.7 13.9 23.9 32.2 56.1

P I — — 2.22 2.22 2.78 3.33 5.56 11.7 15.0 10.6 26.1

Ce — 2.22 5.00 6.11 8.33 12.2 11.7 16.7 19.4 25.0 33.3

Fig. 9. T he logistic cu rves f i t te d  to  th e  frequency  d a ta
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Table 4

The parameters o f logistic curves f i t te d  to the frequency values 
o f  the d ifferent species

(f„ calc =  L /[(l +  a e _cX)], X  =  log2 (A/100)

L a C Value of F-test

Fe 101.2 0.598 —0.706 147.2***

Th 102.4 0.924 - 0 .5 6 5 266.5***

F u 101.9 1.409 - 0 .6 3 2 574.4***

M e 101.0 1.742 —0.601 800.0***

Ca 101.9 2.303 - 0 .6 3 7 249.5***

F w 100.0 35.79 —0.784 64.8***

Cy 100.0 148.4 —0.586 76.9***

PI 100.0 183.1 —0.481 50.9***

Ce 100.0 55.36 —0.405 446.9***

Significance level: *** =  0 .1%

Table 5

M inim um  plot sizes needed to reach 
a frequency o f  50°/o and 90°/o on the basis 

o f  the f it te d  curves
(The upper values are the area in cm 2, 

the lower ones are the corresponding Ay-s, 
if  they  exist)

Frequency

50% 90%

Fe 58.97 466.9
-A r A3-A 4

Th 85.7 1 032.4
- A t A4-A 5

F u 139.8 1 339.4
A |-A j a 4- a 5

M e 185.5 2 142.7
Ai A-2 A5-A 6

Ca 238.0 2 239.5
Аз-Аз A-s- A6

Fw 2 363.7 16 487.0
As_A 6 Aio- А 1Х

Cy 3.7 х Ю 1 4 9 .7 Х Ю 4

PI 18.2 X 1 0 * 4 31 .8x10*

Ce 9 .6 x 1 0 * 413 .2x10*
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2.3.2. As th e  m a x im u m  freq u en cy  fo r a g iven  species can n o t be  m ore th a n  100% , 
i t  seem ed to  be w o r th  try in g  to  f i t  som e th e o re tic a l curves hav ing  a n  u p p e r  lim it to  th e  
o b se rv ed  freq u en cy -area  cu rves. On th e  basis o f th e  a c tu a l  d a ta  (Table 3) th e  log istic  fu n c tio n  
p ro v e d  th e  b es t fo r all species (F ig . 9).

R egard ing  th e  p o sitio n  of th e  cu rves th e  species can  be dev ided  in to  th re e  g ro u p s 
re fle c tin g  th e  dom inance  s tru c tu re  o f th e  co m m u n ity  (cf. 2.2.).

T h e  p a ram e te rs  o f th e  f i t te d  curves a re  g iven  in  T ab le  4. In  th e  ra te  o f th e  freq u en cy  
in crease  (“ c”  in T ab le  4) th e re  a re  no s ign ifican t d ifferences am ong th e  p re d o m in an t, su b ­
o rd in a te  and  ra re  species. T h e  d ifferences in  den sitie s  a re  b e tte r  re flec ted  b y  va lues o f “ a ” .

T h e  f i t te d  cu rves enab le  us to  d e te rm in e  th e  p lo t size belonging to  a g iven freq u en cy  
v a lu e . T he calcu la ted  v a lu es fo r 5 0 %  and  90%  are  g iv en  in  T able  5.

2.3.3. In  F ig . 10 a re  d ep ic ted  th e  changes o f re la tiv e  frequencies. T he th ree  g ro u p s, 
se p a ra te d  a lread y  in  th e  p rev io u s re su lts , can  also be  recognized here.

A fte r  C u r t i s  a n d  M c I n t o s h  (1950), th e  re la tiv e  frequencies te n d  to  a p p ro ac h  th e  
v a lu e  o f 100/S (S is th e  n u m b er o f species) as p lo t size increases. In  th is  co m m u n ity , on  th e  
b asis  o f th e  f i tte d  freq u en cy  cu rves, 100/S could be o b ta in e d  a t  a  p lo t size o f a b o u t 1500 m 2.

I f  we reg ard  on ly  th e  d o m in a n t five species, th e  case of equal re la tiv e  frequencies is 
re ac h ed  be tw een  A g a n d  A 9. In v o lv in g  Festuca wagneri, to o  th is  s itu a tio n  is o b ta in ed  be tw een  
A 10 a n d  A n . This fa c t suggests t h a t  reg ard in g  th e  f i r s t  six  species ( th e  so-called  “ all-season  
p re s e n t”  species) th e  c o m m u n ity  is hom ogeneous ( C u r t i s  an d  M c I n t o s h  1950).

2 .4 . N u m b er of in d iv id u a ls , abso lu te  an d  re la tiv e  densities

2.4.1. T here  are  s tro n g  p o sitiv e  lin ea r co rre la tio n s be tw een  and  A j as well as b e tw een  
N j  a n d  A j  in b o th  I j  a n d  I 2. T he co rresponding  v a lu e s  fo r I t are in  T ab le  6. (The v a lu es for 
12 a re  n o t  in d ica ted  b ecause  th e  co rre la tio n s a re  ev en  s tro n g e r and  th e re  is no  F -v a lu e  low er 
t h a n  104.)

d[ %
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T he b, v a lu es o f th e  lin ea r curves also re fle c t th e  d o m in an ce  s tru c tu re  d e m o n s tra ted  
b y  th e  do m in an ce-d iv ers ity  curves and  freq u en cy  va lues.

T he p e rcen tag e  differences betw een  th e  o bserved  a n d  c a lcu la ted  n(- va lues based  
on  A 9 are:

Festuca vaginata : -  2.5,
T h ym us  sp.: -  3.5,
F um ana  procumbens : 7.8,
Medicago m in im a  : — 4.2,
Car ex stenophylla : — 2.7,
Festuca wagneri: — 15.3,
Cynodon dactylon: +  67.3,
Plantago indie a: — 12.9,
Centaurea arenaria: — 16.3 an d

Nr 3.3.

(N eg ativ e  v a lu es in d ica te  u n d e res tim a tes  o f th e  o b se rv ed  density .)

Table 6

The correlation and linear regression coefficients 
between the n (-, N  and  A  values

Species
Coefficients

V alue o f F -test
a b Г

Fe 1.646 50.14 0.9945 18 128.0***

Th 1.569 29.22 0.9991 4 957.0***

F u 0.987 22 .22 0.9996 11 209.0***

M e 0.529 31.81 0.9993 6  654.0***

Ca 0.260 28.71 0.9994 15 088.0***

Fiv 0.094 2.161 0.9979 2 155.0***

Cy - 0 .0 6 6 0.651 0.9806 199.8***

PI -0 .0 0 5 7 0.358 0.9765 143.6***

Ce 0.046 0.340 0.9955 879.2***

N 4.808 166.0 0.9998 26 647.0***

Significance level: *** =  0 .1%

2.4.2. T he ab so lu te  d en sity  values show  decrease  w ith  p lo t size (F ig . 11). In  th e  f ig u re  
th e re  a re  also in d ic a te d  th e  confidence lim its (95 a n d  99% ) c a lcu la te d  on th e  basis o f th e  
d /9 va lues (see also T ab le  7).

T he d e n s ity  v a lu es o f th e  ra re  species are a lm o st w ith in  th e  confidence lim its a t  e v e ry  
p lo t size, b u t  th e  v a lu es o f th e  confidence  in te rv a ls , as p e rcen tag e  o f  th e  corresponding m ean s 
are  v e ry  h igh  (C ynodon: + 1 5 9 .6 % , Plantago: + 2 0 4 .0 %  an d  C entaurea: + 1 6 7 .0 % ). T hese  
va lues fo r th e  o th e r  species are : F e:  + 1 1 .8 % , T h :  ± 2 8 .6 % , F u :  + 2 5 .3 % , M e: + 3 9 .4 % , 
Ca: + 3 5 .0 % , an d  F w :  + 5 7 .3 % .

T he v a lu es o f d ,x  enab le  u s  to  calcu la te  a m ore  n a rrow  in te rv a l  un ifo rm  for all species. 
Two in te rv a ls , + 1 0 %  an d  + 5 %  of d,T (called “ to le ran ce  in te rv a ls” ), w ere calculated .
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F ig . 11. Change of ab so lu te  d en sity  v a lu es over p lo t size. (The solid lines re p re sen t th e  9 9% , 
th e  dashed  th e  95%  confidence lim its)

F ig . 12. Curves o f th e  re la tiv e  d en sity  va lues o f th e  d ifferent species (d a sh ed  lines re p re se n t
th e  d(T v a lu e )
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Table 7

The values o f  the various confidence and tolerance intervals 
fo r  the d /, N  and  S values

Species

Confidence intervals

99% «5%

±M /“up. Mw. ±n /“up. Mlw.

Fe 8.62 60.02 42.78 6.1 57.5 45.3
Th 12.26 42.56 18.04 8.67 38.97 21.63

Fu 8.62 32.72 15.48 6.1 30.2 18.0

Me 18.48 51.68 14.73 13.07 46.27 20.13

Ca 14.6 44.10 14.90 10.33 39.83 19.17

Fw 2.06 4.61 0.49 1.46 4.00 1.09

Cy 0 .8 8 1.27 - 0 .4 9 0.62 1.01 - 0 .2 3

PI 1.206 1.62 - 0 .7 9 0.84 1.25 - 0 .4 3

Ce 0.964 1.37 - 0 .5 6 0.68 1.08 - 0 .2 7

N 30.7 202.5 140.9 21.76 193.5 149.9

S 0.819 7.36 5.72 0.579 7.12 5.96

Tolerance intervals

Species 10% 5%

± 4 *7up. Vlw. ±4 *7up. t?lw.

Fe 5.25 57.75 47.25 2.63 55.13 49.87
Th 3.14 34.54 28.26 1.57 32.97 29.83

Fu 2.26 24.86 20.24 1.13 23.73 21.47
M e 3.54 38.94 31.86 1.77 37.17 33.63
Ca 3.16 43.76 28.44 1.58 33.18 30.02

Fw 0 .2 1 2.31 1.89 0.105 2.21 2 .0 0

Cy 0.048 0.527 0.431 0.024 0.503 0.455

PI 0.035 0.389 0.319 0.018 0.372 0.336

Ce 0.050 0.550 0.450 0.025 0.525 0.475

N 17.7 194.6 159.2 8.85 185.7 168.1

S 1 .0 11.0 9.0 0.5 10.5 9.5

T he p lo t sizes fo r w hich  d ensity  v a lu e s  lie w ith in  th e  d iffe ren t confidence an d  to lerance 
in te rv a ls  are found in T ab le  8 . The n a rro w e r th e  in te rvals th e  g re a te r  is th e  p lo t size needed 
to  e s tim a te  th e  real d e n s ity  o f a species w i th  a  given accuracy. I f  we are sa tis fied  w ith  an  ac­
c u rac y  of 1 0 %  the m in im u m  p lo t size n e ed e d  to  estim ate  th e  ab so lu te  d en sity  o f  th e  d o m inan t 
species varies from  3200 to  6400 cm2. F o r N  th is  m inim um  p lo t size w as given in  ev ery  to lerance 
in te rv a l to  3200 cm2.

T here  was no single p lo t size from  w h ich  th e  num ber of species could  be e s tim a te d  w ith  
th e  g iv en  accuracy.
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Table 8

Plot sizes fa lling  between the upper and lower lim it o f  the intervals in  Table 7

Confidence in terval Tolerance in terval
S p e c i e s -----------------------------*----------------------  ----------- -------------- -----------------------

99% 95% 10% 5%

Fe A6-A T A,., A8-A x Ae> A8-A x Аб_А и
Th a 5- a t A ß-A T ^9“ ^10 ^ 6“ A-ll
Fu A5-A t A5-A x А ю -А ц A8—A n

Me A.,-AT A4-A x a 4, A ,-A s A4, A „ A ,-A ;

Ca A3-A T A4-A x A4,A 4 A4, Aj , A ,-A ;

Fu- A3-A T A4-A x Aio_A n ^ 8’ -A-10’ ^11

Cy A3-A T A 3- A x •A-6* A 10 A5- A 7, A 10

PI A3—AT A 3-A x - A n
Ce A2, A4—Ay A4-A x - A ,
N A6-A T A6-A x Ag- A i 0 ^G_^11

S A„ a 9 — —

2.4.3. The re la tiv e  d e n s i ty  o f a species is th e  p ro b a b ili ty  o f th e  ra n d o m  encounter 
w ith  one ind iv idual of t h a t  sp ec ies. F ig u re  12 shows th e  change of re la tiv e  d ensities in th e  func­
t io n  o f p lo t size. In  case o f th e  d o m in a n t species a ten d en cy  could  be  d e te c te d  in  th is  change 
to  a p p ro a c h  th e  re la tive  d e n s ity  a t  A x. T he values o f th e  ra re  species p ro v ed  to  be flu c tu a tin g  
a n d  in d ep e n d en t of p lo t size.

Summary

T he Festucetum vaginatae danubiale co m m u n ity  is a sem i-closed sandy  
g ra ss lan d . Of the  v a sc u la r  p la n t  species one is p red o m in an t and  four are sub ­
o rd in a te . Am ong th e  ra re  species Festuca wagneri w as th e  “ m ost d o m in an t” . 
T h is  dom inance s tru c tu re  o f th re e  groups was re flec ted  well in  th e  results.

F o r th e  d o m in an t f iv e  species a p lo t size b e tw een  1600 an d  3200 cm2 
p ro v e d  large enough to  e s tim a te  several pa ram ete rs .

Inc lud ing  Festuca w agneri in  th is group th e  p lo t size neceessary  to  the  
re liab le  estim ate  increases to  ab o u t 1 m2.

F o r the  rare species re liab le  estim ates could n o t be o b ta in ed  even on th e  
basis  o f the  largest ( ~ 2 .5  m 2) p lo t.

T he position of F estuca  wagneri betw een  th e  d o m in an t an d  ra re  species 
is r a th e r  in teresting . T h e  n e x t stage of the  successional series on calciferous 
s a n d y  soil betw een th e  D a n u b e  an d  Tisza rivers follow ing Festucetum  vaginatae 
danubiale  is the a sso c ia tio n  Festucetum strictae ( Festucetum  stricta --- F. wag­
neri) (P ócs 1954, P k é c s é n y i  1981, F e k e t e  pers. com m .). T he re su lt suggest 
t h a t  Festuca wagneri — th e  m ost successful species in  its  ow n association — 
a p p e a rs  as a pioneer in v a d e r  in  th e  previous stage  o f th e  successional series.
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F or ce rta in  ch a rac teris tic s  o f th e  whole c o m m u n ity  (e.g., dom inance  
s tru c tu re , n iche p a rtitio n in g , to ta l  n u m b er of in d iv id u a ls , liv ing p h y to m ass  
(cf. Mo lnár  and  N ő se k  1979), e tc . conclusions could  be d raw n from  a p lo t 
size of ab o u t 3200 cm 2. T he n u m b er o f species is an  obvious exception .

I t  is clear th a t  th e  ex ten t o f th e  functional responses (e.g. p ro d u c tio n , 
flow s of energy or m a tte r , am o u n t o f accum ulated  elem ents, etc.) depend  on 
th e  species form ing  considerab le sh are  of the  co m m u n ity  th a t  is on th e  d o m i­
n a n t  species. T he so-called ra re  species — especially  i f  th e y  are in  m in o rity  
reg ard in g  th e ir  m ass — due to  th e ir  su b o rd in a ted  role do no t a lte r s ig n ifican t 
th e  functional responses. I t  is also clear th a t  th e  m in im al p lo t size n ecessary  
to  e s tim a te  th e  fu n c tio n a l ch a rac te ris tic s  of a co m m u n ity  is d ifferen t from  
th a t  of ch a rac te ris tic  areas re flec tin g  som e im p o rta n t p ro p e rty  of th e  v e g e ta ­
tio n  e.g. m ax im um  resem blance of p lo ts , the  m ax im u m  of flo ru la  d iv e rs ity , 
e tc . (cf. J u h ász-N ag y  and P o d a n i 1983). In  the  fo rm er case we w a n t to  
e s tim a te  certa in  ch a rac teris tic s  w ith  a p red e te rm in ed  accuracy .

T h ink ing  over these  fac t we com e to  the  conclusion  th a t  th e  p lo t size 
su ffic ien t to  e s tim a te  several fu n c tiona l charac teristics of a co m m u n ity  co r­
respond  to  an  area  delim ited  b y  th e  d o m in an t species c o n s titu te d  th e  la rg e r 
p a r t  of th e  co m m unity . This area m ay  be called to  “ fu n c tio n a l m in im um  a re a ” . 
A ltho u g h  th e  e s tim a tio n  of several fu n c tiona l ch a rac te ris tic s  w ith  a p re d e ­
te rm in ed  accu racy  an d  th e  d e te rm in a tio n  of some ch a rac te ris tic  areas can  be 
carried  ou t on th e  basis o f sp a tia l processes, th ey  m ean  d ifferen t app roaches 
in  th e  s tu d y  of v eg e ta tio n  and resu lt d ifferen t areas. B u t i t  seems th a t  th e re  is 
a p o in t w here these  tw o approaches (and  areas) overlap . I f  we re s tr ic t th e  
species lis t of a co m m u n ity  only to  th e  dom inan t species and  in v es tig a te  th e  
ch a rac te ris tic  fu nc tions (e.g. flo ru la  d iversity ) of th is  re s tr ic te d  set, th e  re su lted  
ch a rac te ris tic  area  m ay  correspond to  th e  “ fu n c tio n a l m in im um  a rea” . I f  we 
reduce  th e  n u m b e r o f species th e  a rea  of m ax im um  flo ru la  d iv e rs ity  will 
obviously  sh ift to  le ft on th e  p lo t-size axis. [This re su lt was o b ta in ed  also by  
V irag h  (pers. com m .).]

In  te rre s tr ia l com m unities th e  functional m in im um  area is p ro b ab ly  
sm aller th a n  th a t  of th e  area of m ax im u m  flo ru la  d iv e rs ity , h u t in  aq u a tic  
en v iro m en t (e.g. in  th e  case of p h y to p la n k to n ) th e  reverse  m ay  be tru e , as 
ra re  p h y to p la n k to n  species m ay  be la rg e r of several m ag n itu d e  order in th e ir  
biom ass th a n  th e  d o m in an t ones.

T he resu lts  (cf. th e  b reak  in  th e  species — are cu rves, th e  grouping  o f th e  
freq u en cy  — p lo t size curves, th e  p lo t sizes necessary  to  reach  a p red e te rm in ed  
freq u en cy  valve or accu racy  of e s tim a tio n ) suggest t h a t  th e  fu n c tiona l m in i­
m um  area of th e  in v es tig a ted  Festucetum  vaginatae danubiale  is ab o u t 3200 cm 2.
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SPATIAL PROCESSES 
IN A GRASSLAND COMMUNITY, IV.
IN V E S T IG A T IO N  O F T H E  SP A T IA L  A R R A N G E M E N T  

P A T T E R N  B Y  V A R IO U S IN D IC E S *

J .  N .  N ő s e k

IN ST ITU TE O F ECOLOGY AND BOTANY, H U N G A R IA N  ACADEMY O F SCIENCES,
VÁCRÁTÓT, HUNGARY

(R eceived : 18 Ju n e  1985)

T he a rra n g e m e n t p a tte rn  o f th e  sep a ra te  species, to ta l  n u m b er o f in d iv iduals 
and  n u m b er o f  species w ere in v es tig a ted  in  a sem i-closed sa n d y  m eadow  (F estucetum  
vaginatae danubiale) n ear V á c rá tó t, N o rth  H u n g a ry . T he follow ing indices of a rra n g e ­
m ent p a tte rn  (IA P ) were invo lved  in  th e  s tu d y : s2/x ,  “ p a tte rn  in te n s ity ” , m ean  crow d­
ing, pa tch in ess , ex p o n en t к  from  th e  n eg ativ e  b inom ia l series, Mo risita ’s in d ex , 
I wao’s p i-in d ex , th e  ra tio  of M o r isit a ’s in d ex , T a y l o r ’s p o w er law  and  I w ao’s 
pa tch iness reg ression .

T he d iffe re n t indices gave sim ilar re su lts  to  one an o th e r. R andom ness was 
acceptable on ly  in  a v e ry  few  cases a t  th e  sm allest an d  a t  th e  g rea tes t p lo t sizes. T he 
IA P-s suggest fo r th e  overw helm ing  m a jo rity  o f species a n d  p lo t sizes aggregation .

The tw o  ecological g en era lis t and  a t  th e  sam e tim e  th e  d o m in an t species o f th e  
p resen t and  n e x t  s tage  of th e  succession series, Festuca vaginata  and  Festuca wagneri, 
respectively , show ed ran d o m  a rran g em en t p a t te rn  a t  th e  tw o  end of th e  p lo t size 
scale and th e  less d e p a rtu re  from  ran d o m n ess over th e  in te rm ed ia te  p lo t sizes. T h y ­
m us sp. an d  F u m a n a  procum bens  show ed m o d era te , Carex stenophylla  an d  Medicago 
m inim a show ed s tro n g e r ag g reg a tio n . S trong  ag g reg a tio n  w as d e tec ted  in th e  case o f 
th e  ra re  species (Cynodon dacty lon , Plantago indica  and  Centaurea arenaria), how ever 
these  resu lts  m a y  be dubious.

The to ta l  n u m b er o f  in d iv id u a ls  has also agg reg a ted  a rran g em en t p a tte rn .
The size o f th e  agg reg a tes  cou ld  be m ade  to  co rrespond  p a r tly  to th e  size o f th e  

p lan ts , p a r tly  to  p a r tic u la r  a reas in  th is  co m m u n ity .
The n u m b e r o f species show ed a reg u la r a rra n g e m e n t p a t te rn  over th e  w hole 

scale of p lo t sizes. T h is m ay  be an  in d ica tio n  of co m p e titio n  b e tw een  th e  species.

Introduction

One of th e  c o n cu rre n t s tru c tu re s  (cf. J u hász-N a gy  1972) o f th e  v eg eta tio n  is th e  
p h e n e tic  s tru c tu re  re fe rrin g  to  th e  a rra n g e m e n t o f th e  in d iv id u a ls  o f a  species to  each o th e r  
in  th e  topograph ic  sp ace , th a t  is th e  sp a tia l  a rran g em en t p a t te rn  (SA P).

In v estig a tio n s o f  SA P hav e  been  o rien ted  fro m  th e  reco g n itio n  of th e  phenom enon  
in  tw o  directions: th e  recogn ition  a n d  descrip tion  of th e  th re e  cases of SAP ( th a t  is,
reg u la r, random  or ag g reg a ted ) and  <(2) th e  ex p lan a tio n  of th is  cases. C learly these  tw o 
aim s are  no t in d ep e n d en t fro m  each  o th e r. The reco g n itio n  of SA P is im m ed ia te ly  follow ed 
b y  th e  question , “ W h y ? ” .

T he f irs t s tep  is an y w ay s <1>. F o r  th e  d esc rip tio n  o f th e  a rra n g e m e n t p a tte rn  (A P) 
th e re  a re  two possib ilities: <(a) th e  use o f th e  d ifferen t, so called “ ind ices o f d ispersion”  (fu r-

* “ Tece S tu d ies”  No. 39.
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th e r  on  I use  th e  te rm  “ indices o f  a r ra n g e m e n t p a t te rn ” , IA P ), < b ) th e  use  o f severa l th e o ­
re tic a l freq u en cy  d is tr ib u tio n s , or th e ir  p a ram e te rs .

T h e  overv iew  of is b ey o n d  o u r pow er, som e exam ples or possib ilities a re  given 
in  th e  p a p e rs  cited.

I n  th e  overw helm ing m a jo r ity  o f th e  s tu d ies  o f ty p e  <^1) th e  m ain  o b jec tiv e  w as to  
recogn ize  th e  size of th e  ag g reg a te  (o r ag g reg a tes), since th e  aggregated  SA P seems to  be  th e  
m o st w id esp read  in  th e  n a tu re . As th e  v a lu e  of th e  d ifferen t IA P -s change  p lo tte d  versus 
th e  sam p lin g  u n it  size (ex cep t fo r th e  ra n d o m  A P ) (cf. e.g. P iel o u  1969, 1976, E llio t  1971, 
P o d a n i 1984), th e  use o f sam pling  u n its  o f d iffe re n t sizes serves for th e  d e tec tio n  b o th  of th e  
ty p e  o f A P  an d  of th e  size o f th e  agg reg a tes . F o r th is  purpose  th e  sp a tia l processes (cf. F e k e t e  
a n d  Szőcs 1974, P o da n i 1984) are o f th e  m o st a d v an tag e . Gr e ig -Sm it h ’s b lock-size v a rian ce  
a n a ly s is  m eth o d  based on grid  design  a n d  th e  use o f be lt tran sec ts  a re  o f th is  k in d . T hese 
tw o  sam p lin g  m ethods are th e  m o st w id esp read  a lth o u g h  th ey  have  som e d raw b ack s, e.g. in 
th e  g rid  design  th e  shape of th e  sam p lin g  u n it  changes a t  th e  successive levels o f co m b in a tio n  
a n d /o r  in  b o th  design th e  successive sizes a re  n o t  in d ep en d en t fro m  e ach  o th er. M oreover 
th ese  designs — and  th e  n ested  design  also — o v e res tim a te  th e  significance of th e  ra re  species, 
since  if  a n  in d iv id u a l of a ra re  species occur in  th e  sm allest, or in th e  f i r s t  u n it,  i t  w ill co u n ted  
in  th e  successive levels, too .

“ Theoretically , the use o f  independent random  plots w ould represent the most satisfactory  
sa m p lin g  design , since the result p e rta in in g  to each p lo t size could be com pared by statistical tests. 
The second best strategy w ould be random  sam pling  by nested plots (F ig . 2 a -d ), although the 
p o ss ib ility  o f  testing significance is lost. I n  practice , however the use o f  grids a n d  transects o f  
contiguous quadrats has become w idespread in  ecology, since the random ization  a n d  especially , 
repeated sam pling  w ith various plo t sizes is exceedingly tim e consum ing and  the vegetation becomes 
more and  more tram pled as the sam pling  proceeds”  (P o dani 1984). T hese tw o  d raw b ack s, how ­
ev er m ay  be overcom e using  a m ap  b ased  on p h o to g rap h s  of th e  v e g e ta tio n  and  perfo rm ing  
th e  fu r th e r  e lab o ra tio n  on  th is  m ap  (Szőcs 1977, 1979, Molnár an d  N ősek  1979). O f course 
th e  a rea  p h o to g rap h ed  c an n o t be of a n y  size ( th eo re tica lly  aerial p h o to g rap h s  m ay  be used).

T he resu lts  of H a irsto n  e t al. (1971) seem  to  c o n trad ic t th e  ra n d o m  design. T h ey  used 
a g rid  design  of 64 con tag ious q u a d ra ts  an d  fro m  these  d ifferen t n u m b ers  w ere chosen  r a n ­
d o m ly  fo r te s t  th e  efficiency of ra n d o m  design . T h ey  conclude: “ R a n d o m ly  p laced  sam ples 
gave  v e ry  poor resu lts  in  ou r s tu d y , an d  sam p lin g  th a t  less th a n  one fo u r th  o f th e  to ta l  area 
w as so u n re liab le  as to  be considered  w o rth less  fo r revealing  p a tte rn s  o f d is tr ib u tio n ” . W e m u st 
n o t  fo rg e t how ever th a t  th e ir  design  w as n o t  re a lly  ran d o m  and th e  “ to ta l  a rea”  w as re la tiv e  
sm a ll (8  X 8 inch) even ta k e n  in to  a cc o u n t th e  size o f th e  organism s stu d ied .

T o overcom e th e  d raw b ack s of th e  q u a d ra t  sam pling , w ith  co n tag io u s p lo ts , th e  p lo tless 
o r d is tan c e  m ethods are used  (cf. P ie l o u  1976).

In  th e  stud ies of A P  th e  “ classic”  m eth o d  — despite  its d raw b ack s  — is th e  G r e ig - 
S m it h ’s “ p a tte rn  analy sis”  (G r e ig -S m ith  1964, 1979, K ersh a w  1964, P r é c s é n y i 1964, 
P r é c s é n y i e t al. 1967, W estm a n  1975). F o r  ra n d o m  design (n o n -con tag ious q u a d ra ts )  the  
ra tio  o f M o r isita ’s in d ex  (fô,q^/ô,2q) т а У be used  to  th e  Gr e ig -Sm it h ’s m eth o d  in  analogous 
w ay  ( E llio t  1971, S o uthw oo d  1978). In  fu r th e r  pap ers  Mo risita  (1962, 1964, 1971), gave 
“ som e basic  theo ries on th e  re la tio n s  b e tw een  th e  in tra -  and in te r-g ro u p  d ispersion”  using 
h is I^, as well as its  ap p lica tio n  fo r sev era l sam pling  techniques. H is w as also app lied  in 
s tu d ie s  o f th e  A P  of w idely d iffe ren t re p ré se n ta n ts , e.g. for th e  SA P o f th e  sex expression  
in  s ilv e r m aple  (Saka i an d  Od e n  1983), fo r th e  d e tec tio n  of s tra tif ic a tio n  of zo o p lan k to n  in 
a  r iv e r  (B u cha n an  and  Schloss 1983), o r fo r th e  SA P of L um bric ida  species in  an  oak  forest 
(M o ld ov a n  e t  al. 1984).

L l o y d ’s p a tch iness (an d  th e  “ In d e x  of M ean C rowding” ) as well as th e  “ in m  m ethod , 
o r  p a tch in ess  regression” developed  b y  Iw ao  on th e  basis of L l o y d ’s p a tch in ess  a re  also
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used for th e  d e sc rip tio n  of SA P (L lo y d  1967, P ie l o u  1976, I w ao  an d  K uno  1971, I wao 
1977, etc.).

To d e te c t th e  size o f th e  ag gregate  (beside th e  Gr e ig -Sm it h ’s m eth o d ) I wao’s p ,-in d ex  
and  th e  ra tio  o f I 3 o f tw o  successive p lo t size is used  (cf. E l l io t  1971).

Several o th e r  indices w ere also used , e.g. th e  v a ria n ce /m e an  ra tio  and its  d é r iv â te s  
(e.g. N umata’s coefficien t of hom ogeneity , A sh b y  an d  St e v e n s ’s te s t ,  D avid  and  M o o r e ’s 
In d ex  of Cl u m p in g , In d e x  of L e x is , Gr e e n ’s In d e x , L e f k o v it c h ’s In d ex , Ch a r l ie r ’s 
coefficient, e tc .)  as w ell as th e  ex p o n en t к  (and  l /к )  o f th e  n e g a tiv e  b inom inal series, th e  
coefficient b fro m  T a y l o r ’s pow er law , etc.

V ery  good overw ievs o f th e  d iffe ren t IA P -s a re  to  be  fo u n d  in  Gr e ig -Sm ith  (1964), 
E lliot  (1971) a n d  S outhw ood  (1978). F u r th e r  d e ta iled  t r e a tm e n t  o f th em  are in P ie l o u  
(1976) and in  th e  p a p e rs  of th e  a u th o rs  (see reference list).

In v e stig a tio n s  o f SA P in  th e  hom e lite ra tu re  are  ra re , o n ly  a few  papers deal w ith  
th is  top ic  (P r é c s é n y i 1964, P r é c s é n y i e t al. 1967, Szôcs 1977, 1979, Ga llé  1979, M old ov á n  
e t al. 1980, 1984).

Aim  o f the study

In  th is  p a p e r  th e  change o f several IA P -s are in v es tig a ted  by  m eans o f 
a spa tia l process invo lv ing  p lo t size change in  th e  sa n d y  grassland  Festucetum  
vaginatae danubiale. T h a t is th e  s tu d y  is essen tia lly  o f ty p e  <T>.

Material and methods

3.1. Sam pling a rea  a n d  sam pling process was described in P a r t  I I I  (N ő sek  1986). F o r  th e  
sake of a b e tte r  in s ig h t some in fo rm ations m u st be how ever re ite ra te d .

11 ran d o m ly  p laced  p lo t sizes (each  of 180 rep lica tions) w ere app lied  on a 1 : 10  m ap  
of th e  co m m u n ity .'T h e  sizes were: 100, 200, 400, 800, 1600, 3200, 3600, 6400, 10 000, 12 800 
and  25 600 cm '2 (in  th e  sequel th e y  will be referred  to  Ay, j  =  1, 2, . . ., 11) resp ec tive ly ).

The follow ing te n  vascu lar p la n t species w ere fo u n d  on th e  m ap p ed  to ta l sam p lin g  
area of 4.8 XlO m  in  J u ly  1975: Festuca vaginata , T h ym u s  sp ., F u m a n a  procumbens, M edicago  
m inim a, Carex stenophylla , Festuca wagneri, Cynodon dactylon, Plantago indica, Centaurea  
arenaria. The la s t  one was rep resen ted  on ly  by  tw o ex em p lars so i t  was neglected in  th e  
evaluation . T he species will be deno ted  b y  th e  follow ing ab b rev ia tio n s: Fe, Th, F u, M e, Ca, 
Fw , Cy, PI and  Ce, respec tive ly . M oreover th e  to ta l  n u m b er o f in d iv id u a ls  ( th a t  is o f all 
species) and th e  n u m b er o f species w ere exam ined  (d en o ted  b y  N  a n d  S, respectively).

For each species an d  N  and  S a t  each  p lo t size a freq u en cy  d is tr ib u tio n  were estab lish ed . 
(The d is trib u tio n s th em selves will be discussed in th e  n e x t p a r t  o f  th e  series.) In  th e  p re se n t 
p ap er were tre a te d  on ly  th e  d ifferen t IA P -s derived  from  th e  m o m en ts  (x and s2) o f th e  
em pirical freq u en cy  d istrib u tio n s.

3.2. The follow ing indices were calcu la ted : “ In d ex  of D ispersion” : ID  - 4=r (E lliot  1971), 

to  te s t  th e  ag reem en t w ith  th e  P oisson  series (random ness) th e  v a riab le

d =  2(n — 1) y  — 2n -  3 ( E lliot  1971)

£  x ,(X/ — 1)
“ In d ex  of M ean Crow di ng” : x  =  — 1— —  ----- (L loyd  1967)

- i ’x, 
i - 1

“ patch iness” : PA  =  ~  (L loyd  1967)
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Table 1

Values o f  d at

Species
P lot

A, A._ A 3 A. A,

Fe 1.46 - 0 .6 1 4.42 5.03 2.75

Th 1.34 4.47 6.81 6.85 14.28

F u - 0 .6 6 1.44 3.12 3.96 5.47

M e 3.67 4.75 9.15 14.96 20.40

Ca 1.94 8.32 8.80 14.37 18.27

Fw 1.65 1.05 2 .02 4.74 5.39

Cy — 2.74 - 0 .0 8 2.74 12.71

PI — — 8.63 8.63 17.02

Ce — -0 .1 3 1.40 -  0.51 2.18

N 0.23 2.38 4.22 6.13 12.97

S - 6 .5 1 - 8 .1 3 - 9 .0 1 - 1 0 .6 6 — 12.46

‘M o r is it a ’s In d ex  of D isp ersio n ” : I j  — n
i ’(xl) -

f i x , . ) 2 -  i x  
Vi - 1 J 1 = 1

(E llio t  1971)

s ig n ifican t dep artu res  fro m  ran d o m n ess w ere te s te d  by  th e  value of
( n \ n

V x j — 1 +  n  — V x ;  using  th e  d is tr ib u tio n  a t th e  corresponding  degree of freedom
i - i  /  i = ia n d  p < 0 .0 5  (cf. E llio t  1971). 

“ p a t te rn  in ten sity ” : P I S —  X-  ( H i l l  1973)

“ I w a o ’s p ,-index” : p ; =  ------J —  (So uthw oo d  1978)
Xy — Xy ,

th e  ra tio  of Mo risita ’s in d ex : Q =  *foiyplot sizeyq I 1 9 7 1 )
for plot size 2q

th e  ex p o n en t “ k ”  from  th e  neg ativ e  b inom ia l series; tw o m eth o d s w ere app lied  for th e  
e s tim a tio n  of k,

( 2 ) , . b  (l +  f j - i -  ( 4 - - ) (W e b e r  1957, Southw ood  1978)

w here  A x is th e  sum  of frequencies of sam ples co n ta in in g  m ore in d iv id u a ls  th a n  x  (cf. An - 
scom be  1950, cit. in So u th w o o d  1978, W e b e r  1957). D epending on th e  va lue  of k , and x 
k j w as e ither accep ted  or u se d  as in itia l va lue  fo r th e  second e s tim a te  ( th a t  is k 2 =  k t in  th e  
f i r s t  step  of th e  ite ra tio n ),
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increasing plot sizes

sizes

A. A7 As a. A,o An

6.04 2.96 4.84 5.34 8.42 9.09

14.69 16.88 19.02 26.07 28.43 29.94

7.61 10.42 15.07 16.55 24.02 30.23

25.55 28.85 44.86 45.81 49.15 56.40

23.80 2 2 .1 2 27.99 35.34 28.84 31.41

4.96 7.04 5.19 7.18 6.03 0.33

2.69 7.46 11.49 7.82 13.84 20 .12

13.63 12.19 12.57 13.94 15.64 17.73

6.64 7.26 5.25 9.67 10.81 13.48

13.65 13.54 25.16 28.48 28.55 29.10

-1 2 .9 5 - 1 1 .8 8 12.17 - 1 2 .3 7 - 1 2 .4 3 — 13.04

th e  p a ram ete r “ b ”  of T a y l o r ’s pow er law :

log s2 =  log a ! b log x  (T aylor 1961, cit. in  E llio t  1971),

th e  p a ram e te rs  a  and  ß  from  I wao’s “ m  m  re la tio n , o r p a tch in ess  reg ress io n ” :

X =  a  +  ß x  ( I WAO an d  K uno  1971, I wao 1977)

(w here m and m are th e  va lues o f m ean  crow ding and  m ean  d en sity  o f th e  p o p u la tio n  w hereas 
X an d  X are th e  co rrespond ing  values o f th e  sam ple). I t  m u st be n o ted , th a t  th e  sym bols m  
and  X are used acco rd ing  to  th e  orig inal pap ers , an d  th e y  does n o t m ean  th e  f irs t  d e riv a te  
o f m  and  x.

T aylor’s pow er law  and  I w ao’s pa tch in ess  regression  w ere calcu la ted  b o th  on th e  
basis o f th e  d a ta  o f th e  d iffe ren t p lo t sizes (orig inal d a ta )  an d  on th e  basis of th e  d a ta  con­
v e rte d  from  each p lo t size to  1 m 2 (con v erted  d a ta ). T his conversion  could be  m ade owing to  
th e  stro n g  and  sig n ifican t p ositive  co rre la tions betw een  th e  n u m b er o f th e  ind iv iduals and  th e  
p lo t size (cf. N ősek 1986).

The i in th e  sy m b o ls  refers to  th e  n u m b er o f rep lica tions (sam ple size) in  each p lo t size 
( i 1 , 2 , . . . ,  180), j  to  th e  p lo t sizes ( j  =  1, 2, . . ., 11, cf. З.1.).

Results

4.1. As th e  indices a re  b a sed  on x  an d  s2 th e re  are som e re la tio n s  be tw een  th em , th a t  is som e 
of th e m  m ay be c a lcu la ted  from  each o th e r:

( l  +  _  (1 +  P I) _  ( l  +  A )  _  P A , . . .  I .  -  ~  PA

(cf. L loyd  1967, P ie l o u  1969, 1976, E l l io t  1971, P a t il  an d  St it e l e r  1974, c it. in  S o uth - 
w ood  1978, So uthw oo d  1978).
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F ig. 1. Change of ID  o ver p lo t  sizes (values o f th e  x  axis are to  be m u ltip lied  w ith  100 to  get 
th e  a rea  in  cm 2. D ashed  line in d ica tes ID  =  1.0)

4.2. V ariance/m ean  ra tio

T he change of ID  v e rsu s p lo t size is show n in Fig. 1. T he va lues of d are  in T able  1. 
d  v a lu e s  falling be tw een  — 1.96 and  + 1 .9 6  refers to  an  ag reem en t w ith  th e  P o isso n  series 
( th a t  is th e  random  A P).

F o r  th e  random  A P  th e  va lue  of ID  =  1.0, values g rea te r o r sm alle r th a n  u n i ty  reflects 
ag g reg a te d  or regu lar a rra n g e m e n t p a t te rn  o f  th e  re p ré se n tan ts , resp ec tiv e ly .

T he varian ce /m ean  ra tio  was c riticized  b y  several a u th o rs  e.g. E vans w ro te  “ th e  
s2/x  ra tio  m ay give a w ide ly  d iffe ren t e s tim a te  o f non ran d o m n ess from  a / 2- te s t  of goodness 
o f f i t ”  (E vans 1952), or J a m es  (1955-56) s ta te d  th a t  s2/x  is u n re liab le  w hen  th e  m ean  d en sity  
is v e ry  low  or high, as well as i t  depends on  q u a d ra t  size (Sk ellam  1952) (all c ited  in K e r ­
sh a w  1964).

ID  in itself is on ly  a n  e s tim a te  of a  p o p u la tio n  p a ram e te r (cf. P ie l o u  1969) th e  tes t 
o f ran d o m n ess is m ade b y  th e  va lue  of d.

4.3 . M ean crow ding an d  patch iness

M ean crowding can  be  in te rp re te d  as “ th e  m ean d en sity  w hich  th e  p o p u la tio n  could 
h a v e  an d  be no m ore crow ded  on th e  average  th a n  it  is now , if i t  h ad  a ra n d o m  d is tr ib u tio n ” 
(L lo y d  1967). T herefore th e  ra tio  of x  and  x  ( th e  p a tch iness) m ay  be reg ard ed  as an  estim a to r 
o f th e  dev ia tio n  from  th e  ran d o m n ess . F o r  th e  va lue  of P A  th e  sam e is v a lid  th a t  for ID .

V alues of m ean crow ding  and  m ean  d e n s ity  are in  T ab le  2, th e  change of PA  is show n 
in  F ig . 2.
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F ig . 2. Change of PA  over p lo t sizes (x ax is  as in  F ig. 1, dashed line  ind ica tes PA  =  1.0)

F ig . 3. Change of Q over p lo t sizes (x  ax is  as in  Fig. 1, dashed  line  ind ica tes Q =  1.0)
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Table 2

Changes o f  mean crowding x  ( upper value)  and mean density x  ( lower value) with increasing plot size

Plot size
Species ---------------------------------------------------------------------------------------------------------------- --------------------

A, A2 A3 A, As A, A, A, A. Am An

Fe 1.35* 2.22* 3.79 5.71 10.3 17.8 21.1 35.7 52.0 68.2 130.2
1.20 2.30 3.28 5.13 10.0 17.1 20.8 35.1 51.4 67.1 129.1

Th 1.04* 1.98 3.08 4.74 8.67 12.7 15.1 24.5 34.9 46.3 80.8
0.900 1.46 2.24 3.90 6.61 10.6 12.6 21.5 30.3 41.0 75.2

F u 0.490* 1.21* 1.80 3.21 5.15 9.34 10.9 17.8 26.6 33.7 63.0
0.567 0.967 1.46 2.76 4.51 8.39 9.47 15.6 24.1 29.5 57.3

M e 0.980 1.49 3.10 5.10 9.28 13.5 17.4 33.1 43.8 52.4 96.5
0.567 0.939 1.92 2.92 5.99 8.99 12.1 22.8 33.2 40.5 81.7

Ca 0.650* 1.96 2.87 4.70 8.21 12.7 14.0 24.2 36.7 41.2 80.1
0.444 0.906 1.74 2.63 5.37 8.64 10.3 19.1 29.5 35.9 74.1

F  tv 0.222* 0.211* 0.387* 0.791 1.12 1.33 1.80 2.04 3.44 3.47 5.61*
0.050 0.106 0.172 0.239 0.478 0.744 0.928 1.43 2.55 2.74 5.58

Cy — 0.333 0.0 0.333 1.85 0.444 1.12 1.84 1.37 2.62 4.98
— 0.033 0.017 0.033 0.072 0.150 0.189 0.272 0.389 0.644 1.75

PI — — 1.14 1.14 2.67 2.00 1.79 2.00 2.41 2.62 3.69
— — 0.039 0.039 0.083 0.061 0.106 0.250 0.411 0.306 0.961

Ce — 0 .0 0.200* 0 .0 0.333 1.00 1.07 0.864 1.67 1.98 2.80
— 0.022 0.056 0.061 0.100 0.189 0.167 0.244 0.406 0.528 0.889

N 3.74* 6.59 11.4 18.4 35.1 56.8 68.5 119.9 176.9 223.4 432.4
3.73 6.33 10.9 17.6 33.2 54.8 66.5 115.5 171.7 218.2 427.1

S 1.80 2.39 3.20 3.70 4.17 4.59 4.79 5.09 5.48 5.66 6.35
2.37 3.07 3.93 4.51 5.05 5.49 5.65 5.96 6.36 6.54 7.26

Indicate the acceptability o f randomness, based on g (cf. 4.1 and 4.5).

N
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4.4 . T h e ex p o n en t к o f th e n e g a tiv e  b inom ial series

V alues o f к  are in Table 3. T h ey  w ere co m p u ted  only fo r th e  cases w hen ID  va lues 
suggested  ra n d o m  or aggregated  A P . L ow  v alues o f к  (especially к  <  1) refers to  h igh  ag g re ­
g a tio n  (cf. Sh orro ck s  e t al. 1984), w hereas h igh  va lues in d ica te  a te n d e n cy  to w ard  ra n d o m  A P . 
I f  к  —► oo th e  n eg ativ e  b inom ial series ap p ro ach es th e  P oisson  series.

T able  3

Values o f  к at increasing plot sizes

P lot sizes
Species

A! a 2 A, a 4 As Ae A, A, A, Aio A,i

F e 6 .9 5 — 6 .03 7 .1 9 2 9 .4 2 3 .2 62 .0 60 .2 7 9 .7 6 1 .9 1 0 8 .6

T h 5 .0 2 2.91 2.02 3 .85 2 .5 2 4 .0 3 3 .70 6 .2 0 6 .5 2 7.81 13 .3

F u — 5.57 3 .97 4 .9 3 5 .9 9 7 .9 6 6 .02 5 .65 7 .4 6 7 .1 3 9 .9 8

M e 1 .17 1.47 1.40 1 .28 1 .34 1.60 1.75 1 .46 2 .3 0 3 .40 —

C a 1 .78 0.61 1.51 1 .07 1 .52 1.75 2 .03 2 .85 3 .6 9 6 .6 9 12 .2

F w 0 .2 5 0 .87 0 .60 0 .4 8 0 .5 4 1.11 1.21 2 .0 5 2 .5 6 3 .07 1 7 2 .6

C y — 0 .0 9 — 0 .0 9 0 .0 4 0 .4 8 0 .16 0 .1 4 0 .4 0 0 .38 0 .5 3

P I — — 0.02 0 .0 2 0 .0 2 0 .0 3 0 .05 0 .1 0 0 .1 0 0 .07 0 .1 7

C e — — 0.33 — 0 .3 4 0 .1 9 0.21 0 .3 3 0 .2 0 0 .2 7 0 .3 1

N 172 .8 2 4 .0 22 .2 23 .5 18 .1 28 .0 34.3 26.1 3 2 .6 4 1 .3 —

4.5. Mo r isit a ’s In d ex  o f D isp ersion  and th e  Q

As in  th e  s tu d y  n  was equal to  180, th e  d ifference betw een  1  ̂ an d  PA  occured  on ly  
in  th e  th ird  decim als, so th e  p re se n ta tio n  of Iß w as neglected (cf. 4.1.). H ow ever th e  cases 
w hen  th e  ra n d o m  A P  could be accep ted  on  th e  basis o f g are m ark ed  w ith  an  a sterisk  in  T ab le  2.

P lo tte d  Q again st th e  p lo t size co rrespond ing  to  th e  d e n o m in a to r, we g e t a cu rv e  in  
w hich  th e  peak s re flec t th e  p lo t sizes a p p ro x im a te ly  equal w ith  th e  size o f th e  agg reg a tes  

T he p lo ts  fo r th e  sep a ra te  species, N  an d  S are g iven  in Fig. 3.

4.6. I w a o ’s p z- in d e x

P lo ttin g  th e  p/ values versus p lo t size, on th e  basis of th e  cu rves i t  is possibile  also to  
d raw  conclusions on th e  ty p e  of th e  a rra n g e m e n t p a tte rn  and  on th e  size of ag g regates. 
I f  th e re  is a  ran d o m  A P , th e  p/ curve re m a in s  in  th e  close neighbourhood  of u n ity . In  th e  case 
o f ag g reg a ted  A P  th e  curve lies above th e  u n ity  a n d  shows decreases a t  p lo t sizes co rre sp o n d ­
ing to  th e  sizes o f th e  aggregates. V alues lesser th a n  u n ity  in d ica tes reg u la r A P . F ig . 4 r e ­

p re sen ts  th e  curves of th e  species, N an d  S.

4.7. T a y l o r ’s P ow er Law

T he va lue  of th e  p a ram ete r a d ep en d s f ir s t  o f all on th e  sam pling  u n it. V alue of b 
can  be  reg ard ed  as an  IA P , its  v a lue  is ran g in g  fro m  0 (for reg u la r A P ) to  v e ry  h igh  p o sitiv e  
v a lues (ex trem e ly  aggregation). The case o f a =  b =  1.0 refers to  ra n d o m  A P . V alues g re a te r  
th a n  u n ity  in d ica te  aggregated  A P.
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log 1300

log 2500 log 0.2

Fig. 5. R ela tionsh ip  be tw een  log x  and log s2 (T a y l o r ’s pow er law ) on  th e  basis of th e  orig inal 
d a ta . (D a sh e d  line rep resen t th e  case o f ran d om ness)

F ig. 4. Change of p , o v er p lo t  sizes (x axis as in  F ig . 1, dashed  line in d ica tes  p / =  1.0)
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F ig. 6. R e la tio n sh ip  betw een log x  and  log s2 ( T a y l o r ’ s  pow er law ) on th e  basis o f th e  con­
v erted  d a ta . (D ash ed  line re p re se n t th e  case of ran d om ness)

F ig. 7. I w a o ’s pa tch iness regression  of th e  o rig ina l d a ta . (D ashed  line  rep re sen ts  th e  case
of ran d o m n ess)



90 J .  N . N Ő S E K

F ig . 8. IwAo’s p a tch in ess  reg ress io n  of the  co n v erted  d a ta . (D ashed  line represen ts th e  case 
o f random ness. A t Cy, PI a n d  Ce, owing to  th e  scales, th e  line o f ran d o m n ess can n o t be 

v isu a lized , i t  is p rac tica lly  on  th e  x  axis)

The power law  w as fo u n d  to  be valid  over la rg e  scales of s2 and  x , b u t  values of a an d  
b  ca lcu la ted  on th e  basis o f  sam p les hav ing  a r ith m e tic  m eans below  tw o  and  variance  below  
fo u r, are  no t reliable ( T a y l o r  a n d  W o i w o d  1982).

T he f itte d  linears a re  rep re sen ted  in Figs 5 an d  6, th e  co rresponding  p a ram ete r va lues 
in  T ab le  4.

4.8. T he patch iness reg ressio n

According to  th e  b as ic  co n cep t of I w a o ,  th e  v a lu es of a  and  ß  h av e  d ifferen t m eanings 
( I W A O  and  K u n o  1971). a  (called  “ index  of basic c o n ta g io n ” ) refers to  th e  association  be tw een  
th e  ind iv iduals , its  v a lu e  is g re a te r  or less th a n  zero w hen  positive  o r n egative  association  
o ccur, ß  (called “ d en sity -co n tag io u sn ess coefficient” ) m ay  be less th a n , equal to , or g re a te r  
th a n  u n ity  according to  th e  ty p e  of th e  a rran g em en t p a t te rn  (regu lar, ran d o m  or aggregated , 
resp ec tiv e ly ). P a ra m e te rs  o f th e  f i t te d  curves are to  be found  in  T able  5, th e  graphs are p re ­
se n te d  in  Figs 7 and  8.

Discussion

I t  m ust no te  t h a t  th e  values of b a n d  ß  (as IA P) give an  “ overa ll” or 
“ av e rag ed ” d escrip tion  o f  th e  cases of A P, since th e  several x , s2 and x  values 
co rrespond  to  d iffe ren t p lo t sizes, therefo re  p lo t sizes w here A P m ay change,
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Table 4

The coefficients o f  Taylor's power law 
(up p er values are from  th e  original, 

lower values from  th e  converted  data)

Species
Coefficients

a b Г Value of F-test

Fe 1.071 1.132 0.996 1163.0
- 7 .5 9 5.648 0.943 71.8

Th 1.247 1.411 0.999 4080.0
- 3 .8 6 2 4.091 0.982 240.2

F u 1.051 1.411 0.998 1772.0
- 4 .5 6 6 4.780 0.990 434.9

M e 1.736 1.543 0.999 5535.0
- 4 .8 7 5 4.992 0.929 56.7

Ca 1.979 1.360 0.997 1820.0
- 6 .8 6 3 6.359 0.905 40.5

Ftv 1.508 1.056 0.992 544.6
- 1 .3 4 4 5.648 0.938 65.6

Cy 3.259 1.269 0.991 425.4
0.980 1.637 0.567° 3.8м

PI 3.605 1.106 0.993 408.3
1.522 2.533 0.783** 11.1*

Ce 2.960 1.329 0.997 1228.0
1.347 3.454 0.977 168.2

N 0.551 1.439 0.998 2481.0
- 7 .8 7 5 4.875 0.972 155.8

S 1.538 — 0.426 — 0.673 7.4

V alues of r and  F -te s t w ith o u t m arks are significant a t p <  0.001, o th er levels o f sign ifi­
cance: * =  p <  0.1, ** =  p <  0.01, ns =  non sign ifican t.

rem ain  “ h id d en ” . T he conversion  of th e  orig inal values to  1 m 2 was m e a n t to  
m ake d isap p ear th e  d ifferences due to  th e  increase in  p lo t size. (This seem s to  
c o n trad ic t th e  use of sp a tia l process, h u t  th e  use of th e se  regressions c an n o t 
be  re s tr ic te d  only  to  sp a tia l process, since we m ay got d iffe ren t densities from  
th e  sam e p lo t size from  d iffe ren t places.)

U sing th e  orig inal va lu es  ran d o m  A P  is suggested  b y  b for Festuca  
wagneri, b y  ß  for Festuca vaginata, Festuca wagneri an d  N. For th e  o th e r 
species (except for S) these  values re fer to  aggregation . Curves re su lted  b y  
th e  converted  values re flec ts  (excep t also for S) all aggregation  w hich  is 
s tro n g e r as in  th e  orig inal case, a lth o u g h  th e  f i t t in g  to  th e  orig inal d a ta  
is b e tte r .

T he accep tab ility  of p a tch in ess  regression  of the  ra re  species — d esp ite  
th e  F  values — how ever is d u b ious (see th e  po in ts a round  th e  regression lines 
a t  Ftv, Cy, PI and  Ce).
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Table 5

The coefficients o f  I m m 's patchiness regression 
( th e  up p er values are from  th e  original, 

th e  low er values from  th e  converted  da ta )

Species
Coefficients

a ß Г Value o f F -test

Fe 0.383 1.007 0.999 1.7x10®
-  65.22 2.241 0.970 142.0

Th 1.061 1.077 0.999 8.3x10®
— 54.03 2.791 0.997 1.3x10®

F u 0.214 1.104 0.999 2.5x10®
-  59.18 3.510 0.993 547.2

M e 2.275 1.188 0.998 1.9x10®
129.9 5.382 0.957 98.4

Ca 2.210 1.076 0.998 2.4x10®
- 1 4 3 .2 6.267 0.941 69.8

Fw 0.506 0.988 0.984 265.5
-  60.55 27.13 0.865 26.8

Cy 0.557 2.624 0.933 54.02
-  12.72 44.79 0.859 22.4**

PI 1.602 2.231 0.830 15.47
— 14.99 66.72 0.902 30.37

Ce 0.113 3.298 0.966 112.9
13.91 38.72 0.859 22.55**

N 1.054 1.014 0.999 1.7x10®
— 72.29 1.437 0.999 3.2x10®

S -  0.475 0.933 0.999 9.9x10®
— —

Values of r and F -te s t  w ith o u t m arks are sign ifican t a t p <  0.001, o th er levels of signifi­
cance: ** =  p <  0.01.

C alculating th e  p a tch in ess  regression b y  th e  original va lues, th e  а -s w ere 
all g re a te r  th a n  zero, in d ic a tin g  positive a ssoc ia tion  betw een  th e  ind iv iduals of 
th e  sep a ra te  species. T h is m ay  refer th a t  th e re  are  aggregates of th e  ind iv idua ls. 
C a lcu la ting  how ever on th e  basis of th e  co n v e rted  values, all th e  x-s change 
th e ir  sign, ind ica ting  a n eg a tiv e  association . I t  is to  be m en tioned , th a t  in  
th e  case of the  orig inal d a ta  only S has a n eg a tiv e  x.

T he other ind ices o f  th e  SAP shows s im ila r resu lts to  one ano ther.
R andom ness w as accep tab le  only in  v e ry  few cases a t  th e  sm allest p lo t 

sizes. The IA P-s suggest fo r th e  overw helm ing  m ajo rity  o f th e  species and  
p lo t sizes aggregated  A P .

The tw o Festuca  species showed ran d o m  p a tte rn  in  th e  beginning an d  a t  
th e  end  of the p lo t size scale. In  th e  in te rm e d ia te  sizes th e y  also show ed a 
te n d e n c y  of aggregation , b u t  i t  was th e  w eak est of all species. In  th is  com ­
m u n ity  the  tw o Festuca  species proved to  be ecological generalist. The Festuca
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vaginata  is th e  d o m in an t species of th is  stage  of th e  successional series, th e  
Festuca wagneri is th a t  of th e  n e x t stage  (cf. P r é c s é n y i  e t al. 1980, N ősek  1986).

M oderate aggregation  is show n by  T ym u s  sp. an d  F u m a n a  procumbens. 
S tronger aggregation  is in d ica ted  b y  Carex stenophylla  an d  Medicago m in im a . 
Carex is a sto lon iferous species, th e  crop of Medicago is o f th o rn y  ch a rac te r so 
th e ir  spread  is m ade difficu lt an d  th e y  rem ain  in  th e  neighbourhood  of th e  
p a re n t p lan t.

The ra re  species show ed a s tro n g  aggregation  on la rg e r p lo t sizes.
E x cep t fo r th e  tw o Festuca  species and  for a few  cases a t Ax an d  A 2 

(F u , Th, Ca) s ign ifican t change in  th e  ty p e  of SA P could n o t be d em o n stra ted .
The d o m in an t species — excep t for F u  — Fe, Th, M e, Ca and  Fw  fo rm  

aggregates of size betw een  th e  p lo t sizes 40 X 40 an d  56 X 56 cm . On th e  basis o f 
p revious resu lts  (cf. Molnár  an d  N ősek  1979,1980, N ő se k  1986) th e  p lo t size 
betw een 1600 an d  3200 cm2 h av e  a p a rticu la r significance in  th is  com m unity .

The peaks of Th  and  F it (800 cm 2) as well as of Ca (400 cm 2) are p ro b ab ly  
in  connection  w ith  th e  in d iv id u a l sizes. Th  and  F u  are  ch am aep h y to n  an d  
n an o p h an e ro p h y to n  species w ith  a re la tive  g rea t size, and  th e  400 cm2 o f Ca 
m ay  refer also to  th e  average size of th e  sto lon  system . S im ilarly  th e  “ half- 
p eak s” of th e  tw o  Festuca species m ay ind ica te  th e  av erag e  size of the  in d i­
v idua l pa tches. (The lack  of th e  le ft side of th e  peak  is due to  th e  calcu la tion  
techn ique of Q an d  p,.)

Cy, PI an d  Ce show tw o p eak s a t la rger p lo t sizes. B u t, as it  was po in ted  
o u t, th e  in te rp re ta tio n  of th e  ra re  species (ow ing to  th e ir  ra re  ch a rac ter an d  
to th e  fac t, th a t  th e y  are m em bers ra th e r  of th e  a u tu m n  aspect) is dubious.

Tbe to ta l  n u m b er of in d iv id u a ls  (N) can  be reg a rd ed  as if  th e  ind iv iduals 
of th e  sep ara te  species were belonging  to  one “ h y p o th e tic ”  species. The indices 
show p a rtly  ran d o m  A P (pa tch iness, lw ao ’s ß  and  th e  k), p a r tly  m odera te  
aggregation . I f  we accept th e  aggregated  A P, th e re  are tw o  peaks, a t  3200 
and  a t 12 800 cm 2. The significance of 3200 cm 2 was a lread y  m entioned . I f  we 
include to  th e  d o m in an t species th e  Festuca wagneri, too , th e  p lo t size neces­
sa ry  to  reliable es tim ates  of th e  d ifferent p o p u la tio n  p a ra m e te rs  (cf. N ő se k  
1985a) is ab o u t 1 m 2.

V ery in te re s tin g  is th e  case of $. I t  m ay  be re g a rd ed  — analogously  
to  N — so, if  th e re  were on ly  one “ h y p o th e tic ”  species w ith  S num ber o f 
“ ind iv id u a ls” . In  th is  c o n tex t, b o th  N and  S refe r to  th e  w hole com m unity .

All the  indices a t every  p lo t size refer to  a reg u la r A P . I t  is com m only  
accepted  th a t  a reg u la r a rran g em en t reflects neg a tiv e  in te rac tio n s an d /o r 
com petition  b e tw een  th e  in d iv id u a ls  (cf. MacA r t h u r  a n d  Co nne l l  1966, 
P r é c s é n y i  e t al. 1967). In  th e  Тесе m eadow  th e re  is a lim ita tio n  in  w a te r 
supp ly  in  th e  su m m er period. T h is resu lts suggest th a t  b e tw een  the  species 
(and p ro b ab ly  b e tw een  th e  in d iv id u a ls  of th e  species, cf. th e  n egative  oc values 
of th e  patch iness regression from  th e  converted  d a ta ) th e re  is a com petition .
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SPATIAL PROCESSES 
IN A GRASSLAND COMMUNITY, Y.
F R E Q U E N C Y  D IS T R IB U T IO N S  O F T H E  SP E C IE S *

J .  N .  N ő s e k

I N S T I T U T E  O F  E C O L O G Y  A N D  B O T A N Y , H U N G A R I A N  A C A D E M Y  O F  S C IE N C E S , Y Á C R Á T Ó T ,
H U N G A R Y

(R eceived: 20 Ju ly  1985)

D irectly  connecting  w ith  P a r t  IV , th is  p a p e r is concerning w ith  th e  a r ra n g e ­
m en t p a tte rn  (A P) of th e  sep ara te  species, n u m b er o f in d iv id u a ls and n u m b er o f species 
on th e  basis o f th e  frequency  d is tr ib u tio n s  in th e  sam e co m m u n ity . Twelve th eo re tic a l 
freq u en cy  d is tr ib u tio n s  (T FD ) w ere invo lved , th e ir  p a ram e te rs  were ca lcu la ted  from  
th e  m om ents o f th e  em pirical frequency  d is tr ib u tio n s  (E F D ) by  m axim um  likelihood  
m eth o d s. T he p a ram ete r e stim a tes o f fo u r T F D -s w ere u n re liab le , so finally  th e  p o sitiv e  
b inom ia l, th e  Poisson, th e  negative  b inom ial series, tw o cases o f th e  generalized N ey m an  
d is tr ib u tio n s , th e  norm al, th e  lognorm al and  th e  uniform  d is tr ib u tio n s  were in v es tig a ted . 
T he goodness o f f i t  was m ade by  %2-tes t.

T he fittin g  in d ica ted  ran d o m  an d  aggregated  A P  a t th e  sam e cases as th e  severa l 
indices of d ispersion  (cf. P a r t  IV ), how ever th e  in d ica tio n  of th e  regu lar A P  w as n o t 
su p p o rte d  by  th e  f i tt in g  in  every  cases in d ica ted  by  th e  indices.

R an d o m  A P  could be accep ted  — sim ilarly  to  th e  indices — only in few  cases. 
T h is ran d o m n ess how ever, seems to  be o f all p ro b a b ility  an  a p p aren t one, since it 
o ccu rred  a t  low densities and  a t  th e  sam e tim e th e  T F D -s referring  to  a con tag ious 
A P  h ad  also th e  sam e, good, or even  b e tte r  fit.

All o f th e  species and  N  show ed aggregated  A P , f i t te d  by  d ifferen t T F D -s . T he 
re g u la r  A P  of S could be accp ted  only below  th e  p lo t size of 40 X 40 cm.

T he d e tec ted  ty p e  of A P  depends on th e  p lo t size an d  on th e  re la tive  a b u n d an ce  
of th e  species. A p p ro p ria te  p lo t sizes in th is  co m m u n ity  fo r th e  do m in an t species are 
betw een  800 and  3200, for th e  ra re  species be tw een  3600 and  10 000 cm2.

In tro d u c tio n

F o r th e  d escrip tion  of th e  ty p es  o f th e  a rra n g e m e n t p a t te rn  (A P) besides th e  so called  
“ indices o f d ispersion”  (cf. N ő s e k  1986b) th e  d iffe ren t th eo re tica l p ro b ab ility  or f req u en cy  
d is tr ib u tio n s  (T FD -s) are used. T he use of th e  la t te r  ones how ever is m uch lab orous th a n  
th a t  of th e  several indices, b u t  e.g. “ th e  s2/x  ra tio  m ay  give a  w idely  d ifferen t e s tim a te  of 
n o n -random ness from  a X2-te s t of goodness o f f i t ”  ( E v a n s  1952, cit. in K e r s h a w  1964). 
M oreover th e  co m p u te r facilities m ade th e  ev a lu a tio n  m ore easy , so now adays th e  f i t  o f sam e 
th eo re tica l d is tr ib u tio n s  to  th e  observed d a ta  is n o t m uch  m ore d ifficu lt th a n  th e  c o m p u ta ­
tio n  of th e  several indices o f dispersion.

T h e  ty p e s  of A P  are d istingu ished  on th e  basis of th e  re la tio n sh ip  betw een  th e  “ th in g s” 
(e.g. in d iv id u a ls  o f a species) o f w hich  A P  is in v es tig a ted . T his re la tio n sh ip  can be fo rm u la ted  
on p ro b ab ilis tic  basis, too . I f  th e  p ro b a b ility  o f occurrence of one in d iv idual is n o t a ffec ted  
by  th e  p resence of a n o th e r one, th e  A P  is ran d o m . In  th e  second case th e  p ro b ab ility  o f  o ccu r­
rence of th e  single in d iv id u a ls  is n o t in d ep e n d en t from  one an o th e r. I f  th is p ro b a b ili ty  is

* “ T ece S tu d ies”  No. 40.
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e n la rg ed  b y  th e  p resence  o f a n o th e rs , th is  lead s to  a n  aggregated  (or con tag ious) A P . On th e  
c o n tra ry ,  if  th e  p ro b a b ility  o f  occurrence is decreased , a regu lar A P  is re su lted .

Several th eo re tic a l d is tr ib u tio n s  are used  fo r th e  descrip tion  of A P . T he m ost f req u e n t 
u se d  ones are: for re g u la r  A P  th e  po sitiv e  b in o m ia l series and  th e  hyp erg eo m etric  series; for 
ra n d o m  A P  th e  P o isso n  series; fo r th e  con tag ious A P  th e  n eg ative  b inom ia l series, th e  P o lya- 
A e p p l i  d is tr ib u tio n , th e  T hom as d is tr ib u tio n , th e  N e y m a n  d istrib u tio n s (A , B , and  C) or th e  
g en era lized  N eym an  d is tr ib u tio n  (cf. B ea ll  an d  R escia  1953, E llio t  1971, P ie l o u  1969, 
1976, M oldovan  e t al. 1980, etc.).

Several h y p o th esis  a re  c o n stru c ted  re g ard in g  th e  causes of th e  a rra n g e m e n t p a t te rn  
a n d  th e  ap p licab ility  o f th e  th eo re tica l f req u en cy  d istrib u tio n s. I t  is com m only  accep ted  
t h a t  th e  f i t  of th e  P o isso n  series m eans th e  lack  o f an y  lim ita tio n  (cf. J u há sz-N a gy  an d  
V id a  1978). M ost of th e  th eo ries  hav e  concerned  w ith  th e  aggregated  or con tag ious (sensu 
N e y m a n , cit. in B ea ll  a n d  R escia  1953) A P . S ev era l w ays of re p ro d u c tio n  or th e  course of 
c o lo n iza tio n  to g e th e r w ith  th e  w ay of re p ro d u c tio n  h av e  been  regarded  to  be responsib le  for 
th e  re su lte d  aggregated  A P . T he v e g e ta tiv e  rep ro d u c in g  p la n t species fo rm  aggregated  A P , 
a n d  also sim ilarly  th e  co lon ia l an im als. T he T h om a s, N ey m an  and  P olya-A e p p l i  d is tr ib u ­
tio n s  h av e  several b io logical co n d itions, an d  if  th ese  co n d itio n s are m et, th e  re su lted  aggregated  
A P  c an  be described a n d /o r  th e  em pirica l freq u en cy  d istrib u tio n s (E F D ) can  be f i t te d  b y  
th e se  T F D -s . More d e ta ils  a n d  fu r th e r  ex am p les a re  to  be  found  in several books, e.g. E llio t  
1971, S outhw ood  1978 ( f ir s t  of all for in sects); o r in  K in g  and  W o od ell  1984, Ord  e t al. 
1979, M oldovan  e t al. 1980.

W e m u st be h o w ever in  aw are o f th e  fa c t, t h a t  th e  sam pling  process m ay  led  to  “ d e te c ­
t io n ”  an y  of th e  A P -s, t h a t  is we m ay  f i t  som e T F D -s  to  th e  E F D -s a lth o u g h  th a t  A P  does 
n o t  e x is t.

T he use of sm all sam p lin g  p lo t sizes m ay  be m isleading (c.f. e.g. P r é c s é n y i 1964, 
E l l io t  1971, P ie l o u  1976, S outhw ood  1978). B u t even  using larg e r p lo t sizes, we m ay  go t 
“ a p p a re n t  con tag ion”  (sen su  F e l l e r  1943, cit. in Ca lo w  1974) due to  several causes, as th e  
p a tc h in e ss  of th e  h a b ita t  o r th e  sam pling  tec h n iq u es  (c.f. S outhw ood  1978).

T he choice o f th e  e n ti ty  (of w hich A P  is to  be  in v estig a ted ) m ay  also cause tro u b le s
e.g. in  th e  case of co lony  form ing  species th e  colonies and  the  in d iv id u a ls  w ith in  a single 
co lony  m ay  have d iffe ren t A P-s.

T hese d ifficu lties m ay  overcom e by  precise d e te rm in a tio n  of th e  en titie s  an d /o r — th e  
co inc idence  of th e  A P  (cf. p a tch in ess  of th e  h a b ita t)  an d  sam pling scale — by  th e  use of 
s p a t ia l  processes.

T he nu m b er o f th e  observab le  E F D -s  is p ro b a b ly  in fin ite . In  c o n tra ry  th e  know n 
T F D -s  — especially th e  m ore or less sim ple ones, p re fe rred  for fittin g  — are  o f fin ite  n u m b er. 
I t  o f te n  occurs th a t  no or even  several T F D -s can  be f i t te d  a t a certa in  p red e te rm in ed  level 
o f p ro b a b ili ty  to  th e  o b se rv ed  d a ta  (B ea ll  and  R esc ia  1953, Moldovan  e t al. 1980).

T here  are a re la tiv e  g re a t n u m b er o f T F D -s w h ich  are n o t d irec tly  re la te d  to  one or 
a n o th e r  ty p e  of A P  (e.g. th e  no rm al-, lognorm al-, g am m a-, %2-, t-d is tr ib u tio n s , th e  Mac- 
A r t h u r ’s “ b roken  s tick  m o d el” , several co m pound  d is trib u tio n s). In  o th e r w ords, th e  b io ­
lo g ica l or ecological co n d itio n s, lead  to  th e  d e te c tio n  such  T FD -s, are u nknow n.

F o r th e  in v es tig a tio n  of th e  freq u en cy  d is tr ib u tio n s  there  are tw o possib ilities. Once 
we m a y  s ta r t  from  th e  k n o w n  T F D , g en era tin g  th eo re tic a l sc a tte r  d iag ram s an d  in v es tig a te  
th e  A P  of these s im u la ted  m aps. T his a p p ro ac h  is especially  useful to  w ork  o u t and  to  te s t 
sa m p lin g  p rocedures, processes or several indices o f A P  (cf. I wao 1977, Szőcs 1977, 1979, 
M o ld ov a n  e t al. 1980, 1984).

T he o ther w ay  is to  s ta r t  from  th e  o bserved  s itu a tio n s , from  th e  g iven A P , an d  t ry  
to  f in d  th e  T F D  of th e  b e s t f i t .  In  th is  ap p ro ach  sev era l sam pling p rob lem s m ay  arise. (T hey  
w ere to u ch ed  in P a r t  IV , N ő sek  1986b.)
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Aim of the study

T he aim  o f th is  s tu d y  was to  d e tec t th e  E F D -s o f th e  several species, 
to ta l  n u m b e r of in d iv id u a ls  and  species of a sem i-closed sandy  g ra ss lan d  
(Festucetum  vaginatae danubiale) a t  d iffe ren t p lo t sizes, as well as to  f in d  
from  som e sim ple T F D -s one of th e  b e s t f i t  and  to  com pare  these  re su lts  
w ith  th a t  o f th e  indices (P a r t  IV . N ő se k  1986b) from  p o in t of view  o f th e  
a rra n g e m en t p a tte rn .

Material and methods

1.1. Sam pling  a rea  an d  sam pling  process w ere described d e ta iled  in  P a r t  I I I  a n d  IV  
(N ő sek  1986a, b).

11 p lo t sizes were app lied , p laced  ou t ra n d o m ly  on a 1 : 10 m ap  of th e  co m m u n ity . 
T he sizes w ere 100, 200, 400, 800, 1600, 3200, 3600, 6400, 10 000, 12 800 and 25 600 cm 2 
(referred  to  Aj;  j  =  1, 2, . . ., 11, respectively). N ine  vascu la r p la n t  species were a n a ly sed  
(F estuca vaginata, Th ym u s  sp ., F um ana procum bens, Medicago m in im a , Carex stenophylla , 
Festuca wagneri, Cynodon dactylon, Plantago indica  and  Centaurea arenaria, re fe rred  as i 
(i =  Fe, T h , F u , M e, Ca, F w , Cy, PI an d  Ce, re sp ec tive ly ), as w ell as th e  to ta l  n u m b e r  o f  
in d iv id u a ls  (o f all species) N , an d  th e  n u m b er o f species, S. S am p le  size was 180 q u a d ra ts  
fo r each p lo t size (1 =  1 , 2 , . .  ., 180). So

X,j|
is th e  n u m b er o f in d iv id u a ls  o f th e  i- th  species in  th e  1-th re p lica tio n  of p lo t size j .

F o r each  species, N  a n d  S and  fo r each  p lo t size th e  E F D  w as established.

1.2. T w elve T F D -s w ere involved  in  th e  in v estig a tio n . T h e  choice o f th e  T F D -s  w as 
based  e ith e r on  th e  re la tio n  to  th e  d iffe ren t ty p es  o f  A P , or on th e  sh ap e  of th e  E F D  d iag ram s. 
P a ra m e te rs  o f th e  sep a ra te  T F D -s were calcu la ted  from  th e  f irs t  (x ) a n d  second (s2) m o m en ts  
o f th e  co rrespond ing  E F D -s , u sing  th e  m ax im u m  likelihood  e s tim a te s  (cf. B eall  and  R e sc ia  
1953, W e b e r  1957, P r ék o pa  1972).

I n  fo u r cases (geom etric , h y p ergeom etric  a n d  ex p o n en tia l series as well as th e  g am m a  
d is tr ib u tio n  of th e  f irs t  o rder) th e  p a ram e te r  e s tim a te s  w ere u n re liab le , so these d is tr ib u tio n s  
w ere neg lec ted  in  th e  fu r th e r  e lab oration .

F in a lly  e ig h t T F D -s w ere f i tte d  to  th e  em pirica l d a ta . In  th e  fo rm ulae  below r  d en o tes  
th e  n u m b er o f  ev en ts  in  one q u a d ra t  ( th a t  is th e  v a lu e  of r  is e q u a l to  x, j  i), P r is th e  p ro b ­
a b ility  o f occurrence  of th e  q u a d ra t  co n ta in ing  r  ev en ts , n  is th e  sam ple  size (180), x  a n d  s2 
are  th e  m o m en ts  o f th e  E F D -s , x ,  A, m , а , к , ш ,. m 2, p , q an d  h  are  th e  p a ram ete rs  o f th e  
sep a ra te  T F D -s . T he T F D -s to  be  f i t  w ere:

1. P ositive  b in o m ia l (or P ascal) series

2. P oisson  series

3. N eg ativ e  b in o m ia l series: 

Pr

P r =  ( r  )  РГ Ч*~Г

( к  +  r -  1) ( 1 x r k i  *  V{ к -  1 J 1 k j  U  +  k J
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I n  th is  case tw o estim a tes o f к  w ere applied
a) th e  estim a te  based  on  th e  m om ents (M E ):

b) th e  m axim um  like lihood  estim a te  (M L):

n  In

w h ere  A x is th e  sum  of freq u en c ies  o f sam ples c o n ta in in g  m ore ev en ts  th a n  x  (cf. A n sco m be  
1950, c it. in B liss 1953, W e b e r  1957, E llio t  1971, S outhw ood  1978). T he choice be tw een  
th e  tw o  estim ates depends on  th e  sam ple size, th e  v a lu e  of x  and  к  (cf. Southw ood  1978). 
W il s o n  e t al. inv estig a ted  th e  b ias  of th e  tw o e s tim a te s . T hey concluded  th a t  th e  M E “ does 
n o t  seem  to  be in fluenced  as m u ch  as th e  M L E  — ( =  ML) w hen  som e sam ples a re  d is­
c a rd e d , an d  in  none of th e  cases considered  w as th e  M L E  overw helm ing ly  b e tte r  th a n  th e  
M M E ”  — ( =  M E) — . T h ey  suggest a m u ltis tag e  p rocedure  using th e  M E  versus th e  fix ed  
sam ple-size  estim ate . As in  th e  case of th is  s tu d y  th e  sam ple size w as fix ed , in stead  of th e  
su g g ested  procedure b o th  e s tim a te s  were ap p lied , a n d  th e  choice b e tw een  th em  w as m ade  
a f te r  A nscom be (1950, c it. in  Southw ood  1978). D epending  on th e  v a lu e  of k ME a n d  x, 
k ME w as e ither accep ted  or u sed  as in itia l v a lu e  fo r th e  ML estim a te . F i t t in g  was m ade  in 
m a n y  cases using b o th  e s tim a te s  of k , b u t  only t h a t  one, resu lted  th e  b e t te r  f i t ,  was accep ted .

T he cases of th e  g en era lized  N e y m a n ’s d is tr ib u tio n s  were also ap p lied . The generalized  
fo rm  is th e  following, acco rd ing  to  B e a l l  an d  R e s c ia  (1953), using  th e ir  original sym bols:

Pr
1 d(0  

r! d<r>
je x p  ( m ,)  e xp

» m | (z — l )s ~|I
(s +  n)! JJ

S e ttin g  n  =  0, 1 or 2, we ge t th e  original N e y m a n  fu n c tio n s A, В an d  C, respec tive ly . In  th e  
g en era lized  form  n m ay  h av e , o f  course, o th e r v a lu e s , too , till oo. T he tw o  cases app lied  are  
(u s in g  th e  sym bols of th is  p ap er):
4. n  =  0

P(r+I) . r F . P ( r - t )(r +  1) t -o
t  =  0, 1..........r

V h ere

P 0 =  exp  (—m ,) exp (m , exp ( — m 2)) 

F 0 =  m 2 exp (—m 2) 

exp (—m 2)

5. n  =  c

P( H - 0 =  ( T + ' l )  й Г ‘ Р < - ‘>
w h ere  

P 0 =  exp

F„

2x
(2 +  c)

(s2 — x)

— {— }
“i 1 (2 +  c)2 J

t  =  1, 2..........
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Fig. 1. T he E F D  d iag ram s o f Festuca vaginata  a t  d if­
fe ren t p lo t sizes (x axis: values of г, y  axis: values o f f(r))
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Fig. 3. T he E F D  d iag ram s of Carex stenophylla  (axes as 
in  Fig. 1)
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Fig. 5. T he E F D  d iag ram s of Centaurea arenaria  (r and  
f(7) values o f th e  axes are th e  sam e fo r all p lo t sizes)
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Table 1

The probability values o f  the goodness o f f i t

A, a 2 A3 a4 A. A. A, A, A. A10 Au

POI 30 0.1 0.1 0.1 5 0.1 50 1 0.1 0.1 0.1
N B I 90 0.1 70 50 5 70 70 90 70 5 0.1
GNZ 90 0.1 70 50 5 0.1 0.1 0.1 — — —

Fe GNI 90 0.1 70 50 5 0.1 0.1 0.1 — — —

NOG — — — 70 30 50 70 70 50 10 —

LGN — — 1 0.1 5 5 50 70 70 10 —

U N I — — — — — — — — 0.1 0.1 0.1

PO I 5 5 0.1 0.1 0.1 ___ ___ ___ ___ ___ ___

N B I 30 90 10 50 10 10 5 10 1 50 1
GNZ 10 95 50 70 10 10 10 30 1 0.1 1

Th GNI 10 90 10 50 10 10 5 10 1 0.1 1
NOR — — — — — 10 50 10 5 50 10
LGN — — — — — — — — 0.1 0.1 0.1
U N I — — — — — — — — 0.1 0.1 0.1

PO I 90 10 5 0.1 0.1 0.1 0.1 ___ ___ ___ ___

N B I 0.1 50 50 10 5 10 50 30 0.1 1 0.1
GNZ 70 50 70 10 5 30 50 30 1 0.1 —

F u GNI 70 50 50 10 5 10 50 30 0.1 0.1 —

NOR — — — — — — — 10 0.1 0.1 0.1
LGN — — — 0.1 0.1 0.1 0.1 10 0.1 0.1 0.1
U N I — — — — — — — 0.1 0.1 0.1 0.1

PO I 0.1 0.1 0.1 0.1 0.1 ___ ___ ___ ___ ___ ___

N B I 70 70 50 70 10 70 0.1 10 0.1 5 —

GNZ 50 95 70 1 1 0.1 0.1 10 0.1 1 —

M e GNI 50 70 70 50 30 70 0.1 10 0.1 5 —

NOR — — — — — — — — 0.1 0.1 —

LGN — — — — — — — — 0.1 0.1 —

U N I — — — — — — — 0.1 0.1 0.1 5

PO I 5 0.1 0.1 0.1 0.1 ___ ___ ___ ___ ___ ___

N B I 50 5 90 30 10 30 5 10 95 10 —

GNZ 50 5 30 5 0.1 30 10 30 70 0.1 —

Ca GNI 50 5 70 50 10 50 10 30 50 0.1 —

NOR — — — — — — — 30 5 30 —

LGN — — — — — — 0.1 0.1 0.1 0.1 —

U N I — — — — — — — 0.1 0.1 0.1 0.1

POI 70 70 30 10 0.1 0.1 0.1 0.1 0.1 0.1 90
F w N B I 95 95 70 90 30 70 95 30 50 50 90

GNZ 99 95 90 30 50 95 10 50 70 50 90
GNI 99 95 90 50 30 90 50 50 70 50 90

PO I ___ ___ 95 ___ ___ ___ ___ ___ ___ ___ ___

PO I — 70 — 70 5 10 0.1 0.1 0.1 0.1 0.1
Cy N B I — 90 — 90 90 90 70 30 99 5 0.1

GNZ — 95 — 95 70 90 70 5 30 0.1 0.1
GNI — 95 — 95 70 90 70 70 70 0.1 0.1

POI _ ___ 10 10 1 10 5 0 . 1 0.1 0.1 0.1
PI N B I — — 70 70 70 90 90 50 1 5 0.1

GNZ — — 90 90 95 70 70 50 10 50 0.1
GNI — — 70 70 70 70 95 50 5 10 0.1
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T able  1 (co n tin ed )

Plot sizes
Species TFD

Ai a2 A3 A. As A, A, A, a9 A10 A„

PBI 95 90
POI — — 70 — 70 0.1 10 1 0.1 0.1 0.1

Ce NBI — — 95 — 90 70 50 90 10 50 5
GNZ — — 95 — 95 95 5 90 70 70 1
GNI — — 95 — 95 90 10 95 10 90 1

POI 10 30 5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 —

NBI 10 95 90 90 10 5 70 10 50 — —

GNZ — 0.1 0.1 0.1 0.1 0.1 0.1 — — — —

N GNI 10 0.1 0.1 0.1 0.1 0.1 0.1 — — — —

NOR — 30 50 70 10 5 50 5 50 1 0.1
LGN 0.1 1 10 30 5 1 50 5 30 10 0.1
UNI — — — — — — — 0.1 1 0.1 1

S PBI 10 50 50 10 0.1 5 0.1 0.1 0.1 0.1 1
POI 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

1 ( t +  1 'I f  c
F t =  —mi l t ) (.2 +  c j b(t-0 t = 1,2,.. . ., r

6. u n ifo rm  d is tr ib u tio n :

P r  ~  ^  ( h  =  r m ax r min H-  1 )

(w here r mjn an d  r max are  th e  corresponding  v a lu es o f th e  E FD -s).

7. n o rm al d is tr ib u tio n  (for x  =  r):

f(x ) =  2.™  e x P

8. lognorm al d is tr ib u tio n  (for x  =  r):

f ( x )
1

2 Ж7Х
exp

(x  — m )2 
2<72

(In x  — m )2
2f72

T he T F D -s w ere d eno ted  fu r th e r  on b y  P B I ,  P O I, N B I, GNZ, G N I, U N I, N O R  a n d  L G N . 
T he goodness o f f i t  was te s te d  b y  £ 2-te s t.

R esu lts

A lth o u g h  th e  E F D -s  w ere e s tab lish ed  fo r all the  species as w ell as for N a d n d  S, in  
lack  of space th e y  w ill n o t be p resen ted . A s i t  was illu stra ted  ea rlie r (cf. P a r t  I I I ,  N ő s e k  

1986a) th e  species could  be d iv ided  in to  th re e  g ro u p s, according to  th e ir  dom inance re la tio n s . 
T herefo re  only th e  E F D  d iag ram s of Festuca vaginata  (Fig. 1), F u m a n a  procumbens (F ig . 2), 
Carex stenophylla  (F ig . 3), Festuca wagneri (F ig . 4) and  Centaurea arenaria  (F ig. 5) a re  p re ­

sen ted . F ig . 6 co n ta in s th e  E F D  d iag ram s o f N , T able  1 con ta ins th e  resu lts  of th e  f i tt in g . 
F o r  th e  sake of sav in g  in  space, only th e  p ro b a b ili ty  values are p re sen te d  for th e  se p a ra te  
T F D -s. V alues p r in te d  in ita lics m ean  p ro b a b ilitie s  lesser th a n  th e  g iven  v a lue , th e  o th e r  
m ean  p ro b ab ilities  g re a te r  th a n  th e  given v a lu e .
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D iscussion

R andom  a rra n g e m e n t p a tte rn  could  be accep ted  on ly  in  a few cases, 
a lth o u g h  the •/? te s t  in d ic a te s  more ran d o m  A P  as th e  IA P -s  (cf. Table 2 an d  
P a r t  IV , N ősek 1986b), b u t  sim ilarly  a t  th e  sm allest p lo t size (except for 
F w  in  An ).

T he sm aller th e  re la tiv e  density  of th e  sep a ra te  species th e  larger is th a t  
p lo t size in terval over w h ich  th e  random ness is accep tab le , how ever the  prob-

Table 2

Cases o f  significant randomness (p  >  5°/0)  indicated 
by the variance/mean ratio and M orisita’’s index

P lo t sizes

A, A2 A , A. A, A , A, A, Ae A, 0 An

Fe X X

Th X

F u X X

Ca X

Fw X X X — — — — — — — X

Ce — — X

N X

a b ili ty  values decrease to w a rd  the larger p lo t sizes. A bove A 5 and  A 0 (4 0 x 4 0  
a n d  5 6 x 5 6  cm) th e  h y p o th es is  of ran d o m n ess m ust be re jec ted .

A lthough it is co m m o n ly  accepted  th a t  ecological g en era lis t species w ould  
h a v e  random  A P (as th e  random  A P in d ica te s  the  lack  of lim ita tion , cf. 
J u h á s z -N agy and  V i d a  1978), th e  re su lts  o f th e  f ittin g  do n o t support th is , 
since there  were no p lo t  sizes w hen only  th e  f i t  of P O I h a d  been accepted . 
T hese results suggest, t h a t  th e  random ness d e tec ted  is all p ro b ab ility  an  
a p p a re n t one — due to  th e  sam pling an d  th e  d en sity  re la tio n s  — since i t  
occurs a t low re la tiv e  d en sities and  a t  th e  sam e tim e th e  T F D -s referring  to  
con tag ious AP are also  o f  th e  sam e good — or b e tte r  — f i t .

In  the m a jo rity  o f  th e  cases, th e  f i t t in g  su p p o rt th e  contagious A P . 
O n th e  basis of th e  p ro b a b ilitie s  of f i t t in g  a t  th e  s im u ltaneous occurrence none 
o f th e  TFD -s of N B I, G N Z and  GN1 can be  p referred . I n  Fe and Me th e  
generalized  N eym an  d is tr ib u tio n s  can be h o ld  only  till A 0 an d  A ,. In  the  case 
o f  Ca and  the  ra re  species (F w , Cy, PI, an d  Ce) GNZ a n d  G N I are — beside 
N B I — acceptable a lm o s t till th e  largest p lo t size.

This fact suggest — com paring w ith  th e  resu lts  d eriv ed  from  the  ra tio  of 
M o r is it a ’s Index  (d o u b le  peaks a t la rg e r p lo t size (cf. P a r t  IV), th a t  these  
species m ay form  a g g reg a te s  of random  A P , w ith  random  A P o f th e  ind iv iduals 
w ith in  each ag g reg á tu m .
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In  th e  case o f  Fe an d  T h  — the  f irs t tw o  m em ber o f th e  re la tiv e  d o m ­
inance ra n k  — th e  no rm al d is tr ib u tio n  can be accep ted  from  A 4 an d /o r A 0 
w ith  th e  s im u ltaneous re jec tio n  o f GNZ and  G N I.

To th e  E F D -s  o f th e  d o m in an t species in  th e  la rg e r p lo t size (A9- A u ), 
th a t  of th e  rare  species a t  A n  none of the  in v es tig a ted  T F G -s could be f i t te d .

R egard ing  th e  co m m u n ity  as if  i t  w ere th e  p o p u la tio n  o f one h y p o th e tic  
species N refers to  a con tag ious A P w hereas S in d ica tes  a reg u la r one till A 4.

The several IA P -s an d  th e  %2 of goodness o f  f i t  gave th e  sam e resu lts  in  
th e  case of th e  se p a ra te  species and  N. R em ark ab le  difference was a lth o u g h  
in  th e  case of S, w here th e  re g u la r  A P is v e ry fied  b y  th e  ^2-te s t only a t  th e  
sm all p lo ts, below  th e  4 0 x 4 0  cm  size.

These resu lts  suggest t h a t  th e  IA P -s are  good in d ica to rs  of th e  A P  in  
th e  case of th e  ran d o m  an d  ag g reg a ted  ones, b u t  th e  in d ica tio n  of th e  reg u la r 
one can be accep ted  only u n d e r  reserve.

The d e tec ted  ty p e  of th e  A P  is d epend ing  on th e  p lo t size and  on th e  
re la tive  ab u n d an ce  o f th e  species. Too sm all a n d /o r too  large p lo ts are u n a p ­
p ro p ria te  for th e  in v es tig a tio n  o f th e  real A P . In  th e  co m m u n ity  in v es tig a ted  
for th e  d o m in an t species th e  p lo t sizes b e tw een  A 4 an d  A e (2 8 x 2 8  an d  
5 6 x 5 6  cm), for th e  rare  species th e  p lo t sizes be tw een  A 7 an d  A9 (60 X 60 an d  
100 X 100 cm) p roved  to  be ap p ro p ria te .
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EL PROYECTO ZAPATA

D alia  Salabarria  F e r n a n d e z  y A. B o r h id i1

D I R E C C I Ó N  D E L  U S O  R A C I O N A L  D E  L O S  R E C U R S O S  N A T U R A L E S ,

P R O T E C C I Ó N  D E L  M E D I O  A M B I E N T E  Y  N A T U R A L E Z A  (D I M A R N A ) , A C A D E M IA  D E  C I E N C I A S  D E  C U B A  

i  I N S T I T U T O  D E  E C O L O G I A  Y  B O T Á N I C A  D E  L 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 , H U N G R Í A

(R ecib ido: 1 D iciem bre 1982)

P rinc ipa l a n d  p a r tia l  o b jec tiv es, ecological an d  social fu n d a m e n ta ls  of the  
p ro jec t is b rie fly  p re sen te d , th e  genera l schem e of th e  p lan n ed  researches is ou tlined  
an d  th e  ex ecu ting  a n d  p a r tic ip a tin g  in s titu te s  are lis ted . T h e  p ro jec t belongs to  the  
M an and  B iosphere P ro g ram m e of th e  U N ESC O , m ore precise ly  to th e  p ro jec t No. 9. 
“ C on tam ination  o f th e  n a tu ra l ecological system s by  a g ricu ltu ra l a c tiv ity , fertilizer 
an d  pesticide co n su m p tio n .”  E x ec u tio n  of th e  researches is carry in g  on b y  fou rteen  
research  in s titu te s  a n d  o th e r in s titu tio n s  of Cuba w ith  th e  p a r tic ip a tio n  o f th e  experts 
o f th ree  H u n g a rian  in s titu te s  —  a t  th e  ac tu a l period  of th e  in v estig a tio n s. T he f irs t 
re su lts  of th e  jo in te d  hydrobio log ical stud ies are p ub lished  in  th is  vo lum e.

El tem a y sus objetivos

E l titu lo  com pleto  del tem a  de investigación es: In flu en c ia  del im pacto  
h u m an o  re su ltan te  de la  ac tiv id ad  socio-económ ica sobre la  C iénaga de Z ap a ta  
y  el Golfo de B a ta b a n ó  (P royec to  Z ap a ta ).

Su ob jetivo  g enera l es: D e te rm in a r las condiciones ac tuales y  el im pacto  
am b ien ta l sobre la  C iénaga de Z a p a ta  y  el Golfo de B a ta b a n ó , con el fin  de 
e lab o ra r v a rian tes  de m odelos ecológicos que v iab ilicen  la  to m a  de decisiones 
sobre los in crem an tos p lan ificados de producción en las áreas v in cu lad as a 
d ichas zones y  que p e rm ita n , al m ism o tiem po, h acer u n  uso rac io n a l de los 
recursos n a tu ra les  con ten idos en ella y  su protección.

Los objetivos parc ia les son los siguientes:
1. Conocer la  p roporc ión  de m a te ria  orgánica y  o tras  su stan c ias  con­

ta m in a n te s  p ro v en ien tes  de la a g ricu ltu ra  y  de la  in d u s tr ia  que llegan  a la 
C iénaga de Z ap a ta  y  de ella, al Golfo de B atab an ó .

2. D ete rm in ar las ca rac te rís ticas  y  estado  ac tu a l de los p rinc ipales eco­
sistem as te rres tre s  y  acuá ticos ex is ten te s  en el á rea y  el papel que ju e g a n  los 
m ism os en la re lación  Ciénaga-G olfo de B atabanó .

3. V alo rar de fo rm a  in teg ra l, el im pac to  am b ien ta l de la  a c tiv id a d  socio­
económ ica en la región.

4. E lab o ra r v a r ia n te s  de m odelos ecológicos.
5. E lab o ra r recom endaciones p a ra  la  u tilizac ión  m ás rac io n a l de los re ­

cursos n a tu ra les , que in c lu y an  consideraciones económ icas y  sociales.
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Fundam entacion

E l Golfo de B a ta b a n o  situ ad o  en la región su r-o ccid en ta l de C uba, posee u n  área de 
20 850 k m 2 y  una p ro fu n d id a d  m edia  de 6 m . Su to p o g ra fía  se d istingue po r los num erosos 
g ru p o s  y  cordones de cayos que  h a s ta  cierto  pun to , lo d iv id en  en subzonas, d ificu ltando  el 
in te rcam b io  de aguas en  el in te r io r  del m ism o. P or o tra  p a r te , el co n ju n to  de cayos y  bajos 
fo n d o s que lo ro dean  en  el b o rd e  ex te rio r, crea u n a  especie de b a rre ra s , que o b struye  con­
siderab lem en te  el in te rca m b io  con las aguas de m ar a b ie rto  ad y acen te . E ste  cordón ex terio r 
coincide casi con el b o rd e  de  la p la ta fo rm a , cuyo lim ite  e s tá  p e rfec tam en te  definido por el 
a b ru p to  declive del ta lu d  de  la  p la ta fo rm a .

P or o tra  p a r te , la  C iénaga de Z ap a ta , s itu ad a  en  la  costa  su r de la  reg ión  cen tra l del 
pa is , con una  extensión  de 1500 k m 2, en  su porción occiden ta l se en cu en tra  en  con tacto  d irecto 
con el Golfo de B a ta b an ó , c o n stitu y e n d o  u n  área que por sus c rac te ris tic as  p rop ias , desem peña 
u n  p ap e l d e term inan te  en  c u a n to  a la  in te rre lació n  en tre  los ecosistem as te rre s tre s  y acuáticos. 
E n  cu an to  a la porción  o r ie n ta l , tam b ién  ejerce su acción sobre la p la ta fo rm a , m ed ian te  las 
co rrien tes  superficiales, y a  que  co n stitu y e  una  de las á reas de m ay o r in te rcam bio  en tre  el 
Golfo de B atabanó  y  las á rea s  oceánicas adyacentes.

E l borde e x te rio r de  la  C iénaga, en  con tacto  con el m ar , está  co n stitu id o  en m ayor 
p a r te  p o r m anglares, u n o  de los ecosistem as costeros m ás ab u n d an te s  en  n u estro  pais y  de 
g ra n  im portancia , ta n to  p a ra  la fa u n a  te rre s tre  como m arin a .

T an to  el Golfo de B a ta b a n ó , como la Ciénaga de Z ap a ta , por su im p o rtan c ia  socio­
económ ica, han  sido o b je to  a tra v é s  de los años de m u ltip les investigaciones, pero de carác te r 
a is la n d o , con ob jetivos m u y  concretos, que aunque  c o n s titu y a n  u n a  va liosa  inform ación 
b á s ica , no perm iten  h a ce r la  v a lo ración  in teg ral que se persigue  con este t ra b a jo .

E n  cuanto  a su im p o r ta n c ia  socio-económ ica, el á rea  ob je to  de estu d io , co n stituye  una  
zona  de prim era im p o rta n c ia  p a ra  el país, ya  que el Golfo de B a ta b an ó , es u n a  de las áreas
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F ig. 2. A rea de recreación : Cabañas de la L ag u n a  del Tesoro en G uam á. (F o to : A. B o r h i d i )

de pesca m ás ricas de nuestro  pais, c ap tu rán d o se  en  ella , m ás del 80%  de la lan g o sta  que se 
pesca  en  el pais, la que constituye a su vez  u n  im p o rta n te  rub ro  de ex p o rtació n , adem ás del 
peso que tiene  esta  á rea  en la pesquería  to ta l  y  nacional.

L a C iénaga de Z ap a ta  tiene u n a  g ra n  im p o rtan c ia  económ ica, social y  c ien tífica . D esde 
el p u n to  de v is ta  h idro lóg ica  g a ran tiza  la c an tid ad  y  calidad  del m an to  freá tico  de la  v e rtien te  
su r de la  p ro v incia  de M atanzas, en la  cual se desarro lla  uno de los m ayores p lanes c itríco las 
del pais adem ás de im p o rtan te s  áreas de p roducción  cañ era  y  arrocera. Desde el p u n to  de v is ta  
ecológico, in fluye sobre las caracte rís ticas m esoclim áticas de u n a  g ran  p a r te  del á rea ; con­
s ti tu y e  u n  refugio n a tu ra l de m uchas especies de la  flo ra  y  la fau n a , es u n  p u n to  de escala de 
num ero sas especies de aves m ig ra to rias, po r lo que e s tá  p ro p u esta  como u n  á rea  p ro teg id a.

L a  C iénaga es tam b ién  u n a  zona v a lio sa  de ex p lo tació n  forestal. A esto debe agregarse  
los sign ificativos va lores históricos, cu ltu ra les  y  tu rís tico s contenidos en ella.

E l desarro llo  agrícola e in d u stria l de la zona conlleva el uso generalizado de crecien tes 
vo lúm enes de pestic id as y  fe rtilizan tes, en  las áreas c itríco las , cañeras y  a rroceras , u n  au m en to  
de desechos in d u stria les  procedentes p rin c ip a lm en te  de la in d u str ia  azucarera  y  u n  increm en to  
en  la  u tilización  del agua tan to  superfic ia l como su b te rrán e a . Todo lo an te rio r  req u ie re  de 
estu d io s ecológicos in teg rales que p e rm ita n  fu n d a m e n ta r  m edidas adecuadas p a ra  aseg u ra r la 
e s tab ilid a d  de los ecosistem as te rre s tres , costeros y  m arinos, ricos en especies an im ales y  
v eg eta les y  la ex p lo tació n  eficiente y  ra c io n a l de los m ism os, ta n to  a corto  com o a largo  p lazo .

E l p royecto  es, en prim er lu g ar, p a r te  in te g ra l del P rob lem a “ C aracterización  de los 
p rincipales ecosistem as en la p la ta fo rm a  sur de C uba” , del P lan  de P rob lem as P rin c ip a les 
E s ta ta le s  de In v estig ació n  de la R epúb lica  de Cuba, lo que g a ran tiza  la p rio rid ad  nacional 
re q u e rid a  p a ra  su ejecución. Por o tra  p a r te  cu en ta  con el apoyo de los respec tivos Com ités 
E je cu tiv o s  del P o d er P o pu lar de la P ro v in c ia  de M atanzas y  del M unicipio Ciénaga de Z ap a ta , 
lo cual v iab iliza  la  realización  de las ac tiv id ad es en la reg ión , incluyendo la  o b ten c ió n  de
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in fo rm ación , así como la in co rporación  de los c rite rio s  e in te reses locales en la fo rm ulación  de 
recom endaciones.

E n  segundo luger, este  p royecto  se b asa  en  la  co laboración b ila te ra l su b scrita  e n tre  las 
re sp ec tiv a s  A cadem ias de C iencias de Cuba y  H u n g ría , en  c u an to  a la realización  de in v es tig a ­
ciones ecológicas c o n ju n ta s  en  la  zona de referencia .

F in a lm en te , e sta  p ro p u e s ta  se inscribe d e n tro  del P ro y ec to  No. 9 del P ro g ram a  MAB 
de la  U N ESC O : “ E v a lu ac ió n  ecológica de la  in flu en cia  del uso de pestic idas y  fe rtilizan tes 
e jercidos sobre los ecosistem as acuáticos y  te rre s te s”  por lo que se podría  co n ta r con el apoyo 
de este  O rganism o In te rn a c io n a l, el que recib iría  la  co n trib u ció n  y  colaboración de la  A cadem ia 
de C iencias de H u n g ría  a los fines de esta  p ro yecto .

E l á rea  de estud io  h a  sido de lim itado  po r la zona lito ra l desde B a tab an ó  h a s ta  el lim ite 
su r-o rien ta l de la p ro v in c ia  de M atanzas y  po r el n o rte  com prende to d a  la v e rtien te  su r del 
á rea , b a s ta  el p a rte ag u a s  c en tra l.

Actividades a desarrollar

L a ac tiv id ad  de in v estig ac ió n  se ha  ag ru p ad o  en cinco b loques p rincipales de in v es ti­
gación.

I. Aspectos generales

Objetivo: R ecopilar y  p ro cesa r la in form ación  ex is ten te  sobre el área de estud io , fu n d a ­
m en ta lm en te  desde el p u n to  de v is ta  de las carac te ris tica s  fisico-geográficas del área, 
dem ografía  y  a c tiv id a d  económ ica.

II. Ecosistem as terrestres del área agropecuria de la llanura Sur de Habana Matanzas

Objetivo: D eterm in a r las caracte ris ticas de los d is tin to s ecosistem as n a tu ra le s  y  a r tif i­
ciales p resen tes y  los fac to res  am bien ta les y  an tró p ico s que regu lan  ellos.
E l logro de este o b je tiv o  com prende las sigu ien tes ta reas :

1. E studio  de las caracteristicas climáticas ( incluyendo meso- y  bioclimáticas) del área
E jecu to res: In s t i tu to  de M eteorología, ACC (IM ); In s t i tu to  de G eografía , ACC (IG )

2. Caracterización físico-geográfica de la cuenca
—  E stu d io  (in clu id a  cuan tificación) de la in ten sid ad  de los procesos denu d ativ o s,

tra n sp o rta tiv o s , y  acum ulativos
—  M apificación de la s  condiciones físico-geográficas de la  m igración geoquím ica de los

elem entos sobre la  base  de los com plejos te rr ito ria le s  n a tu ra les
E jecu to r: In s t i tu to  de G eografía, ACC (IG )

3. Caracterización fís ic a ,  quím ica y  biológica de los suelos
—  E laborac ión  del m ap a  de uso a c tu a l de los suelos

E jecu to res: I n s t i tu to  de Geografía, ACC (IG ); In s t i tu to  de Suelos, ACC (IS)
4. Caracterización hidrológica e hidrogeológica de la Cuenca

a) H idrología su p erfic ia l del área
—  C arac terización  de los p a rám etro s h idrom eteoro lóg icos de la región
— B alance h idrico  y  su análisis m u ltio b je tiv o
— A porte  su p erfic ia l hidrico  a la p la ta fo rm a

E jecu to r: I n s t i tu to  de H idroeconom ía ( IH E )  con la p a rtic ipación  del In s ti tu to  
de G eografía , ACC

b) H idrología su b te rrá n e a  de la cuenca
—  V ariación  de n iveles y  com posición quím ica
—  E scu rrim ien to  su b te rrán eo
— Cálculo de reserv as
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—  E q u ilib rio  de agua dulce -— agua  salada 
E jecu to r: In s t i tu to  de H idroeconom ía

5. Caracterización de los geosistemas ( inclu ida  ecosistemas) presentes y  su m apificación  
-— C aracterización  y  m apificación  de los geosistem as
— C arac terización  y  m apificación  de los ecosistem as n a tu ra le s  y  artificiales, m a y o r­

m en te  agrícolas
E jecu to re s: In s t i tu to  de G eografía, ACC; In s t i tu to  de B o tán ica , ACC IB

6. D eterm inar la dinám ica de los contam inantes (metales pesados, plaguicidas y  herbicidas) 
en las aguas, suelos, p lantas y  animales de los ecosistemas
—  In v e n ta rio  de las fu en tes  de con tam in ació n

E jecu to re s: D IM A R N A -A C C ; D elegación de ACC en  M atan zas; Centro de In v e s­
tigaciones Pesqueras (C IP )

— In v estig ac ió n  de la m igración  y  acu m u lac ió n  de los c o n tam in an te s  
E jecu to res: In s t i tu to  de Investigaciones de S an id ad  V egeta l (IISV ); C en tro  de

Investigaciones P esq u eras (C IP )
7. A ctiv idad  económica del área

— A ctiv id ad  ag ropecuaria
— L a ac tiv id ad  in d u stria l, en especial: la  in d u s tr ia  azu c are ra  
*—  Sistem a de tra n sp o rte
—  In fra e s tru c tu ra  de los servicios 

E je cu to r: In s t i tu to  de G eografía ACC (IG )

I I I .  E cosistem as de la C iénaga de Z apata

O bjetico: C arac terizar los d istin tos ecosistem as p resen tes en  la Ciénaga, incluyendo  la 
zona lite ra l, y  d e te rm in a r sus facto res am b ien ta le s  y la in flu en cia  socio-económica de la 
reg ión  sobre ellos.
E l logro de este  o b je tiv o  com prende las sigu ien tes tareas :

1. E stud io  de las características climáticas ( incluidas meso- y  bioclimáticas) de la Ciénaga  
E jecu to re s: In s t i tu to  de M eteorología, ACC (IM ); I n s t i tu to  de Geografía, ACC (IG )

2. Caracterización físico-geográfica de la Ciénaga
—  E stu d io  y  cu an tificac ión  de la in te n sid a d  de los procesos denudativos, t ra n s -  

p o rta tiv o s  y  acum ulativos
—  M apificación de las condiciones físico-geográficas de la  m igración geoquím ica de 

los e lem entos sobre la base  de los com plejos te rr i to ria le s  na tu ra les
E je cu to r: In s t i tu to  de G eografía, ACC (IG )

3. Caracterización f ís ic a , quím ica y  biológica de los suelos de la Ciénaga
—  Génesis, c lasificación  y  uso de los suelos p an tan o so s  de la  Ciénaga de Z ap a ta
—  E lab o rac ió n  del m ap a  del uso a c tu a l de los suelos
— M apificación de los suelos orgánicos (to m an d o  en c u e n ta  el indice del g rad o  de 

h u m ificac ión  de las tu rb as)
— A plicar m étodos térm icos de análisis p a ra  c a ra c te riz a r  las tu rb as  de la  C iénaga 

corre lac ionándo las con sus ca rac te rís tica s
—  C aracterización  m icrobiológica de los suelos 

E je cu to r: In s t i tu to  de Suelos ACC (IS )
4. Caracterización hidrológica de la Ciénaga de Zapata

•— C arac terización  de los p a rám etro s  h idrom eteo ro lóg icos de la Ciénaga de Z ap a ta  
-— B alance h ídrico  y  su análisis m u ltio b je tiv o
—  A porte  superfic ia l hídrico a la p la ta fo rm a

E je cu to r: In s t i tu to  de H idroeconom ía ( IH E )  con la  co laboración del In s t i tu to  de 
G eografía , ACC

8 Acta Botánica Hungarica 32, 1986



114 D . S A L A B A R R I A ,  A . B O R H I D I

F ig . 3. V egetación a cu á tic a  en la  costa  sur de la  L ag u n a  del Tesoro. C om unidades de N y m -  
p h a ea  am pia , Thalia  geniculata, T yp h a  dom ingensis, y  bosque de c iénaga  en el fondo con 

B ucida  pa lustris  y  Sabal parviflora . (F o to : A. B o r h i d i )

F ig . 4. A rea de p ro tecc ió n  n a tu ra l:  E l cocodrilo  endém ico de Cuba (Crocodilus rhombifer).
(F o to : A. B o r h i d i )
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5. Caracterización y  m apificación de los ecosistemas presentes en la Ciénaga de Zapata
( incluyendo los de la zona litoral)

—  E stu d io  ecológico y  fitocenológico  de los ecosistem as h e rb aza les , v egetac ión  acu á tica  
y  lito ra l

—  E stu d io , c lasificación  y  m ap ificac ió n  de los d iferentes tip o s  de bosques ex is ten tes  
E jecu to res: D irección de S ilv icu ltu ra  M IN A G R I; D IM A R N A -A C C ; C entro de

Investigaciones F o ré ste le s  (M IN A G R I); In s t i tu to  de B o tán ica , ACC 
(IB )

—  E stu d io  p a ra  el m ajo ram ien to  de bosques degradados 
E jecu to r: C entro  de In v estig acio n es Forestales (C IF )

6. Estudios zooecológicos sobre las poblaciones de algunas m ás interesantes de la Ciénaga 
■— E stu d io s de las poblaciones de dos especies de aves endém icas de h a b itad es

restring idos (F erm in ia  cerverai, Torreonis inexpectata)
E jecu to r: In s t i tu to  de Zoología, ACC (IZ)

—  E stu d io  ecológico de las pob lac iones de cotorra (A m a zo n a  leucocephala) y  ca tey  
(A ratinga euops)
E jecu to r: In s t i tu to  de Zoología, ACC (IZ)

-— E stu d io  sobre las poblaciones n a tu ra le s  del cocodrilo cubano  (Crocodilus rhombifer) 
E jecu to r: In s t i tu to  de Zoología, ACC (IZ)

7. Determinar la d inám ica de los contam inantes en las aguas, suelos, p lan tas y  anim ales de
los ecosistemas

—  In v estig ació n  de la m igración y  acum ulación  de los co n ta m in a n te s
—  L a veg etac ió n  como b io filtro  de los con tam in an tes, en  especial: m ang lares y  

bosque de p a n ta n o
—  D efin ir el im p ac to  de las p e s tic id as  en  la ecología de la  colm ena
—  E lab o ra r m étodos de te lede tecc ió n  y  m apificación de la  d is trib u c ió n  de los con­

tam in an tes
E jecu to res: In s t i tu to  de In v estig acio n es de S an id ad  V egeta l (IIS V -M IN A G R I);

C entro  de In v estig acio n es Pesqueras (C IP ); D IM A R N A -A C C ; E s tac ió n  
de Investigaciones A pícolas (E IA )

8. B ioindicación de la distribución de la contaminación
— B ioindicación de la co n tam in ació n  por p lan tas  superiores 

(acum ulac ión , resistencia , a c tiv id a d  fo tosin té tica)
—  B ioindicación de la co n tam in ació n  por algas
— B ioindicación de los c o n ta m in a n te s  m ed ian te  an im ales, en  especial ab ejas m elíferas 

y  m elíponos
E jecu to res: D IM A R N A -A C C ; E s tac ió n  de Investigaciones Apícolas (E IA )

9. Actividades económicas en la Ciénaga de Zapata
—  E l sitio c ienaguero  y  su función
—  L a exp lo tació n  fo res ta l y  p ro d u cc ió n  de carbón
—  L a cría  de especies y  la  caza
—  Papel de la  pesca  en la econom ía de la zona
— L a ac tiv id ad  in d u stria l; en especial: la extracción y  e laborac ión  de m ate ria le s  de 

construcción
—  Sistem a de tra n sp o rte
—  In fra e s tru c tu ra  de los servicios
—  L a a c tiv id ad  tu rís tic a  en la reg ió n  

E jecu to r: In s t i tu to  de G eografía , ACC (IG)
10. Caracterización social de la Ciénaga de Zapata

—  L as e s tru c tu ra s  dem ográficas y  su  com portam ien to
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F ig . 5. Bosque sem ideciduo de la  Pen insu la  de Z ap a ta , cerca de Soplillar, con e jem plar grande 
de la  ceiba (Ceiba pen tandra)  c u b ie rta  por m asas colgan tes de la b a rb a  españo la  (Tillandsia

usneoides). (F o to : A. B o r h i d i )

—  La e s tru c tu ra  o cu pacional
—  Efecto de las m ig rac io n es en las e s tru c tu ra s
—  C aracterísticas de  po b lam ien to  y  su evolución 

E jecu tor: In s t i tu to  de G eografía, ACC (IG )

IV . Ecosistemas marinos

Objetivo: D eterm in ar la  in flu en cia  de la  C iénaga de Z ap a ta  y  de la  ac tiv id ad  socio­
económ ica de la reg ión  so b re  los d istin to s ecosistem as m arinos de la p la ta fo rm a  en función 
de su potencial p ro d u c tiv o .

E l logro de este o b je tico  requ iere :
1. Determinar las características fís ica s y  quím icas de los principa les biótopos (estuarios, 

seibadales, arrecifes coralinos etc) de la p lataform a
— C aracterísticas h id ro lóg icas e h idroquím icas
— Circulación de las ag u as

D istribución y  c a rac te rizac ió n  de los sed im entos
E jecutores: In s t i tu to  de Oceanología, ACC (IO C ); C entro  de Investigaciones 

P e sq u e ra s  (C IP )
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—  Procesos de E u tro ficac ió n
—  C arac terísticas c lim áticas del área

2. Caracterización biológica de los biótopos y  ecosistemas m arinos de la p la ta form a  —  
estudio de la estructura de las comunidades en ecosistemas m arinos
—  D istrib u c ió n , com posición cu a lita tiv a  y  c u a n ti ta tiv a  de la producción b a c te r ia n a  

h e te ró tro fa
—  V ariaciones tem p o ra les  de la población  b a c te ria n a  en  re lac ió n  con algunos fa c to res  

abió ticos
E je cu to r : In s t i tu to  de Oceanología, ACC (IOC)

—  C om unidades ben tó n icas de m acro-, m eso- y  f ito b e n to s
—  en  la  m acro lag u n a  del Golfo de B a tab an ó
—  en  arrecifes, se ibadales y  m anglares a ledaños 

E je cu to r: In s t i tu to  de Oceanología, ACC (IOC)
—  en la  ensenada  de la Broa

E je cu to r: C entro  de Investigaciones P esq u era  (C IP )
— en la  zona Sur de la  Pen insu la  de Z ap a ta , en arrec ifes y  lagunas p rearrec ifa les  

E je cu to r: C entro  de Investigaciones M arinas (CIM)
—  P la n c to n  en los b ió topos rep re sen ta tiv o s de la lan g o sta  

E je cu to r: In s t i tu to  de O ceanología (IOC)
3. D eterm inar las características y  distribución de los contam inantes en los ecosistemas y  en  

las especies m as importantes marinas
■— C arac terización  de los d is tin tos c o n tam in an te s  p re sen te s  en el agua y  sed im en tos, 

sobre todo  el n ivel de los organoclorados
—  D e te rm in a r el n ivel de organoclorados en la lan g o sta  

E je cu to r : In s t i tu to  de Oceanología, ACC (IOC)
N ota: L as investigaciones hidrobiológicas se e jecu tan  p a ra le la m e n te  en los In s t i tu to s  

m encionados en  u n a  d iv is ión  geográfica:
E l In s t i tu to  de O ceanología tra b a ja  en el Golfo de B a ta b a n ó

Fig. 6. Uso de los bosques de la ciénaga: cam po de carboneros cerca  de M eneadero C hiqu ito .
(F o to : A. B o r h i d i )
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E l Centro de las Investigaciones P esq u e ras  en la E nsenada  de la  B ro a , y  el C entro 
de Investigaciones M arinas en la zona S ur de la  Peninsula de Z a p a ta  (Golfo de Cazones)

4. M apificación  de la vegetación de la cayeria adyacente a la P en in su la  de Zapata  y  su  
dinámica
E jecu to r: In s t i tu to  de B o tán ica , ACC (IB )

Y . A nálisis in teg ral de los resu ltados
O bjetico: E la b o ra r las recom endaciones p a ra  la  u tilización  racional y  la  p ro tección  de la 
zona objeto  de estud io .

E l logro de este  o b je tiv o  com prende las sig u ien tes  tareas:
1. A na lizar los resultados obtenidos en cada uno de los aspectos considerados, incluyendo  

el tratamiento estadístico adecuado
2. Elaborar variables de modelos ecológicos
3. Elaborar recomendaciones para la u tilización racional, asi como la protección de la zona 

objeto de estudio, incluyendo consideraciones económicas y  sociales

C olaboración In tern acio n a l

L a  colaboración b ila te ra l en tre  la A cad em ia  de Ciencias de C uba y  la A cadem ia de 
C iencias de H u n g ría  com enzó hace vein te  años y  se ha  desarrollado de m an e ra  creciente y  
e fec tiv a  d u ran te  este periodo.

L a  colaboración e n tre  am bas A cadem ias d e n tro  del p rog ram a M A B , se b asa  en  la 
in v es tig ac ió n  c o n ju n ta , asi como la asesoría y  en tren am ien to  del p e rso n a l cubano en  los 
s ig u ien te s  aspectos:
1. F ís ica , quím ica y  m icrobiológia de los suelos.
2. Q uím ica de pestic idas.
3. In v estig ac ió n  y  m etodolog ía  p a ra  el estud io  de los procesos de eu tro ficac ión .
4. In v e stig a c ió n  sobre los ecosistem as te rre s tres  y  lito ra les, incluyendo b io indicación.
5. E lab o rac ió n  de m odelos m atem ático s de c ircu lac ión .
6. U tiliz ac ió n  de la c o m p u tad o ra  en sentido  genera l.
7. A nálisis económ ico de las recom endaciones p ro p u e s ta s . E laboración de v a r ia n te s  de m an e jo
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In tro d u c tio n

I n  1981 on th e  in itia tiv e  of th e  A cadem y of Sciences o f C uba Cuban and  H u n g a rian  
ecologists e lab o ra ted  a n  in te rn a tio n a l p rogram m e fo r e n v iro n m en t p ro tec tion  to w h ich  th e y  
were g iven  assistance  b y  th e  UN ESCO an d  U N E P . T he resea rch  w o rk  falls w ith in  th e  p ro jec t 
No. 9 of th e  MAB p rogram m e of UN ESCO tit le d  “ C o n tam in atio n  of n a tu ra l ecological system s 
b y  ag ricu ltu ra l a c tiv ity , fertilizer and pestic ide  co n su m p tio n ” .

The site o f research  is an  ab o u t 15 000 k m 2 a rea  in  th e  so u th e rn  p a r t  of C en tra l C uba 
w ith  the  n a tiv e  m oor- and  forest covered Z ap a ta  pen insu la  in  th e  cen tre , of w hich th e  p ro je c t 
was nam ed  Z ap a ta  P ro jec t. In  th e  w ork 12 C uban  an d  3 H u n g a rian  research in s t i tu te s  hav e  
jo ined  so far. T he resea rch  w ork covers th ree  closely con n ec ted  regional un its . T he f i r s t  of 
th em  is a h igh ly  im p o r ta n t ag ricu ltu ra l area  on  th e  so u th e rn  fe rtile  lowlands of th e  p rov inces 
H a v an n a  an d  M atanzas, w ith  deep latosolic, red  tro p ica l soils on  w hich intensive su g a r cane, 
c itru s and  o th e r f ru it  p ro d u c tio n  is carried  on and  ex tensive  rice  fields and pig- a n d  p o u ltry  
farm s are  found.

All these  cause co n tam in a tio n  to th e  surface  and su b su rface  w aters of th e  a rea  due, 
on th e  one h a n d , to  th e  considerable volum e of fe rtilizer a n d  pestic ide  used, on  th e  o th e r 
h an d  w ith  th e  liqu id  m an u re  p roduction . The w aters  flow ing so u th w ard s carry  th e  c o n ta m in a ­
tio n  to  th e  second reg ional u n it, th e  Z ap a ta  p en insu la . This a rea  is a v a s t na tive  m oor sim ilar 
to  th e  fam ous F lo rid an  E verg lades, w ith  n a tio n a l p a rk s , b ird - a n d  crocodile re se rv a tio n s an d  
trop ical forests.

T he ho liday  an d  to u ris t cen tres of th e  a rea  (G uam á, L ag u n a  del Tesoro, P la y a  L arg a) 
as well as th e  places o f h istorical fam e in th e  n e ighbourhood  of the  Pig B ay (P la y a  G irón) 
are of special value .

T he co n tam in a tio n  accu lum ating  in th e  s ta g n a n t w a te r  o f th e  m arshy b asin  en d an g e r 
the flo ra  and  fau n a  of th e  reserva tions an d  th e  hygiene of th e  re c re a tio n  area. F in a lly , th ro u g h  
the  w a te r system  of th e  Rio Negro th e  w a ters  of th e  form er tw o  a reas reach  the  th ird  reg io n a l 
u n it, th e  B a ta b an o  B ay  w ith  its 6 m  average  d e p th  of w a ter. T h is  b a y  is the  m ost im p o r ta n t 
basis of c ryfish  an d  sponges fishing in C uba, supply ing  80 pe r cen t of the  c ray fish  ex p o rts  
from  th e  co u n try . T his h ighly  im p o rta n t econom ic resource is also th rea ten ed  by  c o n ta m in a ­
tions whose accu m u la tio n  is b u t  sligh tly  co u n te rb a lan ced  by  th e  sea currents.

In  a d d itio n  to  solving num erous p rob lem s of e n v iro n m en t p ro tec tion  th e  resea rch  
program m e has th e  u ltim a te  purpose of e lab o ra tin g  a n  ecologic-econom ic m odel w h ich  finds 
th e  r ig h t ra tio  be tw een  ag ricu ltu ra l developm en t, effic ient fish in g  and  the in te res ts o f to u rism  
an d  en v iro n m en t p ro tec tio n .
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To approach  th e  a im  we se t ourselves we h a d  to  follow the  changes in  th e  b iological 
q u a li ty  o f surface w a te rs  fro m  th e  a g ricu ltu ra l a rea s to  th e  bay. Since th e  w a te rs  of th e  ag ri­
c u ltu ra l  areas are re g u la rly  an alysed  a t  th e  la b o ra to ry  of the  C uban W a te r  M anagem ent 
In s t i tu te  in  M atanzas P ro v in ce , an d  th e  w a te r  q u a li ty  o f th e  B atab an o  B ay  is con tro lled  by  
th e  re sea rch  cen tre  o f fish in g  (C IP ) i t  seem ed necessa ry  to  exam ine th e  w a te rs  o f th e  Z ap a ta  
P en in su la , th e  region o ccupy ing  a k ey  position  b e tw een  th e  two system s. I n  A p ril-M ay  1983 
H u n g a ria n  experts an d  spec ia lis ts  o f th e  Com m ission of R a tional Use of N a tu ra l  R esources, 
P ro te c tio n  of N a tu re  a n d  E n v iro n m e n t (C O M A R N A ), C uba, organized tw o ex p ed itio n s to  th e  
L a g u n a  del Tesoro a n d  th e  r iv e r system  of R io N egro  a n d  Rio H atig u an ico , as well as to  th e  
w a te r  co n d u ct system  of th e  Z ap a ta  m oorland  in  o rd e r to  determ ine th e  m a jo r  tro p h ic  c h a r­
ac te ris tic s  of these w aters.

M aterial and  m ethod

In  th e  course o f th e  expeditions, for tw o w eeks in A pril-M ay 1983, we carried  on  a 
f ie ld -su rv ey  of th e  p H , w a te r  tem p e ra tu re  and  d issolved oxygen c o n ten t o f still w aters and  
r iv e rs  in  th e  Z ap a ta  P en in su la , to  th e  full d e p th  of th e  b o d y  of w ater, a t  28 m easu ring  s ta tio n s  
(F ig s 1 an d  3) w ith  an  A quacheck-3  ty p e  (R A D E L K IS  m ade) portab le  in s tru m e n t.

A t each s ta tio n  we stu d ied  th e  com position  a n d  s tra tifica tio n  of th e  v eg eta tio n , and  
co llected  sam ples for th e  d e te rm in a tio n  of th e  d isso lved  organic carbon (D O C ) co n cen tra tio n  
of w a te r , and for th e  p u rposes o f p h y to p la n k to n  ex am inations. The d e te rm in a tio n  of DOC 
w as carried  ou t w ith  a B eck m an  TOC analyser b y  I s tv á n  H o f f m a n ,  w o rk er a t  th e  V IT U K I 
(R e se arc h  In s ti tu te  for W a te r  M anagem ent).

In  th e  L ag u n a  del T esoro, a t  th e  m easu ring  s ta tio n s  1 and 2 (Fig. 3) we m easured  th e  
changes o f oxygen sa tu ra t io n  and  te m p e ra tu re  in th e  w a te r  colum n every  3 h o u rs  in  a 24-hour 
cycle, in  order to e s tim a te  th e  p rim ary  p ro d u c tio n . F ro m  the  24-hour cu rves o f oxygen we 
c a lcu la te d  th e  daily  p r im a ry  p ro d u c tio n  w ith  O d u m ’ s  (1958) m ethod im p ro v ed  b y  O l á h  e t al. 
(1977). T he O d u m ’ s  m eth o d  generally  used for th e  ev a lu a tio n  of the  da ily  oxygen  curves is 
b a se d  on th e  a ssu m p tio n  th a t  th e  resp ira tio n  ca lcu la ted  for the n ig h t rem ain s c o n s tan t 
th ro u g h o u t th e  day . T he m eth o d  we use e lim inates th is  deficiency of th e  O d u m ’ s  m eth o d  by  
su p p o sin g  a positive  co rre la tio n  betw een th e  oxygen  co n cen tra tio n  and th e  resp ira tio n .

T he w a ter sam ples tak e n  for th e  purpose  of p h y to p lan k to n  ex am in a tio n  w ere p re ­
se rv ed  w ith  Lugol so lu tio n , and  th e  q u a n tita tiv e  analyses were carried  o u t  w ith  reversed  
p la n k to n  m icroscope.

T he d a ta  o b ta in e d  w ere com pared  to  th e  re su lts  of exam inations m ad e  by th e  Z oo­
log ica l In s ti tu te  of th e  A cadem y of Sciences o f C uba on th e  L aguna del T esoro  5 years earlier, 
a n d  fro m  th e  com parison  conclusions were d raw n  o n  th e  tendencies of changes.

R esults and  discussion

A) L A G U N A  D E L  T E S O R O

T he m oor lak e  w ith  its  9 k m 2 surface of b ro w n  w a te r is the la rg est fresh -w ate r lake 
of C uba. The lake is su rro u n d ed  b y  th e  p e a ty  m u d d  of th e  Z apata  m oor in te rsp ersed  w ith  
g ro u p s  of Cladium  an d  fan -p a lm ; i t  has a m ax im u m  d e p th  of 11 and an  av erag e  d ep th  of 3 -4  
m etres . In  th e  so u th -w este rn  and  eas te rn  p a r t  of th e  lak e  there  are severa l sm allish  islands 
w ith  to u ris tic  e s tab lish m en ts  b u ilt on  them .

A considerable p ro p o rtio n  of th e  lake is covered  b y  aquatic  v e g e ta tio n , th e  d o m in an t 
co m p o n en ts  of w hich  a re : Chara domingensis, a s to n ew o rt species w hich covers the  b o tto m  
som e 1.5 m  high, an d  th e  s im ilarly  subm erged N a ja s  guadelupensis w hich  reaches a h e ig h t 
o f 2 -2 .5  m . The p la n t  fo u n d  in  th e  larg est q u a n titie s  an d  alm ost everyw here  in  the  lake is
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Fig. 2. D istrib u tio n  of m ac ro p h y te  s tan d s in th e  L ag u n a  del Tesoro in  1979. (M ade b y  the  
I n s t i tu te  o f Zoology of th e  A cadem y of Sciences o f C uba.) — 1. Potamogeton illin o en sis; 
2. Vallisneria neotropicalis ; 3. C ladium  jam aicense; 4. Schoenoplectus am ericanus; 5. Chara 

dom ingensis ; 6. W ate r ta b le  w ith o u t vegeta tio n

th e  3—4 m  high Vallisneria neotropicalis. T he la rg es t size aqu atic  p la n t o f th e  lake is th e  Pota­
mogeton illinoensis; its  stem s a n d  leaves rise to  the  surface and m ay  re ac h  a h e ig h t o f 4-5  m. 
T h e  a q u a tic  v eg e ta tio n  in clu d es flo a tin g  w eeds: Utricularia foliosa  a n d  U. juncea.

T he appearance of Potamogeton illinoensis  o f all th e  weed species lis ted  can  h av e  u n ­
p le a sa n t consequences in so fa r as its  m ass re p ro d u c tio n  m ay  h in d er th e  n a v ig a tio n  an d  the  
to u r is tic  use of the  w a te r  —  in c lud ing  fishing.

A ccording to  th e  su rv e y  m ade b y  th e  Zoological In s ti tu te  o f th e  A cadem y of Sciences 
o f C uba in 1979 Vallisneria neotropicalis s ta n d s  w ere found  everyw here  in th e  lake, while 
p o n d w eed  only covered o n e -th ird  of th e  w a te r  su rface  (F ig. 2). T his p ic tu re  is sim ilar to  th e  
one th a t  B o r h i d i  o bserved  in  1970 and re p ea te d ly  contro lled  in  1974 an d  1975, w ith  the  
d ifference  th a t  the  Potamogeton  s tan d s ap p eared  th e n  on ly  on 10 per c en t o f th e  w a te r  surface.

O ur survey  in  1983 show ed th a t  in th e  p rev ious five years th e  w eed g ro w th  of th e  lake 
fu r th e r  increased , an d  to d a y  th e  Potamogeton s ta n d s  cover some 60 pe r cen t of th e  w a ter 
su rface  (Fig. 3).

In  th e  course of s tu d y in g  th e  s tru c tu re  o f th e  aq u atic  v e g e ta tio n  we found  th a t  the  
m en tio n ed  change in  i t  d id  n o t  com e ab o u t th ro u g h  th e  rep lacem en t o f c e rta in  weed species 
b y  o th e rs , h u t during  th e  succession  the  weed species living a t d iffe ren t d ep th s o f th e  w ater 
fo rm ed  a m ultilevel co m m u n ity  of v ery  large  b iom ass. T he f irs t stage in  th e  succession of th is 
m u ltile v e l aq u atic  v e g e ta tio n  is rep resen ted  b y  s to n ew o rt (Chara dom ingensis) m a ts  covering 
th e  b o tto m . I t  is in th is  m a t  t h a t  in d iv iduals o f the  spinose pondw eed (N a ja s guadelupensis) 
p o p u la tio n  se ttle  fo rm ing  a h igher s to ry  of v eg e ta tio n . The n ex t ph ase  of succession is the  
a p p ea ran c e  of Vallisneria neotropicalis, f irs t  one b y  one, th en  in m asses, w ith  a p a ralle l th in ­
n in g  o f th e  populations o f low er stories. T his Vallisneria  m a t reaches to  th e  surface of the  
w a te r . B etw een th e  levels o f Vallisneria  and  N ajas  th e  aq u atic  an im als f in d  a rich  supp ly  of
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Fig. 3. D istrib u tio n  of m ac ro p h y te  s ta n d s  in  th e  L aguna del Tesoro in 1983, and  sam pling  
s ta tio n s  1-3 on  th e  lake . Made b y  A . B o r h i d i  and L. V örös (for signs see Fig. 2)

oxygen  and  o p tim u m  b edd ing  w hich is favourab le  for th e  ap p earan ce  of in sect-ca tch ing  
flo a tin g  w ater-w eed species. F inally , as th e  la s t successional s tage  of th e  a q u a tic  v eg eta tio n  
th e  large-sized  w a ter sp ike form s stan d s.

T he s tru c tu re  o f  th e  w ater w eed  com m unities is re fle c te d  in  th e ir  p h o to sy n th e tic  
a c tiv ity , and  in  th e  v e r tic a l s tra tif ic a tio n  of th e  dissolved oxy g en  as well. In  th e  m iddle  of 
th e  lake (F ig . 3, s ta tio n  1) Vallisneria  is th e  dom inant p lan t, here  th e  co m m u n ity  has th ree  
sto ries . In  th e  early  a f te rn o o n  hours on  4 M ay th e  oxygen s a tu ra tio n  of the  28.0 °C w a te r  was 
as Ы gh as 180 per cen t, w hich  sligh tly  decreased  w ith  th e  d e p th  a n d  was 80-90 pe r cen t even 
a t  a d e p th  of 5.5 m , n e a r  th e  bo tto m . I n  th e  n igh t hours th e  te m p e ra tu re  of th e  w a te r  was 
27.5 °C, th e  oxygen sa tu ra t io n  130 pe r c e n t on the  surface a n d  10 p e r cen t n ea r th e  b o tto m  
(F ig . 4a). Ju d g in g  b y  th e  24-hour curve o f  oxygen the  gross p r im a ry  p ro d u c tio n  pe r u n it  area  
w as 29.42 g 0 2/m 2/d ay .

In  th e  fo u r-sto ried  co m m unity  o f a  shallow er p a r t of th e  lak e  (F ig . 3, s ta tio n  2) Potamo- 
geton is th e  do m in an t species. In  th is w eed  com m unity  w hich w as denser th a n  th e  fo rm er one 
th e  m ax im u m  value of th e  oxygen c o n ce n tra tio n  reached 200 pe r cen t in th e  early  a fte rnoon  
hours of 4 M ay, w hen  th e  w a ter te m p e ra tu re  was 28 °C. H ere  th e  decrease in  th e  oxygen 
co n ce n tra tio n  was s teep e r th a n  in s ta n d s  characterized  by  th e  dom inance of Vallisneria, 
ow ing to  th e  self-shading of th e  th ick  s ta n d . N ear the  b o tto m , a t  a d e p th  of 2 .5 -2 .7  in anaerob ic  
cond itions occurred th ro u g h o u t the  d a y . H ere th e  f lu c tu a tio n  of th e  oxygen c o n te n t in  th e  
course o f the  day was also h igher th a n  in  th e  form er p lan t s ta n d ;  on  th e  surface th e  m in im um  
oxy g en  sa tu ra tio n  was 110 per cen t in  th e  n ig h t hours in  th e  27 °C w a te r  (Fig. 4b). In  spite 
o f th e  h igher oxygen sa tu ra tio n  n ear th e  surface the  daily  gross p rim ary  p ro d u c tio n  was 
low er —  2.52 g 0 2/m 2 —  here th a n  in th e  m iddle  of th e  lake. T he low er p ro d u c tio n  pe r u n it 
surface  a rea  was due to  th e  fac t th a t  o w ing  to  th e  shallow ness o f th e  w a te r  and  th e  in tensive  
se lf-shad ing  effect o f th e  th ic k  p la n t s ta n d  th e  p h o to sy n th e tica lly  active  zone was narrow er 
here. In  th is case th e  m eth o d  certa in ly  u n d erestim ates  th e  p r im a ry  p ro d u c tio n , because it 
leaves th e  oxygen p ro d u c tio n  by  th e  ab o v e-w a te r  p a rts  of th e  Potamogeton  o u t o f considera tion .
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F ig . 4. V ertical changes in  o x y g en  sa tu ra tio n  and w a te r  te m p e ra tu re  (°C) in  th e  L aguna del 

T esoro  (a =  s ta tio n  1, b =  s ta tio n  2, c =  s ta tio n  3)

Photosynthesis w as e a rlie r  m easured  in  th e  L ag u n a  del Tesoro b y  S t r a s k r a b a  e t al. 
(1969) who determ ined th e  p r im a ry  p ro d u c tio n  of th e  p h y to p la n k to n  b y  d a rk -lig h t b o ttle  
m e th o d , w ith  oxygen in d ic a tio n . A ccording to  th e  re su lts  th e  p rim ary  p ro d u c tio n  of the 
p h y to p la n k to n  was 120 m g 0 2/ in 2/h o u r w hich a p p ro x im ate ly  corresponds to  a daily  value of 
1.44 g 0 2/m 2 i.e. a 20-tim es low er p ro d u c tio n  th a n  th e  one we o b ta in ed  in  th e  m iddle of the 
lak e . T his difference does n o t ,  how ever, m ean  a 20-fold increase  in  th e  p ro d u c tiv ity  of the 
lak e . I n  the  L aguna del T eso ro  th e  p lan k to n ic  p rim ary  p ro d u c tio n  c an n o t be  h igher to d ay  
th a n  w hen S t r a s k r a b a  e t a l. m easu red  it;  th e  w a te r o f th e  lake is even now  tran sp a re n t to 
th e  b o tto m  and poor in  p h y to p la n k to n . In  1969 th e  b iom ass o f th e  p h y to p la n k to n  was 0.29 
mg/1 ( S t r a s k r a b a  e t al. 1969), in  1983 we m easured  0.23 mg/1 a lga-biom ass in  th e  sam e place.
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T he difference is ex p la ined  by th e  fa c t  th a t  a decisive p ro p o rtio n  of th e  p rim ary  
p ro d u c tio n  comes from  m ac ro p h y te s  w hose p ro d u c tio n  is n o t  m easu red  b y  th e  d a rk -lig h t 
b o ttle  m ethod . In  w a ters  w ith  extensive  m ac ro p h y te  s tands th e  p rim a ry  p ro d u c tio n  can  only 
be m easu red  w ith  m eth o d s based  on changes in th e  oxygen c o n te n t of th e  w a ter. W e can  say 
th a t  in  th e  L aguna  del T esoro  th e  b en th ic  p r im a ry  production  exceeds by  o rders o f  m agn itude  
th e  p rim a ry  p roduction  of th e  p h y to p la n k to n ; th e  29.42 g 0 2/m 2/d a y  ( =  9.2 g C /m 2/day /gross 
p ro d u c tio n  ran k s i t  w ith  th e  h igh  p ro d u c tiv ity  lakes of the  w orld.

A t th e  m o u th  of th e  canal connecting  th e  lake w ith  th e  L ag u n a  N uev a  (F ig . 3, s ta ­
tio n  3) in  th e  1.6 m  deep w a te r  th e  species Ceratophyllum echinatum  and  N ym phaea  ampla  
occur in  m asses. In  th is v e ry  th ic k  v eg e ta tio n  th e  oxygen s tra tif ic a tio n  is even m ore in tensive  
th a n  in  th e  fo rm er tw o s tan d s . A t 3 p .m . on  5 M ay we m easured  202 per cen t oxygen  sa tu ra ­
tio n  on th e  surface of th e  33 °C w a te r; a t  a d e p th  of I m  th e  oxygen  sa tu ra tio n  was only 
94 p e r cen t and  decreased to  17 pe r cen t n e a r  th e  bo ttom . T he te m p e ra tu re  d id  n o t  change 
w ith  th e  d ep th  (Fig. 4c).

Owing to th e  th ic k  w ater-w eed  s ta n d s  th is  canal is n o t nav igab le  by  m o to r b o ats , 
these  w a te r  areas do n o t serve th e  purpose  of e ith e r recreatio n  or to u rism ; a t  th e  sam e tim e 
th e  filling  u p  succession accelerates , on th e  oxy g en  deficient deposit surface th e  m ineraliza tion  
slows dow n w hereby th e  bed  is filled u p  a t  a  h igher ra te . T he overg row th  of w eed p lan ts 
g re a tly  reduces th e  use-value  of th e  L ag u n a  del Tesoro, and a t  th e  sam e tim e forecasts its 
tu rn in g  sw am py w ith in  a re la tiv e ly  sh o rt tim e ; consequently , w ith  th e  view of sav ing  the  
lak e  th e  weed stan d s m u s t he e rad ica ted  a n d  th e  causes of w ater-w eeds overgrow ing  th e  
lak e  e lim inated . The causes lie in th e  fa c t t h a t  th e  lake is overloaded  w ith  p la n t  n u trie n ts  
w h ich , in  tu rn , is re la ted  w ith  th e  ex tensive  rice fields found  in  th e  ca tch m en t area . T he role 
of th e  la t te r  in  loading th e  lake w ith  p la n t n u tr ie n ts  is p u t to e x am in a tio n  in 1984.

B) W A T E R  SYSTEM O F R IO  N E G R O  A N D  R IO  H A TIG U A N IC O

I t  is th e  largest co n tin u o u s w a ter sy s tem  of th e  Z ap a ta  P en insu la  w hich  besides the  
R io N egro and  Rio H a tig u an ico  and  th e ir  m in o r a ffluen ts includes canals dew ate rin g  th e  area 
(F ig . 1). In  stu d y in g  th e  w a te r  system  we s ta r te d  from  a canal (F ig . 1, s ta tio n  1), and  com ­
p le ted  o u r investiga tions w here  th e  Rio H a tig u an ico  flows in to  th e  B a tab an o  B ay  (F ig. 1, 
s ta tio n  15). O xygen m easu ring  in  th e  w a te r sy s tem  was perform ed on 6 M ay 1983, be tw een  2 
a n d  5 p .m ., in  the  p robab le  period  of daily  m ax im a.

In  th e  canal flow ing in to  th e  Rio N egro , a t  a spot fa rth e r  b ack  from  th e  m o u th  (F ig. 1, 
s ta tio n  1) Vallisneria neotropicalis form s a th ic k  s tan d  w ith a cover o f 80-90 pe r cen t. The 
u p p e r  th ird  o f th e  leaf-b lade flo a ts  on th e  w a te r  surface spread in  a th ick  layer, o ften  covered 
b y  filam en to u s algae. T he th ick n ess of th e  s ta n d  is increased b y  th e  Utricularia fo liosa  f lo a t­
ing subm erged  in  th e  u p p e r h a lf-m etre  la y e r  o f w ater. The V allisneria  s tan d  is in te rp ersed  
w ith  single p lan ts  of Potamogeton illinoensis. I n  th e  th ick  Vallisneria  s tan d  th e  dissolved 
oxy g en  show ed in tensive  v e r tic a l s tra tif ic a tio n ; th e  oxygen s a tu ra tio n  was 140 pe r cen t on 
th e  surface , its value  decreased  ra p id ly  w ith  th e  d ep th  to fall to  m ere  80 per cen t above the  
b o tto m  (F ig . 5a). The w a te r  tem p e ra tu re  w as 27 °C, th e  p H  v alue  8.1.

B efore join ing  th e  r iv e r th e  canal is m o d era te ly  overgrow n by v eg e ta tio n  (F ig. 1, 
s ta tio n  2). As a visible sign o f th e  decreased  tro p h ic  condition  th e  cover of th e  Vallisneria  
s ta n d  is on ly  30-40 per cen t, an d  th ere  a re  n e ith e r  rooting  nor flo a tin g  w ater-w eeds in it. 
D ue to  th e  th in n ed  v eg e ta tio n  th e  oxygen sa tu ra tio n  does n o t change w ith  th e  d e p th , i t  is 
u n ifo rm ly  120 per cen t in  th e  tra n sp a re n t 27 °C w ater. The w a te r  is rich  in  dissolved organic 
m a tte r ,  th e  DOC c o n cen tra tio n  is 22.6 mg/1, th e  pH  value 7.5. T he low er value  of pH  and 
low er oxygen  sa tu ra tio n  are also ind ica tive  o f a reduced  tro p h ic  s ta te .
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F ig . 5. V ertical changes in  oxy g en  sa tu ra tio n  and  w a te r tem p e ra tu re  (°C) in th e  w a ter system  
of Rio N egro (a =  s ta tio n  1, b =  s ta tio n  2, c =  s ta tio n  5, d s ta tio n  6)

In  the  Rio N egro , a f te r  th e  place w here th e  canal jo ins i t  (F ig . 1, s ta tio n  3) m acro ­
p h y te  vegeta tion  no longer ap p ea rs  on th e  surface as a fu r th e r  sign of th e  reduced  tro p h ic  
s ta te ,  an d  the w a te r is t r a n s p a re n t  dow n to th e  b o tto m . A t th e  sam e tim e , i t  m u st also be 
ta k e n  in to  consideration  t h a t  th e  h a rd  rocky  bed is n o t  favourab le  for large size p lan ts  to 
se ttle . A t the  b o tto m  of th e  r iv e r, a t  a d e p th  of 3-3.5 m  a 20-30 cm  th ic k  Chara m a t develops. 
T h e  oxygen sa tu ra tio n  is o n ly  80 pe r cen t on the  surface , and  th is v a lue  is ch aracte ris tic  of 
th e  w hole body of w a te r  e x c e p t above th e  b o tto m  in  th e  Chara m a t w here i t  rises steeply  to  
140 pe r cent. The te m p e ra tu re  of w a te r  is 27 °C over th e  full colum n of w a te r , and  th e  value  
o f p H  is 7.3.

The fu rth e r 2 -3  k m  long  s tre tc h  of th e  Rio N egro is overgrow n b y  Vallisneria, because 
below  th e  inflow  of th e  E l R oble  sed im en t accum ula tes a t  b o th  sides of th e  river bed. The
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loose s tan d s of Vallisneria  in  th e  v ic in ity  o f  m in o r affluen ts flow ing  in to  th e  r iv e r a re  covered 
b y  m ucous algal coating . A t the sam p lin g  s ta tio n  4 (Fig. 1), ow ing to  th e  p h o to sy n th es is  of 
th e  re la tiv e ly  rich  v eg e ta tio n  the  oxygen  sa tu ra t io n  is considerab ly  h igher (140—150 per cent), 
v e r tic a l s tra tif ic a tio n  does n o t develop, th e  w a te r  tem p era tu re  is 27 °C, th e  p H  rises h ere  to  7.6.

A t s ta tio n  5 (F ig . 1) th e  Vallisneria  s ta n d  d isappears fro m  th e  r iv e r, an d  in  th e  3.5 m  
deep rocky  riv e r bed  th e  20-30 cm  th ic k  Chara m a t reappears . T he te m p e ra tu re  of w a te r  is 
26 °C, its  oxygen sa tu ra tio n  to  a d e p th  o f 3 m  ab o u t 100 per c en t, rising  above 200 p e r cen t 
in  th e  Chara m a t  a t  th e  b o tto m  (F ig . 5c).

T ow ards th e  m o u th  of th e  Rio N egro  th e  f irs t  m ajo r w a te r  flow ing  in to  i t  fro m  th e  so u th  
is th e  R io Azul, or by  a n o th e r nam e L os C ristales; its b row n w a te r  a t  th e  m o u th  is t r a n s ­
p a re n t to th e  b o tto m  (3-3 .5  m ) (F ig . 1, s ta tio n  6). The r iv e r  is com posed of tw o n a rro w  
b ran ch es com plete ly  shaded  by  m an g ro v e  v eg e ta tio n . Owing to  th e  ro ck y  b o tto m  an d  in te n ­
sive shad ing  m acro p h y tes  are a lm ost to ta l ly  ab sen t from  th e ir  beds. T he ro ck y  b o tto m  is 
covered  by  th e  fa llen  leaves of th e  m an g ro v e  trees. The oxygen  co n d itions also indicace th e  
lack  of p h o to sy n th es is by  a q u a tic  p la n ts , a n d  th e  prevalence o f decom posing processes; the  
oxy g en  sa tu ra tio n  is ab o u t 60 pe r cen t o n  th e  surface and  40 p e r  c en t n ear th e  b o tto m , th e  
w a te r  tem p e ra tu re  is 25 °C, th e  p H  value  is low , 7.1 (Fig. 5d).

m

a)

m

c)

m

m b)

d)

Fig. 6. V ertical changes in oxygen s a tu ra tio n  a n d  w a ter te m p e ra tu re  (°C) in  th e  w a te r  system  
of R io N egro (a =  s ta tio n  7, b =  s ta tio n  8 , c =  s ta tio n  9, d  =  s ta tio n  10)j J
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A fte r th e  inflow  o f th e  R io A zul (F ig . 1, s ta tio n  7) th e  cond itions in  th e  Rio Negro 
are  s im ilar to  those above th e  m o u th , b u t  u n d e r th e  in fluence  of th e  w a te r  fro m  th e  Rio Azul 
th e  oxy g en  sa tu ra tio n  is so m ew h a t decreased , its  v a lu e  on  th e  surface  is a b o u t 80 per cen t 
lessen ing  slightly  w ith  th e  d e p th  to  3.0 m , th e n  in  th e  Chara m a t over th e  b o tto m  suddenly  
rises to  150 per cent (F ig . 6a). T he w a te r  tem p e ra tu re  is 26 °C, th e  p H  v a lu e  7.2, th e  DOC 
c o n c e n tra tio n  5.5 mg/1. A b o v e  th e  m o u th  of th e  R io G uare iras  (F ig . 1, s ta tio n  8) th e  river is 
d eep e r th a n  in  the  p receed ing  reach . In  th e  4—5 m  deep w a te r  m ac ro p h y te  v e g e ta tio n  does n o t 
dev elo p  e ither on the  su rface  or on th e  b o tto m . T he oxygen  sa tu ra tio n  is c o n s tan t a t  ab o u t 
80 p e r  cen t to  a dep th  of 2 m , th e n  g rad u ally  decreases to  30 p e r cen t a t  th e  b o tto m ; th e  w ater 
te m p e ra tu re  is 26 °C (F ig . 6b).

T he Rio G uareiras a t  th e  place i t  flow s in to  th e  R io N egro is 4.5 m  deep  (F ig. 1, s ta ­
t io n  9). T he conditions a re  s im ila r to  those  a t  th e  fo rm er s ta tio n  as reg ard s  b o th  th e  absence 
o f considerab le  am oun ts o f m ac ro p h y te s  an d  th e  va lues o f oxygen  sa tu ra tio n  (F ig . 6c). F a r th e r  
to w a rd s  th e  m outh  of th e  R io  N egro, a t  s ta tio n s 10 an d  11 no rem ark ab le  change com pared

m m

m

b)

m c)

d)

F ig . 7. V ertical changes in  o x y g en  sa tu ra tio n  an d  w a te r  te m p e ra tu re  (°C) in  th e  w a ter system  
of Rio N egro  (a  =  s ta tio n  11, b =  s ta tio n  12, c an d  d  =  s ta tio n  13)
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m

a)

b)

Fig. 8. V ertical changes in  oxygen sa tu ra t io n  a n d  w a ter tem p era tu re  (°C) in  th e  w a te r  system  
of Rio N egro (a  =  s ta tio n  14, b =  s ta tio n  15)

w ith  th e  fo rm er tw o sta tio n s can  be o b se rv ed  e ith e r in  the  p la n t  s ta n d s  or in  th e  oxygen  
conditions (F ig. 6d, Fig. 7a).

The Rio Gonzalo —  otherw ise k n o w n  as Rio H aliguanico  —  is a  wide riv er o f g reenish  
colour flow ing in to  th e  Rio Negro from  th e  so u th  (F ig . 1, s ta tio n  12) w ith o u t a surface  m ac ro ­
p h y te  veg eta tio n . I t  is bordered  b y  m an g ro v e  v eg e ta tio n  on b o th  ides; a t  th e  b o tto m  th ere  
is an  ab o u t 1—1.5 m  high m ore or less co n tin u o u s  N ajas guadelupensis  m a t. In  th e  r iv e r  we 
fo u n d  a pecu liar inverse  oxygen s tra tif ic a tio n ;  to  a d ep th  of 1 m  th e re  was no oxygen in  th e  
27 °C w ater, fro m  1.5 m  to the  b o tto m  (3.5 m ) we m easured values a ro u n d  80 pe r cen t in  th e  
N a ja s  m a t (F ig . 7b). T he w ater o f th e  r iv e r  w as rich  in dissolved organ ic  m a tte r , th e  DOC 
co n cen tra tio n  was 20.5 mg/1, the  p H  v a lu e  7.1.

In  th e  r iv e r, a f te r  its confluence w ith  th e  Rio Gonzalo (F ig . 1, s ta tio n  13) th e re  is no 
m ac ro p h y te  v e g e ta tio n , in  the  overw h elm in g  p ro p o rtio n  of th e  w a te r  th e  oxygen sa tu ra t io n  
does n o t show an y  considerable v e r tic a l ch an g e ; i t  is ab o u t 100 per cen t (F ig . 7c). In  a  b ro a d  
m id s tream  zone, w here the  w ater of th e  R io G onzalo is no t y e t in te rm in g led  w ith  th e  m ain  
b ran ch , we found  th e  surface lay e r o f  w a te r  to  be  a lm ost free o f o xygen , th o u g h  a t  a d e p th  
o f 1 m  the  oxygen  sa tu ra tio n  was a lre ad y  a b o u t  100 per cent in  th e  27 °C w a te r (F ig . 7d).

N earing th e  m o u th  the  r iv e r g row  w id er, 4 -5  km  before th e  m o u th  th e  r iv e r bed  
becom es m uddy , ow ing to  the  rise an d  fall o f th e  sea the  w ater is o f b ra ck ish  w a te r  c h a ra c te r. 
A t s ta tio n  14 tu rtle -g ra ss  (Thalassia tes tu d in u m ), a p la n t ch arac te ris tic  o f seacoasts ap p ea rs  in  
th e  bed-silt (F ig . 1). T he p h o to sy n th e tic  a c t iv ity  o f th is  th inn ish  Thalassia  sw ard  is re flec ted  
in  th e  oxygen conditions. In  th e  u p p e r 1 m  lay e r of w ater th e  oxygen  sa tu ra tio n  is a b o u t
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80-90  per cent rising  to  140 p e r cen t in th e  Thalassia  sw ard  (F ig. 8a). H ere  th e  DOC con­
c e n tra tio n  was 11.5 mg/1 a n d  th e  tem p e ra tu re  o f w a te r  27 °C.

A t the  m o u th  o f th e  r iv e r  (F ig . 1, s ta tio n  15) th e  w a te r is sha llow er; un d er the in flu ­
ence of a m ore in ten siv e  l ig h t  reach ing  the  b ed -silt closed Thalassia  sw ard s develop in  w hich 
th e  oxygen sa tu ra tio n  is co n sid e rab ly  h igher (F ig . 8b); th e  te m p e ra tu re  o f  w ater is 29 °C.

C) SO U T H E R N  P L A IN  O F  T H E  H A VAN NA P R O V IN C E

(W a te r  system  o f th e  co as ta l secto r b e tw een  P la y a  M ayabeque and  P lay a
Rosario)

The canal rece iv in g  th e  w aste-w aters o f th e  Oswaldo Sanchez sugar facto ry  was 
exam in ed  a t th e  J u a n  B ő rre l ro a d -ju n c tio n  (F ig . 1, s ta tio n  16). T he 50—70 cm  deep canal is 
overgrow n by  various C yperus  species. On 23 A pril 1983 th e  oxygen s a tu ra tio n  a lready  reached  
110 p e r cen t in  th e  m o rn in g  h ours, due to  th e  large  n u m b er of m ac ro p h y te s  and th e  rich  
ep ip h y tic  alga coatin g ; th e  w a te r  tem p e ra tu re  was 28 °C, th e  p H  v a lu e  7.7.

The nex t m easu rin g  w as perform ed in  th e  la te ra l  b ran ch  of th e  sam e canal ru n n in g  
p a ra lle l w ith  the  co astlin e , b e tw een  P lay a  R osario  an d  P la y a  M ayabeque , some 1 km  w est 
o f P la y a  Rosario (F ig . 1, s ta tio n  17). The m ain  fu n c tio n  of th e  canal w as to  d ra in  the  w a te r  
o f th e  coastal m an g ro v e  v e g e ta tio n  th u s  m ak in g  th e  seacoast su itab le  for bath ing . T he 
m an g ro v e  v eg eta tion  c a s t a deep  shadow  on th e  can a l, th e  w a te r  w as yellow ish brow n and  
tu rb id ,  th e  full bod y  o f th e  1 m  deep w ater was w ith o u t a q u a tic  v e g e ta tio n  and  had a m ere  
25 p e r cent oxygen s a tu ra t io n ;  th e  w a ter tem p e ra tu re  w as 27 °C, th e  v a lu e  of pH  7.2. A t s ta ­
tio n  18 in  the  sam e can a l (F ig . 1), w est o f s ta tio n  16, th e  m angrove  v eg e ta tio n  along th e  
can a l was destroyed , th e  w a te r  was no longer sh ad ed  therefo re  its  oxygen  sa tu ra tio n  rose to  
70 p e r cent, th e  value  of p H  to  7.4 and  the  w a te r te m p e ra tu re  to 28 °C. F ive  k ilom etres fa rth e r  
in  th e  canal (Fig. 1, s ta tio n  19) the  w ater becam e tra n s p a re n t,  its b row nish  colour d isappeared , 
i ts  tem p e ra tu re  was 28 °C ; th e  b o tto m  was covered  b y  a con tinuous a lga  m a t and as a con­
sequence the oxygen s a tu ra t io n  rose to  125 per cen t a n d  th e  p H  value  to  7.6.

The n ex t sam p lin g  s ta tio n  was a canal o f n o rth -so u th  d irec tio n  perpend icu lar to  th e  
fo rm er canal, w est o f P u n ta  M ora (Fig. 1, s ta tio n  20). A considerable p ro p o rtio n  of its c a tc h ­
m e n t area is p lan ted  to  p in eap p le  and  sugar-cane. T he full len g th  of th e  canal was overgrow n 
b y  flo a tin g  (P istia  stra tio tes) an d  roo ting  (Elodea canadensis) w ater-w eeds. The w a ter was 
c ry sta l-c lear, t r a n s p a re n t  to  th e  b o tto m , n o t b row n, 1.5 m  deep; its  tem p e ra tu re  was 28 °C, 
its  oxygen sa tu ra tio n  o n ly  40 per cen t because of th e  shadow  cas t on  i t  b y  the  vegeta tion . 
T h e  w a ter was poor in  d isso lved  organic m a tte r , th e  DOC co n cen tra tio n  was 6.6 mg/1, th e  
p H  value 7.4. T here a re  no  larg e  size p lan ts  on th e  b a n k s  of th e  canal th ere fo re  the  surface of 
th e  w a ter is no t sh ad ed ; th is  c ircum stance an d  th e  p la n t  n u tr ie n ts  w ashed  in from  the c a tch ­
m en t area prom ote  th e  m u ltip lic a tio n  of w ater-w eeds. T hese p lan ts  hav e  a favourable effect 
on  th e  q u a lity  of w a te r , b u t  w hen  accum ula ting  a ro u n d  th e  bridges a t  th e  tim e of floods th ey  
red u ce  the  w a ter-d e liv e ry  o f th e  canal and  jeo p ard ize  therefo re  th e  basic  function  of th e  
d ra in ag e  system .

D) LAS SA LIN AS

The L aguna la  C h u rro sa  (Fig. 1, s ta tio n  21) is su rro u n d ed  b y  th e  com m unity  of b lack  
m angrove  (B a tid i-A v icen n ie tu m  nitidae) while in  its  sa lty  w a ter p o p u la tio n s  of R u p p ia  m ari­
tim a  form  com m unity . T h e  w a te r  is 50-60 cm  deep , yellow ish  brow n a n d  tran sp a re n t to th e  
b o tto m ; the  oxygen s a tu ra t io n  was ab o u t 80 pe r cen t, th e  w a ter te m p e ra tu re  28 °C, the  p H  
v a lu e  8.0 on 21 A pril 1983, a n d  the  value of DOC 25.5 mg/1.
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On 21 A pril we carried o u t m easu rin g  a t  th e  inflow  of a m oorland  canal, in  th e  in n er 
p a r t  o f th e  B ah ia  de Cochinos b e tw een  B uena  V e n tu ra  and  C aletón (Fig. 1, s ta tio n  22). T he 
w a te r  o f th e  c an a l flow ing ou t fro m  th e  th ic k  fo res t o f red  m angrove  (R hizophora mangle) 
w as red -b row n , v e ry  poor in oxygen , o f 17 pe r c en t sa tu ra tio n . T he w a te r  te m p e ra tu re  was 
as low  as 25 °C, th e  p H  value 6.9. T h e  w a te r  w as rich  in  o rganic m a tte r , th e  DOC c o n c e n tra ­
tio n  was 21.5 mg/1.

T he w a te rs  o f th e  m oorland flow ing  in to  th e  b a y , in  a d d itio n  to  carry ing  p la n t n u tr ie n ts  
co lou r th e  co asta l zone brow n lessening th e re b y  its  a ttra c t io n  for th e  v isito rs a t  th e  h o lid ay  
re so rts, a lth o u g h  th e  high hum ic m a t te r  c o n te n t has no ha rm fu l effect on health .

E ) CANAL D E  S O P L IL L A R

I t  is a can a l system  d rain ing  o ff th e  w a te r  o f th e  rice fields ad ja ce n t to  th e  L ag u n a  
del T esoro, de liv e rin g  a p a r t  of i t  to  th e  lake an d  a n o th e r  p a r t  to  th e  P ig B ay. M easuring  
w as carried  o u t on  th is  area on 20 A pril 1983, be tw een  4 an d  7 p.m .

S ta tio n  23 (F ig . 1) is found  a t  a  sec to r o f th e  canal p a s t  th e  rice fields, a f te r  w hich  
th e  canal b ran ch es off. One of th e  b ran ch es  leads to  th e  L aguna  del Tesoro, th e  o th e r  to w ard s  
th e  sea. In  th is  sec to r of the  w ide, op en  canal sy s tem  th e re  is no considerable m ac ro p h y te  
v eg e ta tio n , th e  tran sp a re n cy  of th e  w a te r  is low  —  30-40  cm  — , because th e  lift-p u m p s c a rry  
m u d d y  w a te r  fro m  th e  rice fields. T h e  w a te r  is r ich  in  dissolved organic  m a tte r  to o , we 
o b ta in ed  21.5 mg/1 fo r th e  value of DOC. T he surface  of w a te r  is n o t shaded , b u t  b ecause  of 
th e  h igh  tu rb id i ty  th e re  is no co n sid erab le  oxygen  p ro d u c tio n  and  decom posing processes 
p rev ail in  th e  w a te r . T he tem p era tu re  o f  th e  w a te r  was 26 °C, i ts  oxygen sa tu ra tio n  84 pe r 
c en t on  th e  su rface  an d  39 per cen t n e a r  th e  b o tto m , a t  a d e p th  of 3 m. The p H  v a lu e  was 
re la tiv e ly  h igh : 7.8.

A t its  m idd le  se c to r  the  canal grow s w ider (F ig . 1, s ta tio n  24); its m ax im um  d e p th  is 
1.25 m . S tream in g  w a te r  is only fo u n d  in  a n a rrow  strip  in  th e  m iddle  of th e  canal, in  o th e r  
p a r ts  th e  w a te r  is s ta g n an t. In  th e  v ic in ity  of th e  s tream line  com plete ly  closed Potamogeton 
illinoensis  s ta n d s  a re  seen w hich to w a rd s  th e  b a n k s  are rep laced  b y  N ym phaea am pla  and  
N u p h a r luteum  ssp. grandiflorum  s ta n d s . T h e  canal is b o rd ered  b y  b u lru sh . R ou n d  th e  b ridge- 
colum ns local s to n ew o rt v eg eta tion  develops fo rm ed  b y  po p u la tio n s o f Chara dom ingensis  
an d  N itella  hya lina . In  th e  stream ing  27 °C w a te r  we m easu red  80 pe r cen t oxygen sa tu ra t io n  
fo r th e  fu ll co lum n of w ater, and 7.8 for th e  v a lue  of p H . In  th e  closed m acro p h y te  s ta n d s  by  
th e  side o f th e  s tream in g  w ater an d  in  a reas o verg row n  by  ston ew o rt self-shading w as of 
such  an  e x te n t t h a t  a t  a dep th  of 20—30 cm  a lread y  an aerob ic  conditions p revailed .

T he canal a rriv es a t  the  b ay  as a subsu rface  w a te r , before th e  coast i t  d isap p ea rs  in  a 
cav ern . B efore d isap p earin g  (Fig. 1, s ta tio n  25) th e  w a te r  seeps th ro u g h  large T yp h a  d o m in ­
gensis  s ta n d s; sw ift cu rren t of w a ter is on ly  fo u n d  in  a 5-10  m  wide s trip . O f the  w a ter-w eed s 
Chara dom ingensis, Potamogeton illinoensis, Hydrocotyle umbellata and  Utricularia ju n cea  fo rm  
m in o r stan d s. T h e  s tream ing  w ater is 1 m  deep an d  tra n s p a re n t to  th e  b o tto m . T he w a te r  
te m p e ra tu re  w as 27 °C, th e  oxygen s a tu ra tio n  80 pe r cen t, th e  p H  value  7.8 an d  th e  con­
c e n tra tio n  of DOC 18.8 mg/1.

S um m ary

In  th e  m o st im p o rta n t flow ing- and  still-w ate rs  o f th e  Z ap a ta  P en in su la  
e u tro p h iz a tio n  m anifests itse lf  in  th e  ex trem e  m u ltip lica tio n  of aq u a tic  m ac ro ­
p h y te s . In  com parison  to  th e  m ass an d  p ro d u c tio n  o f w ater-w eeds th e  b iom ass 
an d  p ro d u c tio n  o f  th e  p h y to p la n k to n  is negligible.
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In  an  overw helm ing  p rop o rtio n  of th e  w a te rs  on th e  area  in  question  
th ic k  p la n t s tands are  fo rm ed  whose sp read in g  is de te rm ined  f irs t  o f all by 
th e  lig h t conditions. T h e re  are no t aq u a tic  m ac ro p h y te s  in  these  brow n m oor­
la n d  w aters  w here th e  l ig h t does no t reach  th e  b o tto m  h u t is absorbed  in  th e  
b o d y  o f w ater, and  w here  th e  rivers are sh ad ed  from  above by  a th ick  m angrove 
v e g e ta tio n . The species com position  an d  m ass of th e  a q u a tic  m acro p h y te  
v e g e ta tio n  are in flu en ced  b y  th e  physical ch a rac te ris tic s  o f th e  bed too.

T he w ater w eeds occu rring  in th e  la rg e s t num bers in  th e  L aguna  del 
T esoro  are: Vallisneria neotropicalis and  Potamogeton illin o en sis ; s tan d s  of th e  
la t te r  cover 60 per c en t o f  th e  surface of th e  lak e  (Fig. 3), p rev en t to  use th e  
w a te r  for spo rt fish ing  a n d  tou ris tic  purposes, an d  h inder th e  w a te r tra n sp o rt. 
O n 4 -5  M ay 1983 th e  jo in t  p rim ary  p ro d u c tio n  o f p h y to p la n k to n  an d  m acro ­
p h y te s  w as 29.42 g 0 2/m 2/d a y  in  the  open w a te r . There w as an  o v e rsa tu ra tio n  
o f oxygen  on the  su rface , w hile near th e  b o tto m  anaerobic  cond itions prevailed  
(F ig . 4a, b, c). T he w ate r-w eed  s tands m u s t b y  all m eans be reduced , th is  
w ould  check the  s ilta tio n  o f th e  lake too.

In  th e  w a te r sy s tem  of th e  Rio N egro an d  Rio H a tiguan ico  Vallisneria  
neotropicalis and  Potamogeton illinoensis a re  th e  ch a rac te ris tic  p lan ts  o f th e  
riv e rs  an d  canals flow ing  th ro u g h  the  m o o rlan d ; th e ir  th ick  s tan d s  h in d er th e  
w a te r  tra n sp o rt and  red u ce  th e  delivery c a p a c ity  of th e  bed. On th e  surface 
o v e rsa tu ra tio n , w hile n e a r  th e  bo ttom  s a tu ra tio n  deficiency of oxygen is 
show n  (Fig. 5a).

In  th e  w ate r sy s te m  of th e  Canal de S oplillar the  hydrobio logical con­
d itio n s  are sim ilar.

In  the  m ain  b ra n c h  of th e  Rio N egro few  p lan t s tan d s are  found , th e  
ro ck y  bo tto m  is n o t fav o u rab le  for m ac ro p h y te s  to  se ttle ; th e  b o tto m  is 
covered  by a 20-30  cm  th ick  Chara m a t w here o v e rsa tu ra tio n  of oxygen 
develops while in  o th e r  p a r ts  of the b o d y  o f w a te r sa tu ra tio n  defic iency  is 
show n (Fig. 5c, Fig. 6a).

In  th e  la te ra l b ran ch es  flow ing th ro u g h  a th ick  m angrove v eg e ta tio n  
th e re  are  no t p lan ts  in  th e  river bed, th e  oxygen  sa tu ra tio n  is everyw here 
below  100 per cen t a n d  in  some cases an ae ro b ic  conditions occur (Fig. 5d, 
F ig . 7b).

T he canals on th e  so u th e rn  p lain  o f H a v a n n a  P rov ince  rise on ag ri­
c u ltu ra l  areas above th e  m angrove m o o rlan d  bo rdering  th e  coast an d  reach  
th e  sea b y  flow ing th ro u g h  th e  m angrove m o o rlan d . The oxygen cond itions in  
th e ir  w a te r are h igh ly  v a ried . In  th e  w a te rs  flow ing in  th e  m angrove th ic k e t 
th e re  is no considerab le a q u a tic  vege ta tio n , here  the  w a te r is poor in  oxygen. 
O n less shaded areas f lo a tin g  and ro o tin g  w ater-w eeds form  th ick  s tan d s  
red u c in g  the  de livery  c a p a c ity  of th e  can a ls . In  roo ting  w eed s tan d s  th e  
o x y g en  conditions are  s im ila r to  those in  th e  lake , while on areas overgrow n 
b y  f lo a tin g  weeds sh a d in g  m akes the  w a te r  poor in oxygen.
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UNTERSUCHUNGEN AN DIE WIRKUNG 
DER CHLORID-IONEN AUF GEHÖLZE IN RUDAPEST

P . K l in c sek

I N S T I T U T  F Ü R  Ö K O L O G I E  U N D  B O T A N I K  D E R  U N G A R I S C H E N  A K A D E M I E  D E R  W I S S E N S C H A F T E N ,

V Á C R A t O T ,  U N G A R N

(E ingegangen : 26 April 1982)

Einleitung

A u f die V erkehrssicherheit der S tra ß e n  im  W inter v e rw en d e t m an  in B u d ap es t g roße 
M enge von sa lzha ltigem  S treu m itte l (im  W in te r  1977/78: 7-12 000 t  NaCl, 4-5000 t  M agne- 
sium lauge/M gC l2) ( T ö r ö k  und  K l i n c s e k  1978; K o v á c s  e t al. 1979, 1980).

In  m eh re ren  europäischen S tä d te n  w ird  eine der w ich tig sten  U rsachen  de r B a u m ­
schäden  u n d  B au m v erfa ll au f den L a s t, d e r  aus dem  w in terlich en  S treusalz  s tam m en d e  C l“ - 
Io n e n ak k u m u la tio n  angeschrieben ( S t e u l i n g  u n d  K i r s c h b a u m  1976, G l a t z e l  u n d  K r a p f e n ­

b a u e r  1975).
W ir w o llten  m it unseren  U n te rsu ch u n g e n  k larm ach en , ob sich in den gesch äd ig ten  

(verfa llenen) B äu m en  von B u dapest a u ch  de r aus W in te rs treu sa lz  stam m ende C l“ -Io n en - 
g eh alt sich a n h ä u f t  ?

D abei h a b en  w ir auch sog. re s is ten te  A rten  gesuch t, die an  der B elastung  v o n  C l“ - 
Io n en  u n em p fin d lich  sind, die sich g u t z u r  S ta d tb e b ä u m u n g  eignen. W ir h ab en  den  C l" -G e h a lt  
de r aus den S ta d tin n e rn  sowie aus de r K o n tro llfläche  (V ácrá tó t)  gesam m elten  B la t tm u s te r  
(zw eite  H ä lfte  des Som m ers), nach  e inem  H eißw asser-A ufschuß  ( H e c k m a n n  1965) m it einem  
ung arisch en  C hlorid -m eßgerät (R adelk is O P  2/L) gemessen.

Ergebnisse

Die u n te rsu c h te  A rten  sind : Acer platanoides, Aesculus h ippocastanum , 
A ila n th u s a ltissim a , Celtis occidentalis, Platanus acerifolia, R o b in iapseudoacacia, 
T ili a tomentosa.
1. F ü r  die D arste llu n g  an C l“ -B e la s tu n g  der B äum e sind die B lä t te r  am  

besten  v e rw en d b ar. — In  den B lä tte rn  der w id erstan d fäh ig en  B a u m a rte n , 
die keine s ich tb a re  Schäden aufzeigen , f in d e t m an  w enig CI “ -Io n en g eh a lt, 
w as e inerse its m it den tiefen  W u rze ln  (Robinia), anderse its  m it d er se lek ­
tiv en  Io n en -au fn ah m e (Celtis) zu  e rk lä ren  ist.

M äßig w iderstandfäh ige  A rte n : an  der B e lastu n g  des C l“ -Ions, schon  
in  der V egeta tionszeit (E nde S om m er, H erb st) w erden  die B lä tte r  v e rg il­
ben , — m eist am  R ande v e rtro c k n e n . Ih r  C l“ -Io n en g eh a lt w ird  a u f  die B e­
la s tu n g  ziem lich  erhöh t (Tab. 1) solche A rt is z. B .: Platanus acerifolia.
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Tabelle 1

Cl~-Ionengehalt der Blätter ( a u f  Trockensubstanz % )  von Stadtbäume 
in  Budapest und im  Kontrollgebiet (n  =  5)

Budapest V ácrátó t

1979 1980 1981 1982 1979 1980 1981

Acer platanoides — 0,93* — 1,07* 0,52 0,20 —

A esculus hippocastanum 1,9* 0,87* 1,93* — 0,37 0,13 0,17
A ila n th u s altissima — 0,38 — — — 0,15 —

Celtis occidentalis 0,24 0,06 0,10 — 0,12 0,03 0,04
P latanus acerifolia 1,41 — — — 0,33 — —

R obinia  pseudoacacia — 0,20 — 0,40 0,21 0,07 —
T ilia  tomentosa 2,85* 1,04* 1,73* 0,83* 0,11-0,14 0,05 0,11

* =  sichtbare N ekrosen

Tabelle 2

Cl~-Ionengehalt der Baum blättern  
in  verschiedenen K ronenschichten ( in  % , T S )

Celtis
occidentalis

P latanus*
acerifolia

T ilia
tomentosa

Gipfel 0,57 4,98 4,57
M itte der B au m k ro n e 0,75 5,01 —

U ntere S ch ich t der B aum krone 0,88 5,78 4,43

* Zwischen den e inzelnen  Schichten sind m in im um  2 m. E ntfernung.

In  den B lä t te rn  der s ta rk  sa lzem pfind lichen  A rten  w ird  der CI - 
Io n en g eh a lt ziem lich  an g eh äu ft, u n d  schon  am  ersten  d ritte l d er V ege ta tions­
ze it w ird  die B la ttn e k ro se  s ich tb a r; m an ch m a l fallen die B lä t te r  ab u n d  
d e r B aum  tre ib t w id e r aus. Im  Folge des N o tau strieb es  w erden  die B äum e 
schw ach  und  frü h e r  oder sp ä te r s te rb e n  sie ab. E m p find liche  A rten  sind: 
A cer platanoides, A escu lus h ippocastanum , T ilia  tomentosa.

Diese A rten  w erden  schon bei 0 ,6 -1 %  C l~-G ehalt (in der B lä tte r  
gem essen) s ta rk  g eschäd ig t.

2. Im  S ta d tin n e rn  gesam m elte  B lä tte r, wo d er V erkehr am g rö ß ten  ist (bei 
a llen  A rten) k a n n  eine ziem lich große M enge an  CI “ -Io n en g eh a lt gem essen 
w erden , viel g rößer, als in  den B lä tte rn  d er K o n tro llb äu m e (T ab. 1) — 
obw ohl die A n g ab en  bei versch iedenen  Ja h re n , je  der M aße d er Salzbe­
la s tu n g  v o n e in an d er abw eichen.

3. A u ch  in  den B lä t te rn  der S tra ß e n b ä u m e  — aus dem  verk eh rsre ich eren  
S ta d tin n e rn  w erden  größere CI “ -G ehalte  gem essen, als in  den  B lä tte rn  der 
S traß en b äu m e wo w en iger V erkehr h e rrsc h t (A uß en stad t) — (T ab . 1, A bb. 1).
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Abb. 1. S a lzb e lastu n g sk arte  in  B udapest a u fg ru n d  des C h lorid -Ionengehaltes de r B lä tte r  von
Tilia  tomentosa  1979

4. A u f G rund  der U n tersu ch u n g  der B la ttp ro b e n a h m e  von versch iedenen  K ro ­
nensch ich ten  w ird  festgeste llt, d a ß  zw ischen  den C l_ -G ehalt d er P ro b e e n t­
n ah m e  aus dem  G ipfel, m ittlere  S ch ich t d er B aum krone, w ie aus der u n te ­
re n  Schich t der B aum krone, k a n n  keine s ig n ifikan te  D ifferenz festgeste llt 
w erden  (Tab. 2), d. h . darin n en  sin d  b a ld  die gleichen C l~ -Io n en g eh a lt 
nachw eisbar.

5. A uch  die versch iedenen  O rgane d e r B äu m e e n th a lte n  versch iedene M engen 
v o n  0 ~ -G e h a lt .  D er größte C l~ -G eh alt is t  in  den B lä tte rn  (0 ,07 -5 ,26% ), 
w eniger w erden in  den  Trieben u n d  R u te n  (0 ,26-0 ,99% ) gem essen. A m  
w enigsten  C H -Io n en g eh a lt — a b h än g ig  vom  Jah rg an g  u n d  B a u m a rt — 
is t im  S tam m  u n d  in  der R inde (0 ,0 1 -0 ,3 7 % ). A uch die W u rze ln  e n th a lte n  
w enig  C l“ -Ionen , doch  etwas m eh r, als d er im  S tam m  (0 ,036% ) (A bb. 2 
u n d  T ab . 3).

6. D er C l- -G ehalt d er B lä tte r  bei d en  u n te rsu c h te n  A rten  aus streusa lz fre ien  
G eb ie ten  vom  H e rb s t bis zum  L au b fa ll w ird  stufenw eise w achsen  (A bb. 3). 
A n  s treu sa lz -b e las te ten  G ebieten s in d  die B lä tte r  der em pfind lichen  A rten
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Abb. 2. G ehalt an  C h lo rid -Io n en  (TS) in den  versch iedenen  O rganen  und  in den B lä t te rn  v o n  
versch ied en en  K ron en sch ich ten  des B aum es: P la tanus acerifolia 1977

(T ilia , Aesculus) b e im  A ustrieb  (F rü h lin g ) hoch an  C l“ -G ehalt; das e rh ö h t 
w äh ren d  des S om m ers w eiter, u n d  am  E nde  d er V egeta tion  ab s in k t (ab e r 
es b le ib t noch  im m e r an  re la tiv  h ö h erem  N iveau) (A bb. 4).

In  den B lä t te rn  der u n em p fin d lich e r G a ttu n g  Celtis, is t die V e rä n d e ­
ru n g  an  CI “ -Io n e n g e h a lt ähn lich  sow ohl in  sa lzb e laste ten , als au ch  in

Tabelle 3

CI -Ionengehalt der verschiedenen Baum organen ( a u f  Trockensubstanz % , n  =  5)

Organum J a h r
Acer

platanoides
Celtis

occidentalis
P la tanus
acerifolia

P o p u lu s
sp.

Robinia
pseudoacacia

T ilia
tom entosa

B lä tte r 1977 — 0,079 5,26 — — 4,49
B lä tte r 1979 — - 1 , 0 1 — - —
B lä tte r 1980 0,93 — — — 0,20 1,04

T riebe 1977 — 0,26 0,86 — — 0,99

R u te n  und  Aste 1977 — 0,21 0,53 — — 0,79

S tam m  R inde 1979 0,03 — — — 0,012-0,018 0,024
Holz 1979 0,02 — 0,007 0,22 0,011-0,016 0,013
Holz 1974/75 0,02 — 0,012 0,24 0,011-0,015 0,011
Holz 1970 - — 0,007 0,37 0,10 -0,016 —

W urzel 1979 - - 0,036 — - —
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Abb. 3. Die V e rän d e ru n g  des C h lo rid -Ionengehaltes in  den B lä tte rn  (in % , TS) im  L au fe  der 
V egeta tionsze it au f sa lzfre iem  (kon tro ll-)G eb ie t (V ácrá tó t) 1980

Abb. 4. Die V e rän d e ru n g  des C h lo rid -Ionengehaltes in den B lä tte rn  von  S traß en b äu m e  au s 
dem  S ta d tk e rn  B u d a p es t, im  L aufe der V egeta tio n sze it 1980

K o n tro llg eb ie ten ; d. h. der CI “ -G ehalt der B lä tte r  e rh ö h t sich am  E n d e  
der V egetationsperiode g leichm äßig .

F ü r  die A nw endung, als S tra ß e n b ä u m e  wo w in te rlicher S treusalz  reg e l­
m äßig  v e rw en d e t wird, sind die fo lgende A rten  zu em pfehlen: A ila n th u s  
a ltissim a , Celtis occidentalisé R o b in ia  pseudoacacia.

L IT E R A T U R

B érezik , A., B orh id i, A. (1979): A B u d a p e s ti  A gglom eráció környeze tfe jlesz tésének  ökológiai 
p ro b lém ái és környezetb io lógiai k u ta tá s i  T erve  (Ökologische Problem e der U m w e lt­
en tw ick lu n g  u n d  um w eltb io log ischer F o rschungsp lan  der B udapest-A gg lom era tion ). 
M T A  B ioi. Oszt. Köziem. 22: 367-390 .

G latzel, G., K ra p fen b a u e r, A. (1975): S treu sa lzsch äd en  am  B au m b estan d  der S tra ß e n  in  
W ien. W ien: In st. f .  forstl. S tandortforsch, der Hochschule f .  Bodenkult. 52.

H eck m an n , M. (1965): Jo u rn . of th e  Assoc, of Off. A nal. C hem ists. W ash ing ton , 78. 654.
K o v ács , M., K lincsek , P ., D inka, M., P o d a n i, J .  (1979): A fák  té li sózásából eredő k á ro so d á ­

sok v izsg á la ta . K u ta tá s i je len té s: F O K É R T , 22.
K o v ács , M., K lincsek , P ., D inka, M., P o d a n i, J .  (1980): A fák téli sózásából eredő k á ro so d á ­

sok v izsg á la ta . K u ta tá s i je len tés , F Ő K E R T , 22.
K ovács, M., K lincsek , P ., Török, K ., P o d a n i, J .  (1977): A sófelhalm ozódás v izsgála ta  a fő v áro s 

ú tja in a k  sorfáin . K u ta tá si je le n té s , F Ő K É R T , 28.
S teu ling , L ., K irsch b au m , U. (1976): Im m iss io n sb ela stu n g  der S traß en ra n d v eg e ta tio n . N a tu r  

и. Landschaft 51: 257-265.
T örök , К ., K lincsek , P . (1978): F o n to sa b b  fa fa jo k  viselkedése az u ta k  té li sózásával szem ben  

B u d a p es t be lvárosában . Kertgazdaság  10/4: 61-69.

Acta Bolanica Hungarica 32, 1986





Acta Botanica Hungarica 32 (1-4), pp. 141-149 (1986)

GENETIC DISTANCES, I.
G E N E T IC  D ISTA N C E  IN  T H E O R Y  A N D  PR A C TIC E

B .  T Ó T H M É R É S Z

D E P A R T M E N T  O F  B O T A N Y ,  K O S S U T H  L A J O S  U N I V E R S I T Y ,  D E B R E C E N ,  H U N G A R Y  

(R eceived : 1 M arch 1985)

In  th is  p a p e r  th e  p resen t s ta te  o f  th e  genetic  d is tan ce  th eo ry  is review ed. Several 
genetic  d is tan ce  m easures are p re sen te d  in  a g raceful lay o u t using  v e c to r spaces.

Two d iffe re n t m odels of m easu rin g  genetic  d istan ces are trea te d , (i) In  th e  f irs t 
m odel x(a) £ R “ w here  x*(a) rep re sen ts  a m easu rem en t o f som e m etric  t r a i t .  H ere  th e  
genetic  s ta tis tic s  is due to  th e  u su a l gene-phene d ispersion , (ii) In  th e  second m odel 
p (a ) £ A , th e  allele sim plex. No s ta tis t ic s  are  invo lved  here  (excep t possib ly  in  e s tim a t­
ing  p(a) of th e  p o p u la tio n  from  a sam ple).

In  th e  p a p e r  we discuss v e c to r  space and  th e  in n er p ro d u c t s tru c tu re  on  R u. 
T h en  we in tro d u c e  b o th  m odels (i) a n d  (ii). F in a lly , genetic  d istance m easures are 
p re sen ted  in  a u n iq u e  m anner b a sed  on  v ec to r spaces, an d  th e  connection  be tw een  
th e m  is also discussed .

Introductory notes

T he prob lem  o f m easu ring  genetic d is tan c es  be tw een  po p u la tio n s has been crucia l to  an  
u n d e rs ta n d in g  of e v o lu tio n a ry  processes fo r m an y  years. I t  has occupied several th eo re tic a l 
an d  ex p erim en ta l in v es tig a to rs .

In  th e  (m a th em a tic a l)  m odels of e v o lu tio n  we h av e  s tu d ied  w h a t cond itions w ould  
lead  to  changes in  th e  g en etic  s tru c tu res  o f p o p u la tio n s. So fa r  v e ry  l ittle  a tte n tio n  has been  
p a id  to  th e  s tu d y  of d a ta  from  n a tu ra l p o p u la tio n s . I f  we s tu d y  th e  process o f ev o lu tio n  as a 
re su lt o f various co m b in a tio n s of selection , m u ta tio n , reco m b in a tio n , random  d rif t, m ig ra ­
tio n , a n d  n o n ran d o m  m a tin g , we m ust agree  som e co n v en ien t w ay  to  m easure  th e  a m o u n t of 
ev o lv em en t. One of su itab le  approaches is th e  s tu d y  of genetic  d istances betw een  p o p u la tio n s . 
T his te lls  us w h a t changes have  tak e n  p lace  in  th e  genetic  com position  of th e  exam in ed  
p o p u la tio n .

T h e  prob lem  of fin d in g  an  efficient m easu re  of genetic  d istan ce  and  several o th e rs  of 
th eo re tic a l im p o rtan ce  w ere discussed b y  Ca v a l l i -S f o r z a  arid E d w a r d s  1967, J a c q u a r d

1974, N e i  1976, R o g e r s  1972. (See also: C r o w  an d  D e n n i s t o n  1974, E d w a r d s  1971, H e d r i c k

1975, N e i  1975.)
T h e  m easure  o f genetic  d istance b e tw een  p o p u la tio n s is based  on th e  n u m b er o f codon 

differences pe r s tru c tu ra l  genic locus for p ro te in s . In  th is  case we consider how n u c leo tide  
frequencies can be used  to  define a genetic  d is tan ce  be tw een  p o p u latio n s (see E w e n s  1979, 
N e i  1976, S p i e s s  1977).

T h e  m ost e le m en ta ry  distance m easu re , w hen  th e re  is no genetic v a r ia tio n  w ith in  
p o p u la tio n s , is th e  n u m b e r N of sites a t  w h ich  th e  p revailing  nucleo tides in th e  tw o p o p u la ­
tions d iffer; F it c h  an d  M a r g o l ia s h  1967, E w e n s  1979.

I t  is th e  s im p lest m easure  of genetic  d istan ce . T here  a re  m ore com plicated  m odels. 
Som e m a th e m a tic a l p re lim in aries  are g iven befo re  discussing th ese  m odels.
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Vector spaces

L et R  deno te  th e  fie ld  o f real n u m b ers . A v e c to r  space V over R  is a se t V to g e th e r 
w ith  tw o  operations

V x V  —» V , (v , w ) l-<- V +  w 

R  X V —► V, (a , v )  I-*- av

sa tis fy in g  th e  follow ing ax iom s:

1. v  +  w =  w  +  v
2. (v  +  w) - f  X =  v  +  (w +  x)
3. th e re  is a v e c to r  O Ç V such t h a t  0 +  v  =  v
4. for each  v  € V , th e re  is a v ec to r — v (  V such  t h a t  v  +  (—v) =  0
5. a(v +  w) =  a v  +  aw
6. (a -f- b )v  =  a v  +  b v
7. (ab )v  =  a (bv )
8. l v  =  v

fo r all v , w , x  Ç V, a , b  Ç R .
T he linear c o m b in a tio n  of th e  v ec to rs  v 1, . . v n € Y is

a 'v 1 +  . . . +  a 'v 1 =  0

im plies a 1 =  . . . =  a" =  0. The vecto rs v 1, . . v 11 fo rm  a basis o f V if  th e y  are  lin e a rly  
in d e p e n d e n t and  spans V . I t  is easy to  see t h a t  a n y  o th e r  basis of V h as th e  sam e n u m b er n  
o f e lem en ts  called th e  d im ension  of V.

I f  a 1, . . a n is a  b asis for V th e n  th e  (a1, . . a") sca lars are called th e  co o rd in a tes  o f
v  =  Z a 'v 1 w ith  re sp ec t to  th is  basis. A d iffe ren t b asis will in  general give d iffe ren t lis ts of 
c o o rd in a te s  for th e  v e c to r  v.

T he vec to r space is called E u clid ean  if  th e re  is a fu n c tio n  (inner p ro d u c t)

(., , ) : V x V - +  R

defin ed  by  th e  follow ing axiom s

9. (x, x) >  0 an d  (x , x ) =  0 if  an d  on ly  if  x  =  0
10. (x, y) =  (y , x )
11. (ax  +  b y , z) =  a(x , z) -f- b (y , z)

fo r all x , y  £ V and  a , b € R .
T he norm  or le n g th  of a vec to r defined  by

II V II =  (v , v )1'2. (1)

B y  analogy  w ith  th e  re a l nu m b ers , th e  d is tan c e  b e tw een  v  an d  w is defined to  be  th e  len g th s 
o f  th e  difference, || v  — w  || =  || w — v  ||. F o r a n y  in n er p ro d u c t on a v ec to r space V

(v, w) =  Il V II II W II c o s #  (2)

w here  #  is th e  angle b e tw een  the  tw o v ec to rs ; so

COS# =  (v , w )/|| v  II II W 11. (3)
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T he m o st im p o r ta n t  exam ple is R n, th e  se t o f o rdered  n -tu p les  o f real n u m b ers  w ith  
coord inate-w ise  a d d itio n  a n d  m u ltip lica tio n

( v 1, . . v " )  +  (w 1..........w n) =  ( v 1 +  w 1, . . v n +  w n)

t ( v \  . . v n) =  ( t v 1..........t v n)

O n th e  v e c to r space  R  th ere  is a so-called  u su a l in n er p ro d u c t

(v , w ) =  ^ v V .  (4 )

Basic models
M odel I

In  genera l, le t  u s  consider a se t o f p o p u la tio n s  P  == { P a; a 6 A }, each  of w h ich  c h a r­
ac terised  b y  n  n o n -n eg a tiv e  num bers . F o r ex am p le , we can  ch arac te rise  a p o p u la tio n  b y  th e  
n u m b er o f in d iv id u a ls  i t  co n ta in s, by gene freq u en c ie s  a t  c e r ta in  loci, or by  th e  frequencies of 
ce rta in  p h en o ty p es a m o n g  th e  p o p u la tio n  m em b ers . E ac h  o bserved  q u a n tita tiv e  c h a ra c te r­
istic  w ill fu rn ish  a m easu re . This se t o f n u m b ers  can  be considered  as a  vec to r v (a ) c h a ra c ­
te ris in g  a n  o b jec t

v(a) -  (v ‘(a ), . . ., v n(a))T

w here A  =  (a ,  b , c, . . .} is an  a rb itra ry  in d e x  se t. T he se t o f all v(a) v ecto rs (a  Ç A) fo rm  
a  v e c to r space.

M odel I I

T he ty p ica l case fo r m easuring  gen etic  d is tan ce  in  th e  “ classical”  th eo ry , w hen th e  
ob jec ts  in  q u estio n  are  p o p u la tio n s ch arac te rised  b y  allele frequencies a t  a locus. In  th is  case, 
each  p o p u la tio n  is ch a rac te rised  by  th e  p '(a )  frequencies or p ro b ab ilities . The se t o f v ec to rs  
p '(a ) co n s titu te s  a  space  b o u n d ed  by  th e  c o n d itio n s

p '(a ) <  0 for all i 1
I ? fo r all a £ A. (5)

Fig. 1. A sim plex w hen n  =  2 is a segm ent o f a s tra ig h t line

Acta Botanica Hungarica 32, 1986.



1 4 4 В . T Ó T H M É R É S Z

F ro m  geom etrical p o in t o f v iew  th e  space b o u n d e d  b y  th e  conditions (5) is a sim plex. So, th e  
d is tr ib u tio n  of th e  e x am in ed  genetic t r a i t  is a  p  v e c to r  in  th e  sim plex

A =  {p : R n; p ‘ 5 Í 0 an d  ¿ ’p* =  1}. (6)

H e re , an d  he rea fte r we d e n o te  by  p a genera l e lem en t o f A  n o tw i th s ta n d in g  p (a), a £ A.
In  th e  case w h en  n  =  2, th e  sim plex  is a seg m en t of a s tra ig h t line s itu a te d  in  th e  

i r s t  q u a d ra n t (Fig. 1); w h en  n  =  3, th e  s im p lex  is a trian g le  (Fig. 2); w hen  n  =  4, th e  sim plex  
s a  te tra h e d ro n , e tc .

G E N E T IC  D IST A N C E S

The Mahalanobis’ distance

L et us consider a E uclidean  space  w ith  o rthogonal co o rd in a te  axes h a v ­
in g  no difference in  scale. The d is tan ce , D, b e tw een  tw o p o in ts , x (a) and  x (b ), 
c an  be de te rm ined  u s in g  the  P y th a g o ra s’ theorem

D = 11 x (a ) x (b) ¡1 (7)

(X(a ) -  x (b ))T(x(a) — x(b)) (8)

T h e  above geom etrica l conditions can he tra n s la te d  in to  s ta tis tic a l language : 
T h e y  are of equal-sca le  w hen the  d iag o n a l e lem ents of th e  v arian ce-co v arian ce  
m a tr ix  are un its , a n d  th e y  are o rth o g o n a l w hen  variab les are u n co rre la ted , i.e. 
th e  v a rian ce-co v arian ce  m a trix  is a d iagona l m a trix .

A fter th e  tra n s fo rm a tio n  of th e  above conditions to  s ta tis tic a l language, 
th e y  are satisfied  w h en  th e  v arian ce-co v arian ce  m a trix  is a u n it m a trix

E[(x‘(a) — x(a)) (x'(a) — x(a))T] = !• (9)
A c ta  Botánica H ungarica  32 , 1986
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I t  can  be show n th a t ,  if  V ar (x(a) — x (a)) =  S ( ^ 1 ) ,  th e re  is such a m a tr ix , 
A, th a t

ASAT =  I.

F rom  th is  follows th a t

D 2 =  ((x(a) -  x (b ))TS - ! (x (a )  -  x (b )) . (10)

I t  is w idely know n as th e  Ma h a l a n o b is  d istance  (Ma h a l a n o b is  1936, J ac­
quard  1974). O rig inally  i t  w as conceived fo r th e  p u rp o se  of d a ta  d isc rim in a­
tio n  (Ma h a l a n o b is  1936).

In  th a t  special case w hen  th e  v a riab les  are u n c o rre la ted  th e  va rian ce - 
covariance m a tr ix  S  is a d iagonal m a tr ix  of th e  form

(Vx..............01

In  th is  case
d o =  (x'(a) x '(b))2

i V ,

In  th is  special case th e  D- d istance  is eq u iv a len t to  th e  P e a r s o n ’s C oefficient 
of R acial L ikeness (P e a r s o n  1926). W hen  th e  v ariance-covariance  m a tr ix  S 
is a u n it m a tr ix  th e  d istance  D 2 coincides w ith  th e  E u c lid ean  d istance.

The X2 distance

The X2 d istance  betw een  p o p u la tio n s is based  on th e  following p rincip les 
(Jacq ua rd  1974):

1. L e t us give a g rea te r  w eight to  a difference

(p '(a) -  p ‘(b))

betw een th e  frequencies o f th e  i- th  c h a ra c te r  if  i t  is ra re .
2. I f  tw o ch arac ters  are  in  th e  sam e p ro p o rtio n  to  one an o th e r in  a ll th e  

p opu la tions le t us rep lace th e  tw o ch arac te rs  b y  a single charac ter.
T he X2 d istance

, _  (р ‘(а) -  Р‘(Ь))2
* i j ~  M,

satisfies th ese  conditions, w here Mj is th e  m ean  frequency .
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Sim ilarity indices proposed by Nei

N e i (1972) p roposed  a m easure  o f genetic  s im ila rity  ( I n) defined  by

I 2У(а)-р!(Ь)
N 1 Д р Т( а ) ^ р Г(Ь))* ’

w h ere  p '(a) and  p ‘(b) deno te  th e  frequenc ies o f th e  allele A a t  a locus in  th e  
tw o  popu la tio n s P a an d  P b. This m easu re  w as developed to  e s tim a te  th e  d i­
vergence  tim e be tw een  closely re la ted  species in  th e  su p p o sitio n  of n e u tra li ty  
to  selection .

The genetic d is tan ce  (D) is, s im ply , th e  com plem ent o f th e  s im ila rity

D n =  1 — I N.

This ind ex  of s im ila rity  p roposed  b y  N e i  is the  angle be tw een  th e  v ec ­
to rs  p(a) and p(b). Or, in  s ta tis tic a l te rm s , i t  is th e  co rre la tio n  coefficien t of 
m easu rem en ts  p(a) an d  p(b). So

D N =  1 — cos (p(a),  p(b)).  (13)

N e i ’s measure o f  standard genetic  d istance  is

D =  —loge I n -

The genetic distance proposed by Powell, Levene and Dobzhansky

P ow ell , L e v e n e , and D o b z h a n sk y  (1972) proposed a g en etic  d istan ce  
m easu re defined  for th e  case o f  chrom osom al polym orph ism  in  p op u la tion s o f  
D rosophila pseudoobscura :

,л _  P(a ) -  P(b )
D e “  2

w here  [ |. | |  is th e  E uc lidean  norm , p(a) is th e  frequency  of th e  i- th  allele in 
P a an d  p(b) is th e  frequency  of th e  i- th  allele in  P b.

D e is a sim ple E uc lidean  d istance .

H edrick’s measure

A n index  of genetic  s im ila rity  p ro p o sed  by  H e d r ic k  (1971, 1975) is 
b a se d  on geno type frequencies r a th e r  th a n  allelic frequencies
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j  2 У ( а )  • Р!(Ь)

у [Д р !(а))2 + Д р ‘(Ь))2] ’

w here p ‘(a) =  gen o ty p e  freq u en cy  in  P a p o p u la tio n , an d  p ‘(b) =  geno type 
frequency  in  P b po p u la tio n .

Sneath’s index o f  genetic sim ilarity

A n index  of genetic  s im ila rity  was p roposed  b y  S n e a t h  (S okae  and  
S n e a t h  1963):

1 ~  - -  -  > —  ' (16)Is  =
к L

2  N  p lj(a) p lj(b)
L i= i j= i

w here L  is th e  to ta l  n u m b er o f loci; p ‘J(a) an d  p ‘J(b) are  co rrespond ing  fre ­
quencies of th e  j - th  allele in  P a an d  P b locus. T h e  genetic  d istance  is defined  
ev id en tly  by

D s =  1 — Is-

The arc measure o f Cavalli-Sforza and Edwards

In  th e  v ec to r  space R "  a possible m easure  o f d ifference (“ d is tan ce” ) 
betw een  vecto rs p(a) an d  p(b) is th e  angle b e tw een  th em . ( I t  is ev iden t th a t  
th e  o th e r possible d is tan ce  o rig inates from  th e  sca la r p ro d u c t o f th e  v ec to r 
space.) This m easure has th e  d isad v an tag e  th a t  i t  changes non linearly .

L et us consider the

n :  R "  —» R " , p 1 I— ► 2 |  p  ' =  t i

tra n sfo rm a tio n  (see Fig. 3).
The m ap

p : R '1 -> R 1). U {0}, л  i-> (tt1)2/4 =  p 1

ad m its  a sm ooth  inverse on R " defined  by

i: R n_ —> R " , p ' ь + 2 | ^ р > =  n .

A fte r th e  tra n s fo rm a tio n  th e  angle b e tw een  th e  tw o  vecto rs тг(а) and
7t(b) is

cos x  =  ^ ^ ‘(a) тг‘(Ь). (17)
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F ig. 3. T he л:  R +  —> R T , p 1 2 f j ) f  tran s fo rm a tio n  w hen n  =  2 and  n = 3, respectively

F ig. 4. T h e  tran sfo rm a tio n  л  tran s fo rm s  ev ery  sim plex  in to  th e  ( l /2 )n p o rtio n  o f sphere of
rad iu s tw o in  n -d im ensional space

T h a t is
a  =  c o s -1  (^ гг '(а )  7 r ’( b ) )  =  arc  cos ( ^ ’."ï'(a) jr'(b)). (18)

T h is is th e  Ca v a l l i-Sforza  an d  E d w a r d s  m easure of d is tan ce . T he angle 
v a rie s  be tw een  0 an d  jr/2, an d  th e  p rob lem  of non lin ear scale has been  overcom e 
(Ca v a l l i -Sforza and  E d w a r d s  1967, J a cq ua rd  1974, K e m p t h o r n e  1969).

T he above tra n s fo rm a tio n , тг, tran sfo rm s every  A  s im plex  in to  th e  (1/2)” 
p o rtio n  o f sphere of rad iu s  tw o  in  n -d im ensional space (in to  th e  zone in  which 
th e  coo rd inates are p o sitiv e ); see Fig. 4.
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GENETIC DISTANCES, II.
N E W  T R E A T M E N T  O F AN O L D  PA R A D IG M  

B . TÓTHM ÉRÉSZ

D E P A R T M E N T  O F  B O T A N Y ,  K O S S U T H  L A J O S  U N I V E R S I T Y ,  D E B R E C E N ,  H U N G A R Y  

(R eceived : 1 A pril 1985)

T his p a p e r p rovides an  ex ac t sto ch astic  R iem an n ian  geo m etric  t r e a tm e n t of 
genetic  d is tan ce  th eo ry .

C onsider a se t of p o p u la tio n s  w here each  p o p u la tio n  is ch arac te rised  by  a 
den sity  fu n c tio n  f(x , a), w here  x  is a m etric  c h a ra c te r  w hich we th in k  of as a real va lued  
fu n c tio n  o f th e  zygotic  g eno type . A m eth o d  for m easu ring  d is tan ces be tw een  d is tr ib u ­
tio n s o f a p a ram e tr ic  fam ily  is proposed.

E v o lu tio n a ry  and en v iro n m en ta l conse rv a tio n  in te rp re ta tio n  of resu lts  in a c tu a l 
s itu a tio n s  is given. Some ideas ab o u t genetic  d iv e rs ity , in su lar p o p u la tio n s and  th e  
speed of ev o lu tio n ary  change are  also trea ted .

In tro d u c tio n  and  the ou tline o f parad igm

P o p u la tio n  genetics and e v o lu tio n ary  th eo ry  o ccupy  a c en tra l positio n  in  a v a r ie ty  of 
biological d isciplines. M odern  p o p u la tio n  genetics em b races em pirical o b se rv a tio n a l an d  ex ­
p e rim en ta l an d  th eo re tic a l co m ponen ts (cf. C r o w  and  K i m u r a  1970, E w e n s  1979, and  L i 1955).

In  p o p u la tio n  genetics th eo ry , th e  concept o f genetic  d istan ce  h as an  im p o rta n t p lace 
because of th eo re tic a l an d  p rac tica l significance. In  m ac ro ev o lu tio n a ry  th e o ry  one of th e  m o st 
useful ap p lica tio n s o f genetic  d is tan ce  is th e  c o n stru c tio n  of phy lo g en e tic  tree s  ( E w e n s  1979, 
F e l s e n s t e i n  1982, F i t c i i  and M a r g o l i a s h  1967, J a c q u a r d  1974). I n  m ic ro ev o lu tio n ary  
s tud ies th e  genetic  d is tan ce  is used  to  s tu d y  th e  speed of e v o lu tio n ary  changes. I t  is im p o rta n t 
to  em phasize  th a t  increase  in genetic  d istan ce  be tw een  p o p u la tio n s in d ica te s  m ore an c ien t 
ev o lu tio n ary  d ivergence. The s tu d y  of th e  genetic  d is tan ces be tw een  d iffe ren t p o p u la tio n s of 
th e  sam e species (o r be tw een  th e  c h arac te ris tic s  o f th e  sam e p o p u la tio n  m easu red  a t  d ifferen t 
tim es) should  te ll us w h a t e v o lu tio n ary  changes have  ta k e n  place in th e  genetic  com position  
of th e  species.

I n  th is  p a p e r consider how  d is tr ib u tio n s  of a m e tric  t r a i t  (w hich  is genetica lly  un iq u ely  
de te rm in ed ) can be used  to  define a genetic  d istan ce  be tw een  p o p u la tio n s . I t  is assum ed th a t  
th e  genetic  d is tan ce  is ca lcu la ted  from  a sam ple o f in d iv id u a ls  o f  d iffe re n t po p u la tio n s and  
is based  on th e  d is tr ib u tio n s  of a g en etic  t r a i t .  O ur m ain  purpose  is t h a t  th is  d istan ce  should  
p rov ide  a m easu re  o f th e  ten d en cy  a n d  in te n s ity  fo r ev o lu tio n ary  change .

T his p a p e r is a b o u t genetic  d is tan ce  th eo ry . W e give an  e x ac t s to c h as tic  R iem an n ian  
geom etric  fo u n d a tio n  an d  tre a tm e n t o f genetic  d istance.

T here  is a  larg e  l ite ra tu re  on  genetic  d istance  th e o ry  (see C a v a l l i - S f o r z a  and  E d w a r d s  

1967, N e i  1972, N e i  1975, C r o w  an d  D e n n i s t o n  1974).
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The b io m ath en ia tica l m odel

1.1. O U T L IN E  O F T H E  M O D E L

T here  is an  ex ten siv e  l ite ra tu re  on  th e  m easures of d is tan ce  b e tw een  p o p u la tio n s . The 
d is ta n c e  m easures used can  b e  g rouped  b ro ad ly  in to  tw o categories:

(i) M easures based  on  id eas fro m  in fo rm a tio n  th eo ry .
(ii) M easures re la te d  to  th e  geom etrical co ncep t o f d istance.
A  wide v a rie ty  o f m easu re s o f th e  d is tan ce  ty p e  hav e  b een  used  e.g. in  m u ltiv a r ia te  

a n a ly s is  (see, e.g., A n d e r b e r g  1973, G o w e r  1967, M a r d i a  e t al. 1979, O r l ó c i  1978, S o k a l  

a n d  S n e a t h  1973). In  th is  p a p e r  we consider a m eth o d  for m easu rin g  d istan ces b e tw een  dis­
t r ib u tio n s  of a p a ram etric  fam ily . T he m easu re  is based  on a m etric  o f a R iem an n ian  geom etry . 
T h e  fo rm alized  m odel is th e  follow ing.

C onsider a se t o f p o p u la tio n s  P  =  { P a; a £ A ), w here th e  in d iv id u a ls  of each  p o p u la ­
tio n  a re  characterised  b y  a m e tric  ch a ra c te r  x  w hich  we th in k  of, from  genetic  p o in t o f view , 
as a re a l valued  fu n c tio n  o f th e  zygotic  gen o ty p e . L e t, fu r th e r , S: =  (f(x , a); a £  A} be a 
fa m ily  o f p ro b ab ility  d e n s ity  fu n c tio n s.

So th e  usual s ta tis t ic a l  fu n c tio n s are  defined  as follow s:

cf. K u l l b a c k  1959 a n d  S c h m e t t e r e r  1966).

1 .2. STOCH ASTIC R IE M A N N IA N  G E O M E T R Y  I.

T h e  m ethods of d iffe ren tia l g eo m etry  h av e  been  applied  to  m a th e m a tic a l s ta tis t ic s  for 
a  con sid erab le  tim e (see F i s h e r  1921, M a h a l a n o b i s  1936, R a o  1949, K u l l b a c k  an d  L e i b l e r  

1950, C h e n t s o v  1964). T hese  a re  based  on F i s h e r ’ s  in fo rm a tio n  m a tr ix  ( in te rp re ta b le  as a 
R iem a n n ia n  m etric  ten so r) , on K u l l b a c k ’ s  asy m m etric  in fo rm a tio n  d is tan ce , an d  on 
C h e n t s o v ’ s  probab ilistic  a ffin e  connection .

F ro m  m a th em a tica l p o in t of view  le t us consider a fam ily  S =  {f(x, a); a £ A} of 
p ro b a b il i ty  densities f(x , a) on a m easu rab le  space (X , gЯ), p a ram e tr ize d  sm o o th ly  b y  a 
v e c to r  p a ram e te r a 6 A, w ith  re sp ec t to  som e ca rrie r cr-finite m easu re  on a (T-algebra o f th e  
su b se ts  o f th e  sam ple space  X . (X , оЯ, P  =  { P a; a £ A}) is said  to  be a s ta tis t ic a l  space. 
A  d is tr ib u tio n  is specified b y  a se t o f n  rea l p a ram e te rs  a =  (a1, . . ., a 11). T h en  we can  con­
s t ru c t  a n  n-dim ensional space  S of d is tr ib u tio n s  w ith  a co o rd in a te  system s a — (a 1, . . ., a 11). 
W e assu m e th a t  f(x , a) is defin ed  for a belonging to  an  open su b se t A of n -d im en sio n a l 
E u c lid e a n  space I R n.

L e t T aS be th e  ta n g e n t  space of S a t  a. L e t ej (i =  1, . . ., n ) be th e  n a tu ra l  basis of 
T aS asso c ia ted  w ith  th e  co o rd in a te  system s. T hen

V ar(x ) j (x  — x )2 f(x , a) dx

n
d a  =  ^  da'ej 

i = i
in  th e  ta n g e n t  space T aS.

L e t £ (x , a): =  log f(x , a). Since each  p o in t of S carries a fu n c tio n  £ (x , a) o f x, i t  is 
n a tu r a l  to  regard  ej(a) a t  a as re p re sen tin g  th e  fu n c tio n

ej(a ) =  # j£ (x ,  a),

w here d\ is th e  ab b rev ia tio n  fo r th e  p a r tia l  d e riv a tiv e  w ith  reg ard  to  aj, =  д/длК
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T h en  a m etric  is defined in  S b y  th e  tensor

glj(a) =  E {d i£ ( * ,a ) d j£ ( x ,a ) } I (1)

w here E  deno tes th e  e x p ec ta tio n  w ith  re sp ec t to  f(x , a) (see A m a r i  1982a an d  b). T he ten so r 
gij(a) is a c o v arian t ten so r of second o rd e r and  is called th e  R iem a n n ia n  m etric  tensor. As it 
is well know n, (1) is n o th in g  o th e r th a n  th e  F i s h e r ’s in fo rm a tio n  m a tr ix  (a t  a ); K u l l b a c k  1959.

In  o rder th a t  gjj(a) is well d e fin ed  an d  th a t  gjj is p o sitiv e  d e fin ite  (or e,’ s are linearly  
in d ep en d en t), we need  som e re g u la r ity  conditions. N am ely , th a t  S is a sm o o th  subm anifo ld  
in  a fu ll, reg u la r, m in im ally  rep re se n ted  ex p o n en tia l fam ily  ( B a r n d o r f f - N i e l s e n  1980 and  
A m a r i  1982a).

In  th is  m an n e r we endow  th e  space  S w ith  th e  q u a d ra tic  d iffe ren tia l m etric

(ds)2 =  У  &j(a )fla ‘d a J . (2)
• d = i

W e h e rea fte r  use th e  E i n s t e i n ’s su m m atio n  convention  so th a t  th e  su m m atio n  is a u to ­
m atica lly  ta k e n  for those  indices t h a t  a p p ea r tw ice in one te rm  once as su b sc rip t and  once

n
as su p ersc rip t (unless th e  c o n tra ry  is s ta te d ) . T hus, oqx1 m eans ^  cqxi, w here n  =  d im  S.

i = l
T he expression  (2) is a m easu re  o f in fin itesim al d is tan ce  be tw een  tw o  p ro b a b ility  d is­

tr ib u tio n s  close to  each  o th er and th e  d is tan ce  defined by  i t  m ay  be u sefu l in  (m icro)evolu- 
t io n a ry  s tu d ies w here g rad u a l change ta k e s  place in th e  d is tr ib u tio n  of a genetic  t r a i t  fo r a 
p o p u la tio n  in  m oving fro m  s ta te  a to  b .

L et us consider a fu ll, m in im ally  rep resen ted  e x p o n en tia l fam ily  w ritte n  in th e  form  

f(x , a) =  exp {a'xj — yj(a)}. (3)

T he m etric  ten so r is easily  calcu la ted  as th e  expected  v a lu e  of y>(a):

E ( x j )  =  d iV (a ) ,

and
gij(a) =  didjv>(a)

is th e  m etric  ten so r o f th e  space of p ro b a b ili ty  d is trib u tio n s [ ty p e  (3)] ( A m a r i  1982a an d  b).
L e t us consider an  exam ple, w here  th e  d is tr ib u tio n  o f th e  exam in ed  t r a i t  is no rm al 

d is tr ib u tio n  N (m , s2). T he fam ily  o f one-d im ensional no rm al d is tr ib u tio n s  N (m , s2) is specified 
b y  tw o  p a ram ete rs , th e  m ean  m , an d  th e  variance  s2. The d e n s ity  fu n c tio n  is

f(x ; m , s2)
1

exp
(x — m )2 

2s2

L et us in tro d u ce  th e  n a tu ra l  p a ra m e te rs

an d  a vec to r defined by

T h en  we have

a* =  —
JL
2 s 2 '

Xt =  X, X2 =  X2.

f(x , a) =  exp {a’Xj — y>(a)},
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w here

So th e  m etric  tensor

a n d  th e

y>(a) =  — (a1)2 1
4 a2 2 b g ( — a 2) +  у  log я .

gij(a) =
2m s2

2m s2 4m 2s2

ds =  (gjj(a) d a 'd a i)1/2

(in fin ite s im a l)  d istance re p re se n t a m easu re  o f d istance  be tw een  d is tr ib u tio n s  f(x , a) and 
f(x , a  +  da).

1.3. STO CH A STIC R IE M A N N IA N  G E O M E T R Y  I I .

L e t a (t) be a sm o o th  cu rv e  in  S w here  t  is a p a ram ete r. In  R iem an n ian  geom etry  th e  
le n g th  o f th e  sm ooth cu rve  is v ( t) :  A  —*■ I R  fro m  v ( t ,)  =  b  to  v ( t2) =  c is defin ed  to  be

s ( b , c ) =  | ( g i j ( a )

tl

da  jy /2
d t J

d t

w h ere  b , c £ A (Spivak  1965). T he m in im iza tio n  of s(b, c) over all sm o o th  cu rves betw een 
tw o  p o in ts  b and c of S d efines a m etric . H ence th e  space of p ro b a b ility  d ensities S, whose 
all m em b ers  satisfy  ce rta in  re g u la r ity  co n d itions, is a m etric  space. L e t us den o te

T h e  fu n c tio n

d (b , c) =  m in  s(b, c)

d : S x S  —► IR , (b , с) I-*- d (b , c)

(4)

is ca lled  d istance fu n c tio n  a n d  d(b , c) is th e  d istan ce  betw een  th e  tw o  p o in ts  b  and  c. The 
sp ace  (S, d) is called a m etric  space (see, e.g. K e l l e y  1955).

(4) is the distance w hich Rao proposed as a measure of distance betw een distribution  
w ith  param eters b and c; R ao 1982.

A curve w hich ach ieves th e  sh o rte s t  d istan ce  betw een  tw o p o in ts  is called  a geodesic. 
F o r exam ple th e  s tra ig h t  line is geodesic in a E u clid ean  space. On th e  sph ere  geodesics 

a re  a rcs  o f g reat circles (i.e. th e  in te rse c tio n  of th e  sphere w ith  p lanes th ro u g h  zero).
Geodesics can be de fin ed  in  th e  u su a l w ay  e ith e r as ex trem als  o f  th e  v a r ia tio n a l problem  

m in   ̂ ds o r as curves w ith  zero  geodesic c u rv a tu re . A geodesic is given (from  v aria tio n a l 
p o in t  o f view ) as the  so lu tio n  o f th e  E u l e r - L a g r a n g e  eq uations

d2a'(t) p k da* da> 
d t2 ^  ij dt dt

w h e r e  Г ”  i s  t h e  C h r i s t o f f e l  s y m b o l  o f  t h e  s e c o n d  k i n d  a n d  i s  d e f i n e d  b y

к I
Г . .  =  2 g km(^iSjm ^jSmi ^mSij)*

T he fam ily  of geodesics coincides w ith  the fam ily of integral curves of this system  ( S p i v a k  

1965, S t o k e r  1969).
T h e  geodesic is a n a tu ra l  ex ten sio n  of th e  no tion  of s tra ig h t line in a E u c lid ean  space. 

I f  Gjj(a) van ishes id en tica lly , th e  E u l e r - L a g r a n g e  eq u atio n  is lin ea r by  t :  a '( t)  - a 't  -|- ß l.
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B iological examinations

2.1. A S IM P L E  E X A M P L E

C onsider a  genetic  t r a i t  o f th e  P a p o p u la tio n  a t  po in ts o f  tim e  t t and  t 2. A ssum e th a t  
th e  d is tr ib u tio n  o f th e  exam ined  g en etic  t r a i t  is norm al. The d is tr ib u tio n  a t  t t an d  t 2 d iffer 
on ly  in  th e  m eans (see F ig . 1). T he d is ta n c e  betw een  d is tr ib u tio n s  N (m u s2) and  N (m 2, s2) 
is g iven  by

Л /  2 \  I I /  I m t  —  m 2 !(1(111,, m 2; m , — m 2 |/s =  —------------------

—I-------------------------1-----------------------
m 1 m2 Irait

F ig. 1. T he exam ined genetic  t r a i t  is n o rm a lly  d is trib u ted  a n d  th e  d is trib u tio n s d iffer on ly
in  m eans

T he E u l e r - L a grange  equ atio n s are  in  th is  case th e  following

dm
d t

i =  0, i =  1, 2. (5)

T he so lu tion  of geodesic e q u a tio n  (5) is: m j(t)  a 't  +  ß'. I t  is n o th in g  o ther th a n  th e  e q u a ­
t io n  of th e  s tra ig h t line in a E u clid ean  space.

T he s itu a tio n  is less clear (from  biological p o in t of v iew ) w hen  th e  d is tr ib u tio n s  do 
n o t  d iffer in  m eans b u t  only in  v a rian ces. T h e  prob lem  is m ost confused  w hen the  d is tr ib u tio n s  
d iffer in  b o th  m eans an d  variances.

The f irs t case (w hen v a rian ce  ch an g es) is biologically v e ry  im p o rta n t because  o f th e  
n e x t  in te rp re ta tio n .

2.2. A F E W  ID E A S  A B O U T G E N E T IC  D IV E R S IT Y

G enetic d iv e rs ity  is one of th e  c e n tra l  prob lem s of p o p u la tio n  genetics and e v o lu tio n ary  
th e o ry  and , also o f en v iro n m en ta l c o n se rv a tio n  (cf. Mu rray  1972 a n d  V id a  1978). T h ere  are 
n um erous m easures o f d iv e rs ity  (see, e .g . R ao 1982). One of th e  b e s t know n fu n c tio n  is th e

F ig. 2. How does genetic  d istance  ch an g e  w hen th e  m ean is c o n s ta n t and only th e  genetic
v a r ia b il i ty  changes?
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S h a n n o n -W ea v er’s m easu re . H ow ever, th e re  is a  class of m easures o f in fo rm a tio n  o th er 
t h a n  S h an n o n ’s m easure  (cf. S c h ü t zen b er g er  1955). One m em ber o f  th is  class is F is h e r ’s 
in fo rm a tio n .

F ro m  th is p o in t o f v iew  th e  genetic  d iv e rs ity  o f one p o p u la tio n  w ith  no rm ally  d is­
t r ib u te d  genetic  t r a i t  is 1/1, w here

I =  f i d b f ( x , a )  j* f(x;a)dx

is th e  F is h e r ’s in fo rm atio n . W h ereas (in th is  case)

(x  — m )2

So

I =

f(x ; m , s2) - (/2yrs) 1 exp {
I / 2 л  s

dx

T h u s , th e  genetic d iv e rs ity  o f th is  p o p u la tio n  is s2.
T he above q u estio n  is: H ow  does genetic  d is tan c e  change, w hen  th e  m ean  is co n stan t 

a n d  o n ly  th e  genetic d iv e rs ity  changes? ( I t  is assu m ed  th a t  the  ex am in ed  genetic  t r a i t  is 
n o rm a lly  d is trib u ted .)

In  th is  case th e  d is tan c e  be tw een  th e  d is tr ib u tio n s  (N(m , sf) an d  N (m , s |)  is given by  

d(m ; s;, s;) =  / 2  | In (s js .,)  \

R e d u c tio n  of th is m etric  to  one o f a E u clid ean  space is im possible (cf. A t k in s o n  and  Mitch ell  
1982) ! T he geom etry  fo r th e  ch an g e  of genetic  v a ria n ce  is no t E uclidean .

See th e  following ex am p les.
(1) L e t sl =  0.11 a n d  th e  red u ctio n  of genetic  d iv e rs ity  (v a ria b ility )  is 0.1 (zls =  0.1). 

So s 2 =  0.01 and

d =  3.39

(2) L e t s2 =  0.2 a n d  sL =  0.1. In  th is  case

d =  0.98

(3) L et Sj =  1.1 a n d  s 2 =  1.0, so zls is also 0.1.

d = 0 .1 3 5

(4) L e t sL =  10.1 a n d  s 2 =  10.0

d =  0.014

(5) L et Sjl =  100.1 a n d  s 2 =  100.0

d =  0.0014

T h e  ra te s  o f changes for d is tan c es

d t/d 2 =  3 .5 , d j d 3 =  25, d t/d 4 =  242, d x/d 6 =  2421.
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F ig. 3. “ d ”  is th e  re su lt of ch ange , zfs, in genetic  v a ria b ility

T he change of v a r ia b ility  in  each  case is 0.1, b u t  th e  genetic  d istance b e tw een  N (m , (s -f- 0.1)2) 
an d  N (m , s2) is 2421 tim es larg e r in  th e  f ir s t  case (low v a ria b ility )  th a n  in  th e  case w hen  th e  
genetic  v a r ia b ili ty  o f p o p u la tio n  is h igh  (e.g. f i f th  case).

T he re su lt of change, zls, in genetic  v a r ia b ili ty  is: w hen th e  genetic  v a r ia b ili ty  decreases 
in lin ea r m an n e r th e  genetic  d istance  b e tw een  N (m , (s +  Zls)2) an d  N (m , s2) increases in 
y  =  Ÿ2 I ln  X I m an n er sim u ltan eo u sly  (see F ig . 3). T h is fa c t has considerab le  consequences 
from  tw o  p o in ts  of view .

(a) In te rp re ta t io n  from  th e  p o in t of v iew  of env iro n m en ta l co n se rv a tio n . P ro b a b ili ty  
of “ d eg en e ra tio n ”  an d  e x tin c tio n  of p o p u la tio n  increases in y  =  / 2  | In x  | m an n e r  as a 
p o p u la tio n  v a r ia b ili ty  decreases in lin ea r m an n e r. I t  m eans th a t  en v iro n m en ta l co n se rv a tio n  
(e.g. system s of gene ban k s) is f ru itfu l if  (a n d  o n ly  if) th e  conserved cou n tries  h av e  a large  area.

(b) E v o lu tio n a ry  im p lica tions: In  a n  is lan d  fa u n a  or in  an  iso la ted  p o p u la tio n  w here 
th e  n u m b er o f in d iv iduals and  th e  genetic  d iv e rs ity  o f th e  p o p u la tio n  is low  th e  ev o lu tio n  
(of th e  p o p u la tio n ) is qu icker th a n  in a h ig h ly  d iverse  p o p u la tio n  (a n d  th e  p o p u la tio n  is 
m ore “ v u ln erab le”  too).

I t  is a  w ell-know n fa c t th a t  th e  genetic  v a r ia tio n  d iv ers ity  is u n d e rly in g  to  ev o lu ­
t io n a ry  change. I t  im plies th e  qu estio n : H ow  is th e  level of v a r ia b ility  (d iv e rs ity )  re g u la te d  
in  a p o p u la tio n ?

G enetic  v a r ia tio n  prov ides p o p u la tio n s  w ith  ev o lu tio n ary  f lex ib ility . H o w ev er, in d i­
v id u a l v a r ia b ili ty  can  reduce  th e  m ean  fitn e ss  w h en  th e  in d iv id u a l carries th e  less f i t  v a r ia n ts  
in  th e  gene pool of th e  p o p u latio n .

T he q u estio n , how m u ch  genetic  v a r ia tio n  occurs in  n a tu ra l  p o p u la tio n s , is n o t  easy  
to  answ er because  v a ria b ility  c an n o t be  m easu red  read ily . B u t we know  t h a t  th e  d e te c ta b le  
level o f enzym e po lim orphism  ( it is low er th a n  th e  real) is high.

2.3. T H E  G E N E R A L  CASE

T he case w hen d is tr ib u tio n s  o f th e  fam ily  differing  in b o th  m ean  a n d  v a rian ce  is 
d ifficu lt. In  th is  case th e  re le v an t d istan ce  is th e  follow ing:

, 9,1

m , , m „ ,  st , si) =  Ÿ2 I
j J sin  tp
<Рг

w here
y>i =  s in -1 (sJ q) i =■ 1, 2,

][î I log
ta n  (y>, / 2 ) 
ta n  (ip2/2)
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an d

О2 =  Si +  — т г)2 — 2(sf — 6i) ]2/ [ 8(m i — т г)2]>

w here  each щ  being  ta k e n  to  be  th e  in te rv a l N)if  im m n an d  in f  riij m 0 w here

4 0  = ,  ( m L +  m 2> +  ( S1 +  s | ) / (m l  — m s)

(see A tk in so n  and  M it c h e l l  1982).
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THE ULTRASTRUCTURE
OF A Z O T O B A C T E R - C H L A M Y D O M O N A S  SYMBIOSIS

N. H . N g h i a *, I . Gy u r j á n **, I .  T u rtó czk y*, G y . P a l e s s *,

a n d  I .  S t E F A N O V IT S *

* D E P A R T M E N T  O F  G E N E T IC S ,

** D E P A R T M E N T  O F  P L A N T  A N A T O M Y , E Ö T V Ö S  L O R Á N D  U N I V E R S I T Y , B U D A P E S T , H U N G A R Y

(R eceived: 15 D ecem ber 1985)

Cells of cell-w all m u ta n t and  w ild -ty p e  of C hlamydomonas reinhardii were forced 
in to  association  w ith  n itrogen-fix ing  Azotobacters and  w ere c u ltu red  on n itrogen  and  
carbon  free m ed ium . T he associated  a lga  an d  Azotobacter cu ltu res  m ain ta in ed  for over 
tw o y ears show ed t h a t  alga cells can su p p o rt suffic ien t g ro w th  of Azotobacters an d  th e  
alga cells re ta in e d  th e ir  green colour a n d  v isible grow th. T he b a c te ria  have been show n 
in th e  in te rce llu la r spaces and on th e  surface  of th e  alga cells. T he bacterium  an d  alga 
cells can  d iv ide in  sym bioses as th e y  do in  pu re  cu ltu res.

Acta Botanica Hungarica 32 (1 -4 ), pp. 161-165 (1986)

Introduction

Biological n itro g en  f ix a tio n  is one of th e  special and  in te res tin g  phenom ena in  n a tu re , 
because  only certa in  p ro k a ry o tic  m icro-organ ism s have been show n to  possess th is ab ility , 
such as b ac teria  an d  b lue  green algae. T hese p ro k a ry o te s  occur in  so-called free-living form s 
e.g. aerobic Azotobacters o r anaerobic Clostridia, or in  a ssoc iations w ith  h igher p lan ts  e.g. 
R hizobium  w ith  legum es or A zosp irillum  spp . in  rh izosphere  o f grasses. In  the  recen t y ears 
m an y  a tte m p ts  have  b een  m ade to find  new  sources o f n itro g en  f ix a tio n  and to ex ten d  th is  
a b ility  to  various non-legum inous species by  estab lish ing  sym bioses w ith  n itrogen  fix ing  
organism s. P rev ious re p o rts  clearly d e m o n s tra ted  th a t  n itrogenase  a c tiv ity  could be in duced  
in  v itro  in  associations b e tw een  R hizobium  and  legum e as well as non-legum e tissue cu ltu res  
(H o lstein  e t  al. 1971; Ch il d  1975; Sco w ecro ft  and  G ibson  1975; R anga  R ao 1976) o r 
be tw een  A zosp irillum  brasilense  and  sugarcane  tissue  cu ltu res (Va sil  e t al. 1979; B erg  e t  al. 
1979; B erg  e t al. 1980). Carlson  and  Ch a l e f f  (1974a; 1974b) re p o rte d  th a t  callus cu ltu res  
o f ca rro t inocu lated  w ith  Azotobacter v ine land ii could  grow  on m ed ia  lacking com bined n i tro ­
gen, while un in o cu la ted  callus failed to  grow  in th e  sam e m edium .

Azotobacter species have  been show n to  f ix  n itro g en  in  th e  free-liv ing  form s an d  w ere 
m ixed  w ith  Chlam ydom onas reinhardii cells (G y u r já n  e t al. 1984). In  o rder to s tu d y  th e  
in te rac tio n  of Azotobacter an d  h igher p lan ts , we have  in v es tig a ted  th e  long-te rm  re la tio n sh ip  
in  forced associations b e tw een  Azotobacters an d  alga cells. The u l tra s tru c tu ra l  aspects o f th is  
association  are described  in  th is  paper.

Materials and methods

Azotobacter species: Species of Azotobacters such  as A . chroococcum, A . beijerinckii, A .  
agilis, A . v inelandii w ere  used  in these ex p erim e n ts  as we have  w ritte n  in a previous p a p e r 
(G y u r já n  e t al. 1984).
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Fig. 1, Cells of w ild -type  and  cell-w all m u ta n t  (cw !5) of C hlamydomonas reinhardii

F ig . 2. Cells of Azotobacters —  A . chroococcum  (a ) —  A . beijerinckii (b) —  A . agilis (c) —
A . v in e la n d ii (d)

Chlamydomonas reinhardii : W ild -type  a n d  cell-w all m u ta n ts  (cw l5 ) o f un ice llu lar green  
a lg a , Chlamydomonas reinhardii o b ta in ed  fro m  R . F . M a t a g n e , L a b o ra to ry  of M olecular 
G en etics , U n iv ersity  o f Liege, B elgium , w ere used .

Establishm ent o f  the associations: Cells o f w ild -type  and cell-w all m u ta n t  of C hlam y­
dom onas reinhardii w ere forced in to  assoc ia tion  w ith  cells of s tr ic tly  aerob ic  n itro g en  fix ing  
Azotobacter species an d  th e  a lg a -b ac teria  a sso c ia ted  cu ltu res have  b een  m ain ta in ed  on  a 
co m b in ed  n itrogen  and  ca rb o h y d ra te  free m ed iu m  since 1983.

Electron microscopy : Cells hav e  been  h a rv es te d  and fixed in  1%  g lu ta ra ld eh y d e  (2 mM  
К —-Na p h ospha te  b u ffer, p H  7.2 for 2 h  an d  p o st-fix ed  w ith  1% 0 s 0 4 using  th e  sam e puffer 
fo r 2 h. T he sam ples w ere d e h y d ra ted  in  e th a n o l series and p ropylene  ox id , th en  em bedded  
in  D u rc u p an  ACM (F lu k a). T h in  sections w ere  c u t w ith  a P o rte r-B lu m  MT-1 u ltram ic ro to m e, 
s ta in e d  w ith  u ra n y l a ce ta te  and  lead  c itra te  a n d  th e n  exam ined w ith  a T esla BS-500 e lectron  
m icroscope.
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Results and discussion

T he f in e  s tru c tu re  of original alga (w ild -type  an d  cell-wall m u ta n t)  a n d  
Azotobacter cells is show n in Fig. 1 and  F ig . 2. M orphological form s of c o n ta c t 
betw een  b a c te r ia  and  algae in  sym biosis can  be seen in  Figs 3, 4 and  5. F ig u re  3 
shows a to ta l  p ic tu re  of sym biosis w ith  m a n y  b a c te ria  around  th e  cell-w all 
m u ta n t alga cell. F ig u re  4 shows one Azotobacter cell in  c o n ta c t w ith  th e  m em ­
brane  of alga cell an d  Fig. 5 shows b a c te riu m  cell be tw een  tw o alga cells.

F igure  6 show s th e  div id ing b a c te ria  beside th e  alga cells and  in  th e  
in te rce llu la r space, suggesting  th a t  alga cells can su p p o rt suffic ien t g ro w th  of 
Azotobacters in  th ese  associations.

Fig. 3. cw !5  alga cell w ith  su rrounding  Azotobacter cells in  forced association

F ig. 4. B ac teriu m  (b) on th e  su rface  of a lga  cell (ac)
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F ig. 5. B acterium  (b) b e tw een  tw o alga cells

F ig. 6. D ividing Azotobacter cells beside th e  alga cells and in  th e  in te rce llu la r  space

F ig . 7. Sm all alga cells a f te r  cell division

Acta Botanica Hungarica 32, 1986



AZOTOBACTER-CHLAMYDOMONAS SYMBIOSIS 165

F igure 7 show s sm all alga cells a f te r  d iv ision  in to  four d a u g h te r  cells 
( te tra d ) , in d ica tin g  th a t  alga cell could get n itro g en  from  b a c te ria  fo r th e ir  
g row th  and  developm en t.

F o r th ree  m on th s we h ad  alw ays tra n s fe rre d  Azotobacter cells assoc ia ted  
w ith  algae on to  th e ir  ow n m edium  to  check th e  presence an d  g row th  o f b a c ­
te r ia  an d  we alw ays found  a b u n d a n t g ro w th  of th em . In  som e associations 
w hen  Azotobacters grew  too qu ick ly , th e y  decreased  effectively  th e  g ro w th  o f 
alga cells, h u t in  m ost cases we found  stab le  associations w ith  su ffic ien t g ro w th  
an d  division of b ac te ria  and algae. T he b est associations w ere m a in ta in e d  
over tw o years  an d  th e y  re ta in e d  th e ir  g reen  colour an d  visib le g ro w th  a ll 
th e  tim e. This fa c t allows us to  suggest th a t  algal cells in  th e  associa tion  are  
jd io to sy n th e tic a lly  ac tive  and  Azotobacters can  tak e  up ce rta in  carb o n  co m ­
p ounds excre ted  b y  Chlamydomonas from  th e  m edium .

Algal g lu tam in e  sy n th e ta se  a c tiv ity  w as found  to  be h igh  in  sy m b io tic  
cu ltu res  (N ghi a  e t al. 1986), th u s  am m onia  can  read ily  b u ilt  in to  C hlam ydo­
monas cells. T h is a ssu m p tio n  is su p p o rted  b y  th e  re su lts  of severa l w orkers 
( N e wt on  e t al. 1953, K l e i n e r  1974, K a r u b e  e t al. 1981) who d e m o n s tra te d  
t h a t  n itrogen  fix in g  Azotobacters are ab le to  excrete  am m onia  an d  o th e r  
n itro g en o u s com pounds in to  th e  m edium .
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Z .  K e R E S Z T Y  a n d  L. S Z IL A G Y I

ECOLOGICAL AND BOTANICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY 
OF SCIENCES, H-2163 VÁCRÁTÓT, HUNGARY

(R eceived : 1 J u n e  1985)

T he a u th o rs  give acco u n t o f  co m p ara tiv e  cy to logical s tu d ies  on 21 po ly p lo id  
po p u latio n s o f th e  H u n g a rian  Scilla bifolia  species group , a n d  o f th e  f irs t  re su lts  o f  a 
cy togenetic  ev a luation . O f th e  p o p u la tio n s 20 p roved  of te tra p lo id  an d  1 of h ex ap lo id  
level. As to  th e ir  k a ry o ty p es  th ey  show  a g re a te r  v a r ia tio n  th e n  th e  diploids. I t  can  
be estab lished  th a t  th e  species g roup  form s in  H u n g ary  a p o lyp lo id  com plex w ith  th e  fo l­
lowing s tru c tu re : 2n =  18 — 36 — 54. H ow ever, c erta in  p h en o m en a  like  th e  consp icuously  
low D N A  c o n ten t of th e  hex ap lo id  suggest a  d ifferen t line  o f evo lu tion . In  a n y  case , 
n a tu ra l h y b rid iza tio n  is supposed  to  hav e  p lay ed  an  im p o r ta n t  ro le in shap ing  u p  th e  
p re sen t form  of th e  com plex. T he k a ry o ty p e s  exam ined are  h ig h ly  d iversified  w hich  
confirm s th e  resu lts  o b ta in ed  w ith  o th e r  m ethods ( K e r e s z t y  and  P o d a n i  1985).

In  th e  course o f o u r cy to log ical s tu d ies  on  th e  H u n g a rian  p o p u la tio n s of th e  Scilla  
bifolia  species group  we now  give acco u n t o f th e  k a ry o ty p e  analysis o f polyploid  p o p u la tio n s 
and  ex pound  our view  of th e  cy to g en etic  e v a lu a tio n  of th e  g roup . P rev io u sly  we spoke of 
di-, te tra -  and  hexaplo id  po p u la tio n s of th is  species group as liv ing  on  th e  area of H u n g a ry  
( K e r e s z t y  and  S z il á g y i  1984). W e fo u n d  th e  d ip lo id  popu lations in  th e  D anube  b as in  to  be 
h igh ly  sim ilar to  each o th er b o th  k aryo log ica lly  an d  m orpholog ically , w ith  a p a ir of SAT- 
chrom osom e as com m on fea tu re . I t  becam e c lear t h a t  th is group w as id en tica l w ith  th e  ta x o n  
described b y  Speta  as S. vindobonensis. In  p o p u la tio n s  liv ing  in  th e  T ran sd an u b ian  M iddle 
R ange  we found  kary o g ram s basica lly  co rrespond ing  to  th is  g ro u p  th o u g h  as reg ard s th e  
a rran g em en t o f h e te ro ch ro m a tin  an d  size of chrom osom e still d iffe rin g  from  it. M inor d if­
ferences are show n again  by  th e  g roups in  S o u th e rn  H u n g a ry , in  th e  m o un ta ins o f M ecsek 
an d  V illány i. D iploid k a ry o g ram  w ith o u t d em o n strab le  SA T-chrom osom e characterizes th e  
po p u la tio n s to  be found  along th e  e a s te rn  fro n tie r  o f th e  co u n try ; th e y  even differ in  o u te r  
m orphological fea tu res  from  th e  fo rm er p o p u la tio n s  and  on  com p ariso n  p roved  iden tica l w ith  
th e  S. k ladn ii Schur.

H igher d iv e rs ity  can he observed  am ong th e  polyploid g ro u p s w hich  even w ith  bio- 
s ta tis tic a l m eth o d s can  be m u ch  b e tte r  se p a ra ted  ( K e r e s z t y  a n d  P o d a n i  1984). P re se n t 
s tu d y  serves for basic o rien ta tio n  concerning th e  v a ria tio n  of po lyp lo id  po p u la tio n s in  
H u ngary .

Material and method

T he p re p a ra tio n  of th e  analyses, th e  co n d itio n  and  raising  c ircu m stan ces of th e  p lan ts  
u sed , th e  com position  of th e  liv ing  p o p u la tio n  sam ple  collection, a n d  th e  m eth o d  of th e  
cy to log ical analysis w ere described in th e  f irs t  p a r t  ( K e r e s z t y  a n d  S z il á g y i  1984). H ere  we 
p re sen t th e  d a ta  of th e  polyploid p o p u la tio n s used  as g rouped  by  chrom osom e nu m b er (T able  1). 
N ew  d a ta  o f H u n g a rian  h a b ita ts  are: M átra-G ödörvö lgy ; T a rk ő -a lja ; B erzence; K isba jom .

W e w ere f irs t  to  id en tify  a hex ap lo id  s ta n d  in  th e  V elence ran g e  of hills, n e a r th e  
village N adap .

A c ta  B o ta n ica  H ungarica 32, 1986  
A k a d é m ia i K iadó , B u dapest
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Table 1

o>00

Collecting data and chromosome numbers o f  the studied populations

Sample
num ber Village

Chromosome
num bers County Geographical locality P lan t com munity

A ltitude
(ni)

l . Soponya 18 Fejér Mezőföld, Fácános-forest Fraxino- Ulmetum 130
2. N agyhideghegy 36 Pest B örzsöny Mts. Aconito- Fagetum 850
3. M átraháza 36 Heves Kékes, Gödör valley Aconito- Fagetum 700
4. Som oskőújfalu 36 N ógrád K arancs Mt. M elitti- Fagetum 600
5. F e lső tárkány 36 Borsod V árhegy E aste rn  slope T  ilio- F raxinetum 650
6. Cserépfalu 36 Borsod H ór-river valley M elitti- Fagetum 250
7. R épáshu ta 36 Borsod K erekhegy, K ajlabérc T  ilio- F raxinetum 650
8. R épáshu ta 36 Borsod R épáskú ti vö lgybejára t M elitti- Fagetum 430
9. R épáshu ta 36 Borsod T arkő  alja M elitti-Fagetum 540

10. L illafüred 36 Borsod Szent Is tv án  lápa M elitti-Fagetum 550
11. R ép ásh u ta 36 Borsod N agyrét Aconito- Fagetum 760
12. Szilvásvárad 36 Borsod Istá llóskő peak Aconito- Fagetum 958
13. U jszen tm arg ita 36 H ajdú H ortobágy , M argitta i-forest Galatello-Quercetum 100
14. Ik e rv á r 36 Vas K em eneshát, Ikervári-fo rest Querco- Ulmetum 150
15. N agym ákfa 36 Vas K em eneshát, Hollósi-forest Querco- U Imetum 150
16. A lsóújlak 36 Vas K incs-lyuk Querco- U Imetum 160
17. K ám 36 Vas K em eneshát, Je li a rbo ré tum Querco- Ulmetum 230
18. K isbajom 36 Som ogy Belső-Somogy, M óriczi-forest Helleboro dumetorum-Carpinetum 200
19. Berzence 36 Somogy Perdóczm ajor, P a rk fo rest Fraxino-pannonicae-Carpinetum 130
20. Pálfa 36 Tolna Tolnai h eg yhát, Simon-

tornyai-forest Helleboeo dumetorum-Carpinetum 200
21. K urd 36 Tolna Som ogyi-dom bság, Ilajagos-

forest Querco robori-Carpinetum 130
22. N adap 54 Fejér Velencei M ts., Tem plom hegy Aceri tatarico-Quercetum ornetosum 250
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R esu lts

B y classical k a ry o ty p e  analysis 20 o f 21 p opu lations p roved  te tra p lo id  and  1 hexa- 
p lo id . T he te trap lo id s occur a lm ost exclu siv e ly  on th e  m o u n ta in o u s an d  h illy  a reas of the  
c o u n try , u sually  in  v e ry  re s tr ic ted  h a b ita ts  (F ig . 1). A t f ir s t  s igh t th e ir  k a ry o g ram e  are 
s im ila r; as a com m on fe a tu re , th ey  hav e  n o t  clearly  v isible SA T-chrom osom es. S till, in  a 
n u m b e r of p opu lations we observed re m a rk ab le  differences. O f th e  k a ry o ty p e s  we show the  
4 m o st characteris tic  ones (F igs 2a, b, c, d ), an d  a d e ta iled  k a ry o g ra m  analysis was m ade 
w ith  sam ples 4 and 22 (F ig s 3 and 4). T he ch rom osom e-pairs are g rouped  b y  sy m m etry  and

T ab le  2

Data o f  chromosomes 
o f popula tion  sample 4 

(Scilla  buekkensis Speta)

Group Lengths of arm,
jum

Total,
/on AR

A
1. 7 + 7 14.0 1.0
2. 6.5 + 6 12.5 1.0
3 . 5 + 5 10.0 1.0
4 . 6 + 5 11.0 1.2

ß
5. 9 + 6 15.0 1.5
6 . 10 + 6 16.0 1.6
7. 9 + 6 15.0 1.5
8. 9.5 + 6 15.5 1.5
9. 8 + 5 13.0 1.6

10. 9 5 14.0 1.7
11. 9.5 + 5.5 15.0 1.7
12. 8 + 5.5 13.5 1.5
13. 9 + 4.5 13.5 2.0
14. 8.5 + 5 13.5 1.7
15. 9 + 4 13.0 2.2
16. 7 + 4 11.0 1.7
17. 8 + 4 12.0 2.0
18. 8.5 + 3.5 12.0 2.5
19. 9 + 4 13.0 2.2
20. 8.5 + 4 12.5 2.1
21. 9 + 4.5 13.5 2.0
22. 9 + 4 13.0 2.2
23. 6 + 4 10.0 1.5
24. 5.5 + 3 8.5 1.8
25. 6 + 3 9.0 2.0
26. 6 + 3 9.0 2.0
27. 5 + 2 7.0 2.5
28. 6 4- 3 9.0 2.0
29. 5 + 2 7.0 2.5
30. 5 + 1.5 6.5 3.3
31. 5 -T 2.5 7.5 2.0
32. 4 + 1.5 5.5 2.6
33. 5 + 2.5 7.5 2.0
34. 4.5 + 1.5 6.0 3.0
35. 5 + 1.5 6.5 3.3
36. 5 1.5 6.5 3.3

A da Botanica Hungarica 32, 1986
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Table 3

Data of chromosom es of population sample 22 
( Scilla spetana Kereszty)

Group Length of arm 
in m M

Total 
in mM AR

A.
1. 6 +  6 12.0 1.0
2 . 6.5 +  6 12.5 1.0
3 . 5 +  5 10.0 1.0
4 . 5.5 + 4.5 10.0 1.2
5. 6 +  5 11.0 1.2
6 . 5 +  5 10.0 1.0
7. 6 +  5 11.0 1.2
8 . 5.5 +  5 10.5 1.1
9 . 6 +  4 10.0 1.5

10. 4 +  3.5 7.5 1.1
В

11 . 8.5 +  5 13.5 1.7
12. 8 +  6 14.0 1.3
13. 6.5 +  5 11.5 1.3
14. 8 +  5 13.0 1.6
15 . 7.5 +  4 11.5 1.8
16 . 8 +  4 12.0 2.0
17. 7 +  4.5 11.5 1.5
18. 6.5 +  5.5 12.0 1.1
19. 8 +  5 13.0 1.6
20 . 7.5 +  3.5 11.0 2.1
21 . 8 +  4 12.0 2.0
22 . 7 +  3.5 10.5 2.0
23 . 7 +  4 11.0 1.6
24 . 8 +  3 11.0 2.6
25 . 6 +  5 11.0 1.2
26 . 7 +  4 11.0 1.6
27 . 6 +  4 10.0 1.5
28 . 7 +  4 11.0 1.6
29 . 6 +  3 9.0 2.0
30 . 7.5 +  3 10.5 2.5
31 . 4 +  4 8.0 2.0
32 . 6.5 +  3 9.5 2.1
33 . 5 +  3.5 8.5 1.4
34 . 4 +  3.5 7.5 1.1
35 . 4 +  3 7.0 1.3
36 . 5 +  3 8.0 1.6
37 . 4 +  3 7.0 1.3
38 . 5 +  3 8.0 1.6
39 . 4.5 +  4 8.5 1.1
40 . 5 +  4 9.0 1.2
41 . 4.5 +  6 7.5 1.5
42 . 3.5 +  3 6.5 1 . 1
43 . 3.5 +  2.5 6.0 1.4
44 . 5 +  3 8.0 1.6
45 . 4 +  2.5 7.5 1.6
46 . 4 +  3 7.0 1.3
47 . 4 +  3 7.0 1.3
48 . 3 +  3 6.0 1.0
49 . 4 +  2.5 6.5 2.5
50 . 4 +  2.5 6.5 2.5
51 . 4 +  3.5 7.5 1.1
52 . 3.5 +  3.5 7.0 1.0
53 . 3.5 +  3 6.5 1.1
54 . 3 +  2.5 5.5 1.2
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size, and  th e  m o st im p o r ta n t  d a ta  on  th em  are given in T ab les 2 and  3. The nu m b er o f m eta - 
cen tric  chrom osom es increases in p ro p o rtio n  to the  p lo idy  level: th e  size of th e  su b m eta - 
cen tric  chrom osom es g rad u a lly  decreases; telocen tric  chrom osom e could no t be observed.

The chrom asom e com plem en ts of sam ples 9 and 11 are  p a rticu la rly  in te res tin g  because 
th e  h a b ita ts  o f th e  tw o po p u la tio n s are qu ite  close to each  o th e r w ith in  th e  sam e regional 
u n it. T he c h ro m a tin  co n te n t of chrom osom es in  sam ple 9 is o f v a ried  s ta in ing  in ten sity , the  
p ro tru d in g  d a rk  reg ions are easily  observed  (Fig. 2c). T he 3 o u ts tan d in g ly  large chrom osom es 
of sam ple 11 show a lte rn a te ly  sta in in g  strip iness, a p h enom enon  ra re  w ith  th e  carm ine acetic  
acid techn ique  (F ig . 3d). T h is v a r ia tio n  of sta in ing  genera lly  re flec t differences in th e  gene 
m echanism  w hich —  like  in  ou r case - do no t necessarily  m an ifest them selves in  v isib le 
m orphological differences.

A com parison  of te tra -  an d  hexaplo id  types im m ed ia te ly  reveals th a t  the  m etacen tric  
chrom osom es belong in  b o th  cases to  th e  m edium  sized chrom osom es. The difference be tw een  
th e  two p lo idy levels is also v isib le in  th e  re la tiv e  leng ths o f chrom osom es. The five longest 
chrom osom es in  th e  te trap lo id s  are 15 /um  long, while in  th e  hexaplo ids th ere  are only th ree  
sim ilarly  long —  13-14  /im  — chrom osom es. The m ost s tr ik in g  difference appears in th e  va lue  
of th e  a rm  ra tio s: th e  m ax im u m  ranges from  3 to 3.4 in th e  te trap lo id s , while in  th e  h e x a ­
ploid it is 2.6. T he g ra d u a l decrease in  th e  lengths of su b in e ta ce n tric  chrom osom es is a com m on 
fea tu re  o f b o th  sam ple  k a ry o g ram s (F igs 3 and  4).

Discussion

The H u n g a ria n  p o p u la tio n s of th e  Scilla bifolia  species group are of di-, 
te tra -  and  hexap lo id  level. W ith  th e  results of p re lim in ary  b io s ta tis tica l and  
m orphological ex am in a tio n s  also tak en  in to  consid era tio n  we can say  th a t  th e  
p opu la tions of th e  species group form  a polyploid com plex  th e  levels of w hich,

A cta  B otanica H ungarica 32, 1986
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Fig. 2. Tetraploid m etaphase cells of Scilla bifolia populations (a, b, c, d). B anded structures 
of chromosomes are marked by arrows

especia lly  as regards th e ir  d is tr ib u tio n , conceal very  in te re s tin g  evolu tion- 
genetic  re la tions — sim ila r to  those in  th e  p o pu la tions of Scilla au tum nalis  
(cf. Y u a n  1982) —, as suggested  b y  earlie r in v estig a tio n s ca rried  ou t b y  
m eans o f C -banding tech n iq u e  (G r e i l h u b e r  et al. 1981). S . vindobonensis , a 
ta x o n  liv ing  in  th e  D an u b e  basin  (S p e t a  1974) possesses an  ex trem e ly  stab le  
k a ry o ty p e  on an  a b o u t 500 km  long a rea  of d is trib u tio n , and  is sep a ra ted  
even  m orphologically  b y  a g rea t phy logene tic  d istance  from  S. bifolia  s. str. 
w hile  th e  polyploids show  a certa in  degree of karyological u n stab len ess  (G r e i l ­

h u b e r  an d  S p e t a  1977). This fac t is su p p o rte d  by  th e  resu lts  o f ou r in v estig a ­
tio n s  m ad e  on H u n g a rian  popu la tio n s to o . P a rticu la rly  s trik in g  resu lts  were 
o b ta in e d  b y  G r e i l h u b e r  w ith  q u a n tita tiv e  D N A  d e te rm in a tio n s  of geo­
g rap h ica lly  d is tan t pop u la tio n s. The D N A  q u an titie s  of chrom osom es — owing 
to  th e ir  re la tive  co n stan cy  — can be v e ry  well used to  charac terize  p o pu la tions 
in  case an  inner s ta n d a rd  is used sim u ltan eo u sly  (roo t-tip s of A lliu m  сера).

Acta Botanica Hungarica 32, 1986
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N am ely , in th e  absence of the  la t te r  th e  resu lts are n o t su itab le  for com ­
p a ra tiv e  ev a lu a tio n  ( B e n n e t t  an d  S m it h  1976). R ecen t cy to p h o to m etric  
m eth o d s have m ade it  possible to  d e te c t subspecies or even in  p o p u la tio n  
genom  v aria tio n s ( D h i l t o n  1981, G r e e n l e e  1984, P r ic e  et al. 1983). I t  is 
h igh ly  p robab le  th a t  th e  v a ria tio n  of th e  genom  q u a n t i ty  am ong and  w ith in  
th e  p opu la tions is a w ide-spread phenom enon , and th e  only  reason w hy i t  has 
n o t been  accep ted  so fa r is th a t  th e  D N A  co n ten t as a fu n c tio n  of th e  geo­
g raph ica l d is tr ib u tio n  of popu la tions h as  h a rd ly  been s tu d ied . I t  has also been  
estab lished  th a t  changes in th e  D N A  co n ten t are accom pan ied  by  lesser or 
g rea te r  taxo n o m ic  differences in  a v e ry  large p ro p o rtio n  o f th e  cases (G r e i l - 

h u b e r  an d  S t r a h l  1984), th o u g h  o ften  i t  is of m icrom orphological level. 
On th e  basis of ou r investiga tions i t  seem s th a t  beside a sim ilar p h en o ty p ic  
ap p earan ce  th e  po lyp lo id  groups of th e  com plex are  com posed of several d if­
fe ren t biological u n its , and the  e x te n t o f v a ria tio n  is a specific fea tu re .

In  th e  po lyp lo id  com plexes o f flow ering  p la n ts  th e  gene flow  from  
diplo id  to  po lyplo id  generally  is un id irec tio n a l. T he ev o lu tion  of po lyp lo ids 
m ay  even  con tinue  th ro u g h  secondary  m od ifica tions: w ith  new  m u ta tio n s  an d

III»

f l  * « • * « « * ■

Fig. 3. K aryotype and karyogram o f tetraploid S. bifolia population

Acta Botanica Hungarica 32, 1986



174 Z . K E R E S Z T Y ,  L . S Z IL Á G Y

Fig. 4. K a ry o ty p e  and  k a ry o g ram  of hexaplo id  S. bifolia  p o p u la tio n

reco m b in a tio n s th e  v a r ia b ili ty  increases, th e  hom ology of th e  genom s decreases. 
S u ch  a change of lo n g er segm ents m ay  even  cause chrom osom e-level segrega­
tio n , w hich leads to  au to p lo id y  or segm en ta l a llop lo idy  (S t e b b i n s  1971). 
In  th e  sim plest case th e  m ain  line of d ev e lo p m en t of th e  com plex  stud ied  b y  
us w ould  be:

X =  9 - 1 8 — 3 6 - 5 4  

X 2x  4x  6x

On the  basis o f lite ra ry  d a ta  and  our own in v estig a tio n s it  can be 
e q u a lly  s ta ted  th a t  th e  d iploid level of th e  com plex is 2n 18. In  each of 
th e  popu la tions along th e  D anube th e  la rg es t pa ir of chrom osom e h ad  sa te l­
lite s , w hich on h ig h er p lo id y  levels is now here found . T h a t is w h y  we suppose 
th e  “ am p h ip las ty ”  p h en o m en o n  of h y b rid iza tio n  in  w hich SA T-chrom osom es 
do n o t develop am o n g  th e  som atic  chrom osom es of th e  h y b rid  p rogeny  
( N a v a s h in  1928).

Acta Botánica Hungarica 32, 1986
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To all appearances th e  h igher p lo idy  levels cam e in to  ex istence  b y  
h y b rid iza tio n  in  ou r case too . H ow ever, to  se ttle  th is  question  back-crossing  
of th e  polyploid species w ith  th e  supposed  p ro g en ito r  and  m eiotic analysis  o f 
th e  h y b rid s  o b ta in ed  becom e necessary . F ro m  th e  coupling cond itions of 
chrom osom es we can  conclude on th e  alloploid  orig in  of the  p a re n t species; 
th e  cy togenetic  processing of the  po lyplo id  com plex  of Cystopteris fra g ilis  is a

Table 4

Cytological data averages o f  the po lyplo id  taxa

Total A R Cl Lr

S. buekkensis 2n = 36 11.2 m l 1.99 0.65 0.27

S. drunensis 2n = 36 7.3 mM 2.10 0.64 0.27

S. spetana 2n = 54 9.1 mM 1.43 0.58 0.18

fine  exam ple  of it . In  E urope  the  d ip lo id  species of th e  com plex are to ta l ly  
ab sen t, an d  th e  ex istence  of the  octoploid  level also suggests th a t  th e  com plex  
is r a th e r  old. In  th e  course of m eiotic analyses of n a tu ra l  species an d  sy n th e tic  
h y b rid s  th e  ev o lu tio n a ry  re la tions on th e  dip lo id , tr ip lo id , te trap lo id  and  hexa- 
p lo id  levels w ere c leared  up  (V i d a  1974). S im ilarly  d e ta iled  cytological e x a m in a ­
tio n  w as carried  o u t in  th e  fam ily  L iliaceae.

In  a th o ro u g h  ex am in a tio n  of th e  fre q u e n tly  occurring  po lyplo idy  in  th e  
genus A lliu m  th e  sy m m e try  of th e  k a ry o ty p e s  tu rn e d  ou t to  suggest th e  
ex istence  of au to p lo id y . C orrelation  w as fo u n d  b e tw een  th e  increase in  th e  
p lo idy  level and  th e  developm ent of bulbils in  th e  inflorescence ( P a s t o r  1981). 
T he genetic  cen tra  of th e  area  of th e  A lliu m  am peloprasum  species com plex  
w as sp o tte d  on th e  basis of th e  chrom osom e v a ria tio n s  and  of th e  geograph ica l 
d iv e rs ity  of th e  B- an d  th e  m arker chrom osom es. Ow ing to  th e  d ifficu lty  of 
s te r ility  am i d ifferences in  ecological d em an d  th e  in trogressive  h y b rid iza tio n  
seem s to  be of l i ttle  likeliness, as also su p p o rte d  b y  th e  fac t th a t tra n s itio n a l 
form s h av e  no t been found so far. I t  is m uch  m ore p ro b ab le  th a t  th e  d iv e rs ity  
of th e  chrom osom e s tru c tu re  was p reserved  in  th e  progeny  in  th e  course of 
descent from  a com m on ancesto r ( B o t h a m e r  1982).

T he Scilla bifolia  polyploids in  H u n g a ry  are  rem arkab le  no t on ly  for 
th e ir  d is ju n c t h a b ita ts  and  d ifferent ecological d em an d s b u t also for th e ir  
geographical d is trib u tio n . In to  th e  m ore or less u n ifo rm  diploid area th o se  of 
tw o  te tra p lo id  g roups s tre tc h  from  n o r th  an d  w est (F ig. 1). P a r tic u la r ly  
in te re s tin g  is th e  h a b ita t  of th e  hexap lo id  p o p u la tio n  on the  crysta lline  rocks 
of th e  V elence-hills, s itu a te d  fa r from  th e  tw o polyp lo id  areas a lm ost as a 
connecting  link  b e tw een  th em . In  th e  area  of th e  te trap lo id s , on th e  o th e r 
h an d , diploids are sca tte re d , w hich confirm s th e  p ro b a b ility  of h y b rid iza tio n .
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I t  seem s th a t  th e  h ex ap lo id  developed fro m  th e  diploids, since even  th e  n ea re s t 
te tra p lo id  p o p u la tio n  is very  fa r from  here .

T h e  endem ic ch a rac te r of th e  species g roup  (S p e t a  1976) m akes i t  
n ecessa ry  to  ta k e  fu r th e r  aspects in to  co n sid e ra tio n , w hich m ay  ex p la in  th e  
d is tr ib u tio n  of th e  d iffe ren t plo idy levels in  tim e  and  space.
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CYTOLOGICAL STUDIES OF THE DATE PALM 
P H O E N I X  D A C T Y L I F E R A  L.

A b d u l -R i d h a  A k b e r  A l-Ma y a h

D E P A R T M E N T  O F  B I O L O G Y  C O L L E G E  O F  S C IE N C E  U N I V E R S I T Y  O F  B A S R A H , B A S R A H , IR A Q

(R eceived : 10 M arch 1985)

B eh av io r of m eiotic  chrom osom es of d a te  p a lm  P hoen ix  dactylifera L. has b een  
described fo r th e  f irs t  tim e. T he in co n stan cy  in  th e  ch rom osom e num ber a n d  th e  
m eiotic  ir reg u la ritie s  of four c u ltiv a is  o f d a te  pa lm , n a m e ly  G hannam i-A hm ar, G han- 
n am i-A k h d h ar, G hayban i and  A b u a laib  have  been  discussed.

In tro d u c tio n

The d a te  p a lm  P hoenix dactylifera  L . is one of th e  com m on  cash  crops in I raq  a n d  in  
m an y  o th er cou n tries  o f th e  world. The genus belongs to  th e  tr ib e  Phoeniceae of th e  fam ily  
A recaceae. U n d er th e  genus P hoenix  th e re  are a b o u t tw elve  species d is tr ib u ted  in  th e  tro p ic a l 
an d  sub trop ica l reg io n s ( B l a t t e k  1926), th e  m o st im p o r ta n t species being  P. dactylifera. T he 
da te  p a lm  is g row n  ex ten siv e ly  along th e  ban k s of th e  r iv e r S h a tt-a l-A rab , especially  in  
B asrah  region. T h ere  a re  a b o u t 90 m illion  d a te  p a lm  trees  in  th e  w o rld  o f w hich ab o u t 22 m il­
lion  occur in  I ra q , com prising  455 cu ltiv a rs  ( A b d u l - H u s s i a n  1974). I ts  cytology h as n o t  
y e t  been stud ied  in  d e ta il. T he k a ry o ty p e  analysis o f th e  d a te  p a lm  h as been studied  b y  S o l i ­

m a n  and  A l - M a y a h  1978. B u t d e ta iled  m eiotic  s tud ies of th e  d a te  palm  has n o t b een  
u n d e rtak en .

The p re sen t p a p e r  is th e  f irs t in  a  series of p a p ers  t h a t  a re  to  be published b y  th e  
a u th o r on various asp ec ts  of th e  d e ta iled  cy to log ical s tu d ies on th e  d a te  palm  (P . dactylifera).

M aterial and m ethods

Flow er b u d s o f fo u r d ifferen t m ale cu ltiv a rs  o f Phoenix dactylifera  L., nam ely, G han- 
nam i A hm ar, G h an n am i A k h d h ar, G h ay b an i an d  A bualaib , w ere  collected from  FA O  in  
B asrah  in  Ja n . 1978 a n d  fix ed  in  a m ix tu re  o f one p a r t  o f g lacial ace tic  acid and 3 p a r ts  o f  
abso lu te  e th y l a lcohol fo r 24 hours a t  room  tem p e ra tu re  an d  th e n  tran sferred  to 70%  e th y l 
alcohol.

T he an th e rs  w ere squashed  in  ace tocarm ine  a f te r  t re a tin g  th e  b u d s w ith boiling HC1 
for a few seconds an d  th en  w ashing th e m  in  w a te r  for 15-30 m in u te s  ( A l - M a y a h  an d  A l -  

S h e h b a z  1977). T em p o ra ry  slides were p re p are d  an d  cam era  lu c id a  draw ings were m ade  a t  
a  m agnification  o f X 1200.

R esults

Cultivar G h an n am i-A h m ar: A t d ip lo tene 18 b iv a len ts  w ere c learly  observed  (Fig. 1 no. 1). 
A t la te  d ip lo tene s tage  th e  b iv a len ts  show ed cond en sa tio n  an d  te rm in aliza tio n . A t m etap h ase  
th e  18 b iv a len ts  re g u la rly  o rien ted  them selves a t  th e  e q u a to r. A t a n ap h a se  I ,  generally  th e re
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4

F ig . 1. Meiosis in P.M .C.’s o f Phoenix dactylifera  (1 -4 ), (1-3) C u ltiv a r G h an n am i A hm ar. 
(1) D ip lo tene  stage show ing 18 b ivalen ts . (2) M etaphase  1, showing 18 b iv a len ts . (3) A n a ­
p h a se  1, show ing a b ridge an d  a  fragm en t. (4) C u ltiv a r G hannam i A k h d h a r , M etaphase  1,

show ing 9 q u a d riv a le n ts

w as no rm al sep ara tio n  of th e  chrom osom es. In  a few  cases ch rom atin  b rid g es w ere seen. T he 
n u m b e r  of such bridges w as e ith e r one or tw o  (F ig . 1 no. 3). The c h ro m a tin  bridges were 
u n acco m p an ied  b y  an y  frag m en ts . N orm al se p a ra tio n  of chrom osom es w as genera lly  fo u n d  a t  
a n ap h a se  I I  b u t  in  a few  cases stre tch ed  o u t  c h ro m a tin  bridges were fo u n d .
Cultivar Ghannami-Akhdhar: E ighteen  b iv a le n ts  w ere clearly observed a t  d ip lo tene  stage in 
m o s t cases b u t  in  c e rta in  cases seventeen b iv a le n ts  w ith , two un iv alen ts a n d  six teen  b iva len ts , 
w ith  fo u r u n iv a len ts  w ere observed  a t  m a te p h a se  1, also nine q u a d riv a le n ts  were seen in  a 
few  cells (F ig. 1 no. 4).
Cultivar Ghaybani: M eiotic irregu larities w ere m ore com m on and co m plex  in  th is  cu ltiv a r 
th a n  in  th e  p receeding ones. M ost of th e  flow ers d isp layed  abnorm al p a ir in g  an d  sep ara tio n . 
W e observed  no d is ju n ctio n  laggards, b ridges ch a in s (Fig. 2 nos 1-3). B esides these  anom alies, 
sp in d le  abnorm alities an d  a n  inco n stan cy  in  th e  chrom osom e n u m b ers w ere also observed. 
A  p a r t  of P .M .C .’s were seen w ith  18 b iv a le n ts  b u t  m any  cells had  16, 20 and  21 b iv a len ts  
as a gam etic  nu m b er (Fig. 2 nos 4-6).

T his v a ria tio n  w as observed  in  th e  P .M .C .’s of the same a n th e r  as well as d iffe ren t 
a n th e rs  of th e  sam e b u d  besides d ifferen t b u d s  o f th e  sam e inflorescence.
Cultivar Abualaib: In  th is  c u ltiv a r  large n u m b e r o f m eiotic irregu larities w ere observed. These 
in c lu d ed  m u ltiv a len t a n d  u n iv a le n t fo rm atio n , precocious sep ara tio n  of b iv a len ts  an d  ch ro ­
m a tin  b ridges (F ig. 3 nos 1 -5). F o urteen  ro d  sh a p e d  and  four ring sh ap ed  b iv a len ts  were seen 
a t  d iakinesis, w hich on a p p ro ac h  of m etap h ase  1 o rien ted  them selves a t  th e  eq u ato r. A c h a in ­
sh a p e d  m u ltiv a len t w as observed  a t  Mj (F ig . 3 no. 1). In  a n o th e r case s ix teen  b iv a len ts ,

Acta Botánica Hungarica 32, 1986



C Y T O L O G Y  O F  P H O E N I X  D A C T Y L I F E R A 179

F ig . 2. M eiotic stages o f d a te  pa lm , C u ltiv a r G h ay b an i (1—6). (1) M etaphase  1, w ith  16 b ivalen ts 
a n d  a chain  shaped  q u a d riv a le n t. (2) A n ap h ase  1, show ing laggards. (3) A nap h ase  1, w ith  
2 c h ro m a tin  bridges. (4) M etaphase  1, show ing 16 b iv a len ts . (5) M etaphase  1, show ing 20 

b ivalen ts . (6) A n ap h ase  1, show ing n  =  21

a Y -shaped  tr iv a le n t a n d  a n  u n iv a le n t w h ich  rem ain ed  u n p a ire d  w ere seen (F ig . 3 no. 2). 
I n  ad d itio n , m an y  fig u re s  w ith  14, 17 an d  20 b iv a len ts  could  also be  fo und  (F ig. 3 nos 3 an d  4). 
I n  th e  fo u r cu ltiv ars  s tu d ie d  3 nucleoli could  be  seen in  each  d a u g h te r  nucleus a t  f i r s t  telophase  
(F ig . 3 no. 6). The te t r a d  fo rm atio n  is o f sim u ltan eo u s ty p e . As m any  as 3 nucleo li h av e  been 
o bserved  in  th e  te t r a d  nucleus.

D iscussion

T he constancy  o f th e  k a ry o ty p e  fro m  one cell to  a n o th e r  an d  fro m  one g en era tio n  to 
th e  n e x t, lies in  i ts  c a p a c ity  to  dup lica te  its e lf  ex ac tly  a t  each  cell d iv ision  (S w a n s o n  1957). 
T h is d u p lica tio n  re su lts  in  th e  p re serv a tio n  of th e  n u m b er o f  genes an d  th e ir  lin e a r re la tio n ­
sh ip  to  one an o th er, in  th e  new ly form ed d a u g h te r  cells. T he above classical a ssu m p tio n  has 
fre q u e n tly  been show n to  be  erroneous a n d  a n  in co n stan cy  in  th e  chrom osom e n u m b er has 
b een  rep o rted  by  w orkers. Sh a r m a  a n d  S h a r m a  (1956) suggested  t h a t  “ th e  id ea  of the  
c o n stan cy  of th e  chrom osom e n u m b er in  th e  cell is n o t s tr ic tly  app licab le  to  a ll p la n ts” . 
I n  a  large  n u m b er o f th e  species in v es tig a ted  b y  th em , th e y  fo u n d  a  v a r ia tio n  o f chrom osom e 
n u m b ers  in  th e  som atic  cells, even  of th e  sam e ro o ttip s  in  ad d itio n  to  th e  n o rm al num bers . 
T he v a r ia tio n  in  n u m b er m ay  arise th ro u g h  acc iden ts in  chrom osom e seg reg a tio n  a n d  cell 
d iv is ion  or as a re su lt o f th e  consequence o f th e  reg u la r dev elo p m en t process o f n a tu ra tio n  
(S w a n s o n  1957).

Besides a v a r ia tio n  in  th e  som atic  co m p lem en t a  v a r ia tio n  in  th e  g am etic  cells has also 
b een  rep o rted . B a s k  (1958) found  a  v a r ia tio n  fro m  6 to  8 b iv a le n ts  in  th e  PM C’s o f Corchorus 
sidoides F . M uell. in  w hich  7 is th e  n o rm al h ap lo id  num ber.
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4
F ig . 3. M eiotic stages of d a te  p a lm  C u ltiv a r A bualaib  (1 -6). (1) M etaphase  1 w ith  15 b iv a len ts  
an d  a chain  of 6 chrom osom es. (2) M etaphase  1 w ith  16 b iv a len ts , Y -shaped  tr iv a len te  and  a 
u n iv a le n t. (3) M etaphase 1, show ing 16 b ivalen ts w ith  2 u n iv a len ts . (4) P ro m e tap h ase  1, 
show ing  14 bivalents. (5) L a te  A nap h ase  2 show ing a b ridge a n d  laggardes. (6) T elophase 1, 

show ing  3 nucleoli in  each d a u g h te r  nucleus

L ew is  (1962) fo u n d  in  Claytonia virginica  L. th a t  “ th e  P .M .C .’s in  th e  sam e b u d  often  
d iffered  from  one a n o th e r in  chrom osom e n u m b er as well as th e  po llen  and  p rem eio tic  cells 
fro m  th e  sam e p lan ts” . H e o b se rv ed  a v a ria tio n  of g am etic  n u m b er ran g in g  from  7, 8, 9, 11, 
12, 16 an d  18 in the f ir s t  p o llen  d iv ision  of th e  sam e racem e, besides v a r ia tio n  in  th e  som a­
tic  n u m b er.

Y a n g  (1964, 1965) fo u n d  considerable num erica l in s ta b ility  o f chrom osom es w ith in  
th e  in d iv iduals of in te rsp ec ific  h y b rid s  o f Nicotiana. H e o bserved  a v a ria tio n  from  33 to 
39 chrom osom es in  th e  m ic ro sp o re  an d  56 to 64 chrom osom es in  th e  som atic  cells. B a g u a r  

(1967) found  an in tra in d iv id u a l chrom osom e v a ria tio n  from  9 to  11 b iv a len ts  in Fagonia  
crética. T he same a u th o r (1968) also found  a v a ria tio n  fro m  6 to  8 chrom osom es as a gam etic  
n u m b e r in  Sesbania sesban. A l - M a y a h  and  A l - S h e h b a z  (1977) fo u n d  th a t  in  Scorpiurus 
m urica tus  the  haploid ch rom osom e n u m b er is 7 or 8. N e m e c  (1910), D a n g e a r d  (1937), and  
D o u l a t  (1944) as c ited  b y  F e d o r o v  (1974), found  th a t  in  th e  d a te  pa lm  2n =  28, while 
B e a l  (1937), M u r i n  an d  C h a u d h r i  as c ited  in L o v e  (1970) an d  S o l i m a n  a n d  A l - M a y a h  

(1978) rep o rted  th a t  2n  =  36 in  th e  sam e p lan t. T his in co n stan cy  of gam etic  n u m b er as 
re p o rte d  above in P . dactylifera  is v e ry  in te res tin g . T he s tu d y  of m eiosis show s th e  regu lar 
b e h av io r of chrom osom es a n d  suggests th a t  P. dactylifera  is a dip lo id  species. C ontinued 
c u ltiv a tio n  and selection are  responsib le  for the  presence of a n u m b er of cu ltiv ars  w hich d if­
fe r m ain ly  in  shape of f ru its . T he ab n orm al m eiotic b eh av io r th a t  a p p ea r in  th e  cu ltiv ars  
G h ay b an i and A bualiab  in d ic a te  t h a t  polyploidy m ig h t hav e  p lay ed  some role in  th e  evo lu­
tio n  of new  cultivars an d  in  th e  spéc ia tion  w ith in  th e  genus.
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HERBICIDE INDUCED EAR MORPHOSES 
IN BARLEY IN RELATION 

TO CHROMOSOME ABERRATIONS

T .  P u s z t a i

I N S T I T U T E  O F  E C O L O G Y  A N D  B O T A N Y , H U N G A R I A N  A C A D E M Y  O F  S C IE N C E S , V Á C R Á T Ó T , H U N G A R Y

(R eceived : 30 O ctober 1985)

E x p erim en ts  were carried  o u t w ith  tw o ty p es of h erb ic ides, to  seek for th e ir  
cyto logical an d  m orphogenetic  effects on th ree  barley  v a rie tie s . T h e  two herbicides 
stu d ied  (A n iten  D, G abonil) show ed d ifferen t effectiveness in b o th  aspects. A positive  
dose dependence was also fou n d . T he frequencies of chrom osom e ab erra tio n s and  of 
ear m orphoses also varied  w ith  th e  k in d  of v a rie ty , how ever th e  v a rie tie s differ in 
degree of cyto logical and  m orpholog ical reac tion . In  each  tr e a tm e n t  seed n u m b er 
per ear decreased  in m o rpho tic  ears. T he possible im p o rtan ce  o f m orphoses in n a tu ra l 
selection has been  em phasized.

In tro d u c tio n

I t  is well kno w n  th a t  c e rta in  classes o f pesticides cause p o in t m u ta tio n s  and  chrom osom e 
ab erra tio n s ( E p s t e i n  and  L e g a t o r  1974) and consequently  the  tre a te d  p o p u la tio n  changes in 
genetic com position  ( M e  C u r d y  an d  M o l b e r g  1974; V i r á g h  1982).

T here  are several p u b lica tions dealing  w ith  organism ic ano m alies o f p lan ts caused by 
some herb ic ide  tre a tm e n t. These anom alies occur b o th  in v eg e ta tiv e  a n d  generative  organs 
( H o h l o v a  1977; S h a r m a n  1978). I t  is also know n from  th e  lite ra tu re , t h a t  a f te r  2,4-D herbicide 
tre a tm e n t of cereals ear m odifications can  be observed ( D e r s h e i d  1972; S h a r m a n  1978). 
H o l l y  described in  1954 several m orpholog ical a lte ra tio n s  g en era ted  b y  2,4-D an d  MCPA. 
Besides, th ere  are evidencies for causes o f te ra to log ica l changes: ir re g u la r  m itoses during  
organogenesis an d  d iffe ren tia tio n  ( S h k o l n i k  1981). I t  seems obvious fro m  a  n u m b er of w orks 
( K u l i k o v  et al. 1970; E l s a k o v a  1964) th a t  2,4-D is an  in h ib ito r o f  nucle ic  acid and  p ro te in  
syn theses and  causes d istu rb an c ies  in ea rly  phases o f purine  b io sy n th es is . Sum m ing up , th e  
outcom es of th e  changes in genetica lly  de te rm in ed  course o f cell d iv is ions in m eris tem atic  
tissues a re  m o d ifications in  m o rphogenetic  processes and  genesis o f te ra to lo g ica l forms.

In  th is p a p e r  we re p o rt on th e  cy to logical and  m orphogenetic  e ffec ts  o f two herbicides 
in th ree  b a rley  v a rie tie s.

M ateria l and  m ethods

M utagenic  effec t o f two herb ic ides, A n iten  D and  G abonil (T ab le  1) cu rren tly  used in 
H u n g arian  a g ricu ltu re  was in v estig a ted . B o th  of th em  were p ro v id ed  b y  th e  R esearch  In s t i ­
tu te  for P la n t P ro tec tio n  of H u n g a rian  A cadem y of Sciences. T h e  b a rle y  varie ties w ere 
o b ta ined  from  th e  A g ricu ltu ra l R esearch  In s t i tu te  o f H u n g arian  A cadem y of Sciences an d  
labelled by  th em  as M FB 104, M v 43 an d  Mv 48.
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Table 1

Trade names, active ingredients and composition o f  the compounds tested

T r a d e  n a m e  A c t iv e  in g r e d ie n ts C h e m ic a l  n a m e S t r u c t u r a l  f o rm u la

A n iten  D 2,4-D -J- fluorenol

G abonil MCPA - j -  dicam ba

2,4-dichlorophenoxyacetic  acid

9-hydroxyfluorene-9-carboxylic
acid

4-chloro-2-m ethylphenoxyacetic
acid

2-m ethoxy-3,6-dichlorobenzoic
acid

Cytological in v es tig a tio n s  w ere m ade  as before ( P u s z t a i  an d  V É G H  1978). As for 
g en era tio n  of m orphoses, we m ade  ou td o o r ex p erim en ts in  B u d a p es t. T he area  of each p lo t 
w as 2 m 2 w ith  p lan t d e n s ity  o f 1 0 x 4  cm.

Sowings were sp ra y ed  w ith  2 1/ha A n iten  D or 3 1/ha G abonil (each in  500 1 w ater) 
in  accordance w ith th e  a g ric u ltu ra l p rescrip tio n s for the  use of th ese  chem icals, ju s t  as th e ir 
d o ub le  concentra ted  so lu tio n : 4 1/ha and 6 1/ha, respectively . S p ray in g s were carried  ou t 
w h en  th e  p lan tle ts h a d  b een  grow ing th ick . W e w orked w ith  250-300  specim ens per t r e a t ­
m e n t. The effectiveness o f th e  herbicide tre a tm e n ts  was d e te rm in ed  a t  each harv est. We 
a sc e rta in e d  the percen tag e  of p lan ts  w ith  and  w ith o u t ear m o rp h o ses an d  th e  grain  n u m ­
b e r  p e r ears.

R esults an d  discussion

Cytological re su lts  a re  illu s tra te d  on Fig. 1. The tw o herb ic id es show ed various effec­
tiv en ess for frequencies o f chrom osom e a b erra tio n s . T rea tm en ts  w ith  A n iten  D proved  to  be 
m ore effective reaching as h ig h  as 7.6 ±  0 .9 % . T he m utagen ic  e ffec t o f G abonil was sm aller, 
th e  chrom osom e a b e rra tio n s  found  were on ly  3.1 ±  0 .5% . In  genera l th e  p ro p o rtio n  of

2 2 2 2 2 2

F ig . 1. Percentage of chrom osom e a b erra tio n s  induced  by  herb ic ides in  barley  ro o t tips. — 
w hite  =  co n tro l; I////////////I 500 p pm : |xx xx | 1000 ppm
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chrom osom e ab erra tio n s  s tro n g ly  enhanced  in  line  w ith  increase  o f herbicide c o n cen tra tio n , 
e.g. 1000 p p m  of A n iten  D  tu rn e d  to  be five  tim es  effective  th a n  i ts  500 ppm  dose. I t  c an  be  
seen from  th e  ex p erim en ta l d a ta , th a t  th e  u sed  b a rle y  v a rie tie s  d iffe r in th e ir herb ic ide  su s­
cep tib ility : M v 48 an d  M FB  104 proved to  be  th e  m o st sensitive  ones.

The ear m orphoses w ere stud ied  in M0 gen era tio n . S ev eral types of ear m o rp h o ses 
could be fo u n d  in  all o f th re e  barley  v a rie tie s. F ig u re  2 show s th e  m ain  types of m orphoses.

Fig. 2. M orphose ty p es  observed  in b arley  p lan ts . —  A) L oss o f earle ts; B) In c reased  e a r le t 
n u m b er; C) K inky sp ik e le t; D ) S p ike le t a sy m m etry
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A m ong  th em  are loss o f ea rle ts , increase of e a r le t n u m b er, deform ations o f sp ik e le t (k ink ing), 
u n ila te ra l  fo rm atio n  of e arle ts  an d  sp ikele ts a n d  so on. T he barley  v a rie tie s  u sed  tu rn e d  to  be 
d iffe re n t in  ty p es of m orphoses, too . In  M v 43 cu rly  sp ikelets appeared  (F ig . 2C) and  in  M v 48 
u n ila te ra l  fo rm atio n  o f e arle ts  an d  sp ikele ts cou ld  be  observed in  70%  (F ig . 2D). As fo r M FB 
104, th e  increase of e a r le t n u m b er (F ig. 2B) is m ore  frequen t. These a lte ra tio n s  re su lte d  in  
decrease  of seed n u m b er p e r ear.

The d a ta  o f ear m orphoses are su m m arized  in  Table 2. The effects o f th e  herb ic ides 
a f te r  A n iten  D t re a tm e n ts , occasionally  re ach in g  6 1 % . G abonil was less e ffec tive , a lth o u g h  in 
som e it  caused 19%  m orphoses. I t  was a d ra s tic  increase  in consequences o f th e  a g ricu ltu ra lly  
reco m m en d ed  an d  double  dose of A n iten  D. I n  th e  case o f Gabonil use, th e  ra te  o f e a r  m o r­
phoses was n o t p ro p o rtio n a l to th e  doses.

As it tu rn s  o u t o f T ab le  2, th e  stu d ied  b a r le y  v a rie tie s  responded d iffe ren tly  to  herb ic ide  
tre a tm e n ts . M v 43 an d  M v 48 v a rie ties show ed o u tstan d in g ly  high increase  of m orphoses. 
I t  shou ld  be m en tio n ed  t h a t  th e  p ro p o rtio n  of p la n ts  possessing m orphoses v a ried  in  con­
secu tiv e  years, w hich  can  be a ttr ib u te d  to  en v iro n m en ta l differences d u rin g  v eg e ta tio n  
pe rio d s (i.e. te m p e ra tu re , m o is tu re , h u m id ity ). T h a t  is w hy  we com pare th e  d a ta  y ea r b y  year.

C om para tive  e v a lu a tio n  of seed n u m b e r p e r  ears of norm al a n d  m o rp h o tic  ears  w as 
done . As i t  ap p ears fro m  F ig . 3, all th e  ex p erim e n ts  re su lte d  in  reduced seed n u m bers. I t  seems 
to  occur a lm ost in d ep e n d en tly  from  th e  so rt o f h e rb ic id e  used. As for Mv 43 a n d  Mv 48 v a rie tie s, 
m o rp h o tic  ear fo rm atio n s  w ere alw ays p ro p o rtio n a l to  some decrease in  seed n u m b er. The 
te n d e n c y  of changes is th e  sam e in th e  case o f  M F B  104, b u t these fe a tu res  are n o t s tr ic tly  
p ro p o rtio n a l because of e a r le t n u m b er in creas in g  m orphosis types.

T able  2

Percentage o f  the p lan ts with ear morphoses in  barley plantiness after herbicide treatment

Y e a r s  o f  D o s e  A n i t e n  D , 1 /h a  D o s e  G a b o n i l ,  1 /h a
S tM “  in v e s t ig a t io n  C o n tr o l  ----- ------in v e s t ig a t io n 2 4 3 6

1979 0 3.8 ± 1.20 13.0 ±  2.13 5.8 ± 1.48 2.3 ±  0.95
1980 6.2 ±  1.39 18.2 ± 2.22 31.9 ±  2.69 6.8 - b 1.45 8.2 ±  1.58

M FB 104 1981 0.6 ±  0.47 10.8 ± 1.85 13.8 ±  2.06 3.8 - L 1.14 4.6 ±  1.25

1982 10.8 ±  1.79 18.2 ± 2.22 43.5 ±  2.86 2.4 ± 0.88 19.0 ±  2.26

1983 0 5.1 ± 1.27 8.3 ±  1.59 2.9 0.97 0

1979 2.3 ±  0.86 6.1 ± 1.38 15.1 ±  2.07 3.1 1.00 0

1980 14.2 ±  2.12 34.0 z b 2.88 51.8 ±  3.04 16.1 ± 2.24 12.8 ±  2.03
M v 43 1981 1.8 ±  0.79 11.2 - j - 1.88 19.7 ±  2.38 0 5.4 ±  1.35

1982 11.1 ±  1.81 20.1 ± 2.31 61.0 ±  2.81 8.9 ± 1.64 9.8 ±  1.71

1983 4.3 ±  1.17 3.8 ± 1.10 11.0 ±  1.81 0 3.1 ±  1.00

1979 3.9 ±  1.11 14.2 ± 2.01 29.2 ±  2.62 6.8 - b 1.45 0.8 ±  0.51
1980 13.8 ±  1.99 48.1 ± 2.88 69.3 ±  2.66 17.2 ± 2.18 15.8 ±  2.10

Mv 48 1981 0 9.3 ± 1.68 24.1 ±  2.47 3.1 ± 1.00 2.3 ±  0.86

1982 7.1 ±  1.48 32.3 ± 2.70 58.1 ±  2.85 16.8 ± 2.15 2.3 ±  0.86

1983 0 5.8 1.34 3.1 ±  1.00 3.1 1.00 9.8 ±  1.72
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Fig. 3. Seed n u m b er in  n o rm al and ear m orphose b earin g  b a rley  specim ens. — a) Dose used 
in  ag ricu ltu re ; b) d oub led  ag ricu ltu ra l dose —  w h ite  =  con tro l; \i/iH/li/lll{ norm al p lan ts ; | \ \  \ \ \  |

m o rpho tic  p lan ts

C om paring  th e  d a ta  of m orphoses w ith  th e  cytological re su lts , we can  see th a t  A n iten  D 
was th e  m ore effective a g en t and  a dose dependence is also obvious. R egard ing  th e  b a rley  
varie ties in  question , th e  b e s t response was g iven  b y  M v 48.

H erb icide  in d u ced  m orphoses are sim ilar to o th er ag en ts , like tem p era tu re , o th e r 
chem icals an d  so on. Gr a n t  (1972) s ta te s  th a t  herb ic ides m ay  m od ify  evo lu tionary  ra te  of 
species. T he agen ts w h ich  can  change th e  fe r t i l ity  also m odify  th e  s tre n g th  of n a tu ra l selec­
tio n . P roneness to p ro d u ce  m orphoses ind ica tes genotyp ical su scep tib ility  to  en v iro n m en ta l 
fac to rs . I t  can  be p o s tu la te d  th a t  m orphotic  p la n ts  have a lte red  genotype while p lan ts  th a t  
gave no responses are  g eno typ ically  m ore stab le . H erbicide t re a tm e n t  therefore  m ay  be one 
of th e  fa c to rs  p ro m o tin g  genotyp ic  d ifferen tia tio n s w ith in  a v a r ie ty  an d  shed also som e lig h t 
on  in tra sp e c if ic  v a r ia b ility .

In  o u r stud ies th e  occurrence of ear m orphoses appears to  be d ep en d en t of th e  chem ical 
com position  of th e  g iven  herbic ide . C onsequently , th e  genotyp ic  responsiveness of th e  v a r ie ty  
(genotype  m ix tu re )  can  be characterized , am ong  o thers , b y  th e  proneness to  m ake  ear 
m orphosis.
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HIFOMICETES DE TOPES DE COLLANTES, CUBA I.
E S P E C IE S  H O L O B L Á ST IC A S 

A n gel  Merca d o  S ie r r a  y J ulio  Mena  P ortales

I N S T I T U T O  D E  B O T Á N I C A ,  A C A D E M I A  D E  C I E N C I A S  D E  C U B A ,  L A  H A B A N A ,  C U B A  

(R ecib id o : 15 S ep tiem bre  1984)

F o rty -sev en  species o r  v a rie tie s  o f sap ro p h y tic  and  h o lo b lastic  hyp h o m y ce tes  
belong ing  to tw en ty -sev en  gen era  fro m  Topes de Collantes, S an c ti S p iritu s  p rovince 
are  reco rded . Seven gen era  a n d  n in e teen  species are new  reco rds from  Cuba. F o u r 
new  species, two new v a rie tie s  a n d  som e in te res tin g  or ra re  h y p h o m y ce tes  are  described 
in  th is  paper.

Introducción

Topes de Collantes (784 m e tro s  de a ltu ra  sobre el nivel del m ar) e s tá  s itu a d a  en la 
reg ión  cen tra l de Cuba; com arca m u y  m o n ta ñ o sa  que en  general recibe el nom bre  de G rupo de 
G u am u h ay a , A ltu ras  de T r in id a d -S a n c ti  S p iritu s  o como m as se conoce en  la  a c tu a lid ad , 
S ierra  del E scam b ray . D entro  de  este  m acizo  T opes form a p a rte  de las A ltu ras  de T rin id ad , 
las cuales según  N u ñ e z  J i m é n e z  (1965) e s tán  co n stitu id as por u n  co n ju n to  de m o n ta ñ a s  de 
esqu istos calcáreos y  cristalinos que  al p a recer se o rig inaron  en el Ju rá s ico  In ferio r y  Medio.

E s ta  subreg ión  p resen ta  re s to s  de u n a  to p o g rafía  cársica m u y  p r im itiv a  y  m u ch as de 
sus e levaciones m u es tran  la fo rm a  de conos com o los m ogotes de S ierra  de los O rganos, con 
g ru ta s  h o ra d ad a s  en  sus laderas casi v e rtica les .

L a  ex istencia  de am plios va lle s , suelos arcillosos y  m o n tañ as a lta s  y  h ú m ed as  hace que 
estén  p resen tes  en la vegetación  n a tu ra l  u n  b u e n  núm ero  de especies endém icas.

D u ra n te  los años 1982 y  1983 se rea liza ro n  v a rias  expediciones m icológicas a d iferen tes 
loca lidades de Topes de C ollantes y  com o re su ltad o  de éstas, se co lec ta ro n  140 m uestras , 
fu n d a m e n ta lm e n te  ram as y  frag m e n to s  de tro n co s caídos de d iferen tes p lan ta s .

E n  este tra b a jo  se re lac io n an  47 especies o variedades de h ifom icetes con conidiogénesis 
h o lob lástica  d istrib u id o s en 27 géneros, de los cuales 7 géneros y 19 especies son n uevos reportes 
p a ra  C uba, y  de éstos, 4 especies y  2 v a ried ad es pertenec ien tes a los géneros Acrodictys M. E . 
E llis, G yrothrix  (Corda) C orda, M ycoenterolobium  Goos, Periconiella Saccardo y  Pithomyces 
B erkeley  e t  B room e son p ro p u esto s com o nuevos ta x a  p a ra  la  ciencia. Los e jem plares y  tipos 
se e n cu e n tra n  depositados en  el H e rb a rio  del In s t i tu to  de B otán ica  de la A cadem ia de ciencias 
de C uba (НА С).

Reseña de especies

1. Acrodictys bambusicola M. B. E llis, M ycol. P ap ., 79: 6 (1961)

Sobre ram as m uertas de B am b u sa  sp. M ogote de la Solapa. 13. V II . 1982. A. M e r c a d o  

6779 (НАС).
Colonias dispersas, p a rd o  oscu ras a negras. Conidióforos p a rd o s , h a s ta  257 /¿m de 

lo n g itu d , 5 -7 ,6  ^ m  de grueso. C onidios p a rd o s, 1 8 -2 3 x 1 0 ,5 -1 3  /пт.
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2. Acrodictys globulosa  (T ó th ) M. B. Ellis, M ycol. P a p , 103: 34 (1965)

Sobre ram as m u e r ta s  no id en tificad as; sobre ra m a s  m u erta s  de Licaria jam aicensis  
(N ees) K osterm an ; F ischeria  havanensis D ecne; Am pelocera cubensis G ris., Zanthoxylum  sp ., 
C offea  sp., y  sobre h o ja ra sc a . Los L lanos de Pad illa . 2. I I .  1983. A. M ercado  7004, 7006, 7007, 
7036, 7040, 7044, 7046, 7047, 7051, 7053 (НАС).

Colonias d ispersas, p a rd a s . Conidióforos pa rd o s 4 0 - 1 6 2 x 4 - 5  /лп ; h a s ta  8 p ro life rac io ­
nes percurren tes. Conidios p a rd o  pálidos, (16 ,5-) 1 9 ,5 -2 5 x 1 5 ,2 -1 7 ,5  /¿m.

E l grosor de los con id ios en el m ate ria l de esta  especie que se colectó en Topes de C ollan­
tes  es m enor que el r e p o rta d o  po r E llis  (1971), lo que tra e  como consecuencia  que los conidios 
en  vez  de ser e s tr ic tam en te  globosos, tien d an , en n u e s tro  caso, a ir  desde am pliam en te  e lipso i­
da les a subglobosos. Sin em b a rg o , las m edidas de los conidios de n u e stro  m ate ria l se ap ro x im an  
m u ch o  a las rep o rtad as  p o r  M a tsuch im a  (1975).

3. Acrodictys stilboidea M ena e t M ercado spec, nova

Coloniae effusae, a tro -b ru n n e ae , pilosae. M ycelium  p a rtim  superficiale  p a rtim  in  su b ­
s tr a to  inm ersum . S y n e m a ta  c lav iform ia, a tro -b ru n n e a , 575 /лп  longa, 20,3 /im  c rassa ad  
m ed iu m , 25,5-50,8 /лп  a d  b asem , 30-38,1 /m i ad  ap icem . C onid iophora  m agn ifilam en tosa  
cu m  filam en tis ju n c tis , 2—3 //m  crassa  ad apicem . Cellulae conidiogenae m onoblasticae, in teg rae , 
te rm in a les , percu rren tes , cy lin d ricae . Conidia ellipsoidea, laev ia , m urifo rm ia , o livaceo-brunnea, 
(18—) 2 2 -3 1 X (11,5—) 13—16,5 //m . Cellula basalis, obconica, su b h y a lin a , 5—7 /im  crassa, 2 -3  /лп  
ad  b asim  tru n ca ta .

H olo typus: in  ram is  m ortu is  Zanthoxyli sp. Los L lanos de P ad illa , 
T opes de Collantes, S a n c ti S p iritus, Cuba, 2. II. 1983, A. Mercado  7040 (НАС).

Colonias d ispersas, p a rd o  negruzcas, pelosas. Micelio p a r te  superficial y  p a rte  inm erso 
en  el su s tra to . S inem as fác ilm en te  visibles bajo  el m icroscopio estereoscópico, claviforines, 
p a rd o  oscuros, h a s ta  de 575 /ли  de largo por ap ro x im ad am en te  20,3 /im  de grosor en la p a r te  
m ed ia , 25,5-50,8 /m i en  la b a se  y  30-38,1 /ли ju s ta m e n te  deb ajo  del ápice. Conidioforos m acro- 
nem ato so s, sinem atosos, sin  ra m if ica r , rectos, con f ilam en to s estrechos m u y  unidos h a s ta  cerca 
de la  zona apical, lisos, p a rd o s  en la  base, subhialinos a oliváceos y  de 2-3 /лn  de grosor en  la  
p a r te  superior. Células con id iógenas m onoblásticas, in te g rad a s , term in ales , percu rren tes , 
m ay o rm en te  cilindricas, su b h ia lin a s  a oliváceas. Conidios e lipsoidalas o p iriform es, so litarios, 
lisos, m uriform es, p a rd o  o liváceos; (18-) 22-31 X ( l l ,5 —) 13—16,5 /лn. Célula basal del conidio 
p ro tu b e ra n te , obcónica, su b h ia lin a , 5-7 /лn  de grosor en su p a r te  m ás ancha , 2-3 /лn  en  la 
b ase  tru n cad a .

H olotipo: Sobre ra m a s  m u ertas  de Zanthoxylum  sp. Los L lanos de P ad illa , 
T opes de Collantes, S a n c ti S p iritu s, Cuba, 2. II. 1983, A. M ercado  7040 (НАС).

Acrodictys stilboidea d ifie re  fu n d am en ta lm en te  de las re s ta n te s  especies inclu idas d en tro  
del género , porque los con id ióforos no se p resen tan  aislados, sino que  se ag ru p an  form ando  
típ ico s sinem as. A pesar de lo in u su a l de este hecho d en tro  del género , lo claro de la conidio- 
génesis y  la existencia de géneros donde existen  especies que fo rm an  e s tru c tu ra s  sinem áticas 
y  o tra s  que no lo hacen , nos p e rm ite  inclu ir este tax o n  d e n tro  de Acrodictys. Los conidios de 
A . stilboidea  p resen tan  u n a  cé lu la  b asa l p ro tu b era n te  que un ido  a su  fo rm a  en con jun to  y  sus 
d im ensiones se asem ejan  a los de la especie A . bambusicola M. B. E l l is .

* Especie nueva p a ra  Cuba.
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F ig . 1. Acrodictys stilboidea  M ena e t M ercado spec. no v a , sinem as, conidióforos, célu las conidió- 
genas y  conidios. Se observa u n  aspecto  de los sinem as en  su  h á b ita t  

F ig . 2. A crophragm is corónala K iffer e t R eisinger. Conidióforos, células conidiógenas y  conidios 
F ig . 3. Circinotrichum  papakurae  H ughes e t P irozynsk i. Setas subu ladas, conidióforos, células

conidiógenas y  conidios
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4. Acrophragmis coronata** K iffer e t R eisinger, R evue Ecol. & Biol., 7: 12— 
16 (1970)

Sobre ra m a  m u e r ta  de Coffea sp. Los L lanos de P ad illa . 2. IL  1983. A. M ercado  
7050 (НАС).

Colonias d ispersas, pa rd o  oscuras. Micelio superfic ia l y  p a r te  inm erso en el su s tra to . 
C onidióforos rectos o lig e ram en te  flexuosos, p a rd o s, lisos, sep tad o s , anillados, 50—1 1 0 x 3 ,5 —
4.5 /¿m. Conidios so lita rio s, acrógenos o en  ocasiones acrop leurógenos, lisos, con 2 sep tos, con 
u n a  célu la  cen tra l p a rd a  m u y  oscura y  las o tra s  dos p a rd o  p á lid a s; 1 1 ,5 -1 6 x 7 ,5 -8  /m i; 3,5—
4.5 fin i de grueso en la  base.

E s ta  especie, según  E llis  (1976), so lam en te  se h a  e n co n trad o  sobre ram as m u erta s  
caídas en  el Congo, po r lo que  adem ás de co n s titu ir  u n  nuevo  re p o rte  p a ra  Cuba, ta m b ié n  lo 
es p a ra  el H em isferio  O cciden ta l. E n  el m a te ria l cubano  los conidios son lig e ram en te  m ás 
largos que los del m a te ria l tipo .

5. Berkleasmium caribense H ol-Jech . e t M ercado, Ceska M ykol., 38 (2); 9 9 -  
100 (1984)

Sobre raq u is  de la h o ja  de Calyptronoma dulcís (W r. e t  G riseb.) Bailey. M onte de los 
Gallos. 13. Y II. 1982. A. M ercado  6748 (НАС).

Conidios pardos con u n  sep to  lo n g itu d in a l y  3 -4  sep tos tran sv ersa les ; 2 3 -2 8 x  1 3- 
20,3 / ш .

Los conidios son algo m ás pequeños que los descritos por H olu bov á - J echová  y  Mercado  
(1984) a p a r t i r  de m a te ria l que se encon tró  en Is la  de la Ju v e n tu d , Cuba.

6. Brachysporiella arengae (M atsuchim a) H o lu b o v á-Jech o v á , Ceska M ykol., 
37 (1): 14 (1983)

Sobre pecíolo de la  ho ja  m u e rta  de Roystonea regia (H . B . K .) O. F . Cook. Los L lanos 
de P ad illa . 2. I I .  1983. A. Mercado  7018 (НА С).

Colonias d ispersas, negras. Conidióforos p a rd o  oscuros, 1 7 0 -2 6 0 x 6 -8  /mi, 7 ,6 -9 ,5  /m i 
de grueso  en la  base. Conidios pardos a p a rd o  oscuros, con 3 sep tos; 2 0 ,3 -2 9 x 1 0 -1 3  /m i.

Los conidios de e s ta  especie que se colectó en  T opes de C ollantes p re sen tan  m enores 
d im ensiones que los que re p o rta n  Ma tsuch im a  (1975), H u g h es  (1978) y  m ás rec ien tem en te  
p a ra  la S ierra de los O rganos, C uba H olubová- J echová  (1983).

7. Circinotrichum papakurae* H ughes e t P irozynsk i, N . Z. J l. B o t., 9: 3 9 -  
45 (1971)

Sobre ho jas m u ertas  de Roystonea regia (H . B. K .) O. F . Cook y  sobre h o jarasca . Los 
L lanos de P ad illa . 2. I I .  1983. A. Mercado 7043, 7044 (НА С).

Colonias b ipófilas o anfígenas, d ispersas, p a rd as  cuando  estériles, pa rd o  grisáceas 
cuando  e s tán  ab u n d an tem e n te  esporu ladas. Micelio superfic ia l y  p a r te  inm erso en el su s tra to . 
S e tas  re c ta s , pa rd o  oscuras cerca de la  b ase , p a rd o  pá lid as h ac ia  el ápice, h a s ta  de 235 /m i 
de lo n g itu d , 2 ,5 -4  /¿m de g rosor en la base, d ism inuyendo  g rad u a lm en te  hacia  la  p a r te  superio r, 
h a s ta  m enos de 1 / ш  de grueso. Células conidiógenas obclav iform es a lageniform es, su b h ia li­
n a s ; 5 -7 ,6  /m i de largo, 3 -4  fini  de grueso. Conidios fusifo rm es, rectos o lig e ram en te  curvos, 
sin  sep tos, h ialinos; 1 2 -1 6 x 1 ,5 -1 ,8  /¿m.

** Género y  especie nuevos p a ra  Cuba.
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E ste  ta x o n  se describe  y  se ilu s tra  en  este  tra b a jo , p o r ser u n a  especie poco co lec tad a  
a n ivel m u n d ia l y  co n s titu ir  u n  nuevo hallazgo p a ra  Cuba. L as se tas  en el espécim en cubano  
pueden m ed ir h a s ta  235 /m i de lo n g itu d , m ucho m ás largas que las del espécim en de N u ev a  
Z elandia que sólo a lcan zan  150 /um (H u gh es  y  P ir o zy n sk i 1971).

8. D ictyosporium  elegans C orda, W eiten w eb er’s B e iträg e  . . 87 (1836)

Sobre ram as m u erta s  de S m ilax  sp. Los L lanos de P ad illa . 2. I I .  1983. A. Mercado  
7014 (НАС).

Colonias d ispersas, pardo  negruzcas. Conidios pa rd o  d o rad o s; 3 5 -5 0 x  18-26 /um, 
ap lanados en  u n  p lano , com puestos de 5 -7  h ileras de células, de ap ro x im ad am en te  la m ism a 
longitud .

Los conidios de e s ta  especie son m ás pequeños que los de la descripción de E llis  (1971), 
pero coinciden con las d im ensiones rep o rta d as  po r Matsuch im a  (1975).

9. D ictyosporium  heptasporum  (G arov.) D am on, L lo y d ia ., 15: 118 (1952)

Sobre ram as m u e rta s  de árbol no iden tificado . M onte de los Gallos. 13. V IL  1982, 
A. Mercado  6759 (НАС).

Conidios pardos, 4 8 ,5 -6 8 ,5 x 2 0 ,5 -2 5 ,4  /um.

10. Gangliostilbe sp.**

Sobre tronco  m u erte . M ente de los Gallos. 13. Y II. 1982, A. Mercado 6759 (НА С).
Colonias d ispersas, negras, pelosas. Micelio inm erso en  el su s tra to . Sinem as fácilm en te  

visibles bajo  el m icroscopio estereoscópico, cilindricos, pa rd o  negruzcos, h a s ta  de 600 / im  de 
longitud  por 22,8-35 /ит y  23-56  /um en la base. Conidióforos m acronem atosos, sinem atosos, 
rectos, con filam en to s m u y  un idos h a s ta  el áp ice, lisos, pardos, 3 -4  /um de grosor en la  p a r te  
superior. Células conidiógenas m onoblásticas, in te g rad a s , d e te rm in a d as , cilindricas, p a rd as . 
Conidios obovoides o elipsoidales, so litarios, lisos, con dos sep tos transv ersa les , pardo  d o rados 
a pardo  algo oscuros; 3 0 ,5 -3 6 x 1 3 ,5 -1 6  /um.

El género Gangliostilbe S u b ram an ian  e t V itta l, sólo in clu y e  la  especie tipo  G. indica  
que se colectó sobre h o jarasca  de Bam busa  sp ., según Ca r m ic h a el  e t  al. (1980). N oso tros 
incluim os este hongo d e n tro  del género, pero no podem os d e fin ir si se t r a ta  de la especie tip o , 
con la cual p re sen ta  g ra n  sem ejanza , o de o tra  especie, debido a que  no se ha podido c o n su lta r  
la descripción orig inal. E l género Gangliostilbe co n stitu y e  u n  n u ev o  rep o rte  para  C uba y  p a ra  
el Hem isferio O ccidental.

11. Gyrothrix cubensis M ena e t M ercado spec, nova

Coloniae effusae, cinereae, b ru n n eae  vel a tro -b ru n n eae , v e lu tin ae . M ycelium  p a rtim  
superficiale, p a r tim  in su b s tra tu m  im m ersum . Setae  e rec tae , c rassae , tu n ica tae , v e rrucosae , 
b runneae , 2 -4  su b d ich o to m ae, d icho tom ae vel v e r tic illa tae , ram o sae , 80 /um longae, 4 -5 .2  
basi /uni crassae. Cellulae conidiogenae ex la te rib u s  h y p h a ru m  superficialium  su rgen tes , 
o bc lavatae  vel lagen iform es; 5 ,5 -9  X 2,8-4 ,2  /um. Conidia fu sifo rm ia , rec ta , hyalina  vel sub- 
hya lin a ; 6 -8 ,5  X 0,5-1 /im .

H o lo ty p u s: in  cortice  tru n c i m o rtu i. Los L lanos de Padilla , T opes de 
Collantes, Cuba. 2. IL  1983, A. Mercado  7027 (Н А С).
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Lámina II

F ig . 1. Gangliostilbe sp. S inem a, conidióforos, célu las conidiógenas y  conidios. Se o bservan
v arios sinem as en  su  h á b ita t

F ig . 2 . Gyrothrix cubensis M ena e t  M ercado spec. nova . S etas ram ificadas, conidióforos, células
conidiógenas y  conidios
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Colonias d isp e rsas , pardo gris a pardo  oscuras, a te rc io p e lad as . Micelio p a rte  su p e r­
ficial y  p a rte  inm erso  en  el su s tra to . S etas num erosas, e rec tas , se p tad a s; paredes g ruesas, 
rugosas, ram ificad as 2 -4  veces, su b d ico tóm icam en te , d ico tó m icam en te  o fo rm ando  u n  verticilo  
en  el ex trem o del tro n co  de las se tas ; h a s ta  de 80 /im  de lo n g itu d  p o r 4 -5 ,2  / m  de grueso en 
la base. E l tronco  p rincipal grueso es recto  o lig e ram en te  flexuoso , f in am en te  verrugoso a 
verrugoso, p a rd o ; ra m a s  rim arías re c ta s  e e sp íra ladas, v e rru g o sas , pa rd o  o liváceas; ram as 
secundarias e sp ira lad as, oliváceas o subh ia linas, en  ocasiones con el ex trem o  algo engrosado. 
Cálulas conidiógenas que surgen la te ra lm e n te  de las h ifas superfic ia les, obclaviform es o lageni- 
form es; 5,5-9 X 2,8—4,2 fim . Conidios fusiform es, rectos, h ialinos o su b h ia linos, 6-8,5 X 0 ,5-1  fim .

H olo tipo : Sobre co rteza de tronco  m u erto . Los L lanos de Pad illa , Topes 
de Collantes, S an c ti Sp iritus, Cuba. 2. I I .  1983, A. M ercado  7027 (НАС).

Las se tas de  Gyrothrix cubensis p re sen tan  d ife ren te  grado  de ram ificación  que puede 
ir de una form a b a s ta n te  sencilla, con  dos o tres ra m a s  p rin cip ales, ram ificad as fu n d a m e n ta l­
m ente , en fo rm a subdico tóm ica , s im ilar a  lo que ocurre  en  las se tas  de G. thevetiae y  G. circi­
nata , o puede fo rm a r u n a  ram ificació n  m ás com pleja que consiste  en  que las ram as de las 
se tas de esta  especie se d isponen fo rm an d o  verticilo  en  el ex trem o  del tronco  principal, algo 
parecido a lo que o cu rre  en G. flagella , pero  en esta  especie las ra m a s  son m u y  largas y  f lag e la ­
das, adem ás de que  no se en cu e n tra n  situ ad as en el ex trem o  de las se tas  como occurre en G. 
cubensis. L a p rin c ip a l carac te rís tica  que  diferencia las se tas  de G. cubensis de las se tas de estas 
especies y  de las o tra s  incluidas d e n tro  del género, es el pequeño  tam a ñ o  que tienen , pues no 
sobrepasan  n u n ca  los 80 /пт de lo n g itu d . Los conidios de este  n uevo  ta x o n  son m uy  pequeños 
y  delgados; 6 -8 ,5  X 0 ,5-1  /im , y sólo G. microsperma  y  G. thevetiae t ie n e n  conidios que se ap ro x i­
m an  en long itud , 6 -8  fim  y  7-10  / im  re sp ec tiv am en te , no así en  grosor, que en estas especies 
es m ayor. A dem ás los conidios de G. thevetiae son fa lc ifo rm es y  los de G. microsperma son 
cilindricos o e lipso idales, m ien tras que  los de G. cubensis son fusiform es.

12. Gyrothrix grísea  P irozynsk i, M ycol. P ap ., 84: 17 (1962)

Sobre h o jas  m u e rta s  de Roystonea regia (H . B. K .)  O. F . Cook. Los L lanos de Pad illa . 
2. II. 1983, A. M erca d o  7043 (НА С).

Colonias d isp e rsa s , pardo gris o pardo  rojizas. S e tas p a rd o  o liváceas, m ás oscuras en  la 
base  y  m ás p á lid a s  h ac ia  el áp ice, h a s ta  de 190 fim  de largo , 3 -5  fim  de grueso en la  base , 
a lrededor de 0,5 f im  en  los ex trem o s de las ram as. Células conidiógenas lageniform es, su b ­
h ialinas; 5 - 9 ,5 x 3 - 4  fim . Conidios h ia lin o s; (9 ,5 -) 1 1 ,5 -1 8 x 1 -1 ,5  fim .

13. Gyrothrix podosperma (C orda) R ab en h o rs t var. falcatispora M ercado e t 
M ena var. nova

A var. podosperm a  conidiis fa lca tis  longioribus, 13 ,5-20,5  fim  longis differt.

H o lo ty p u s: in  foliis m o rtu is  caducis. Los L lanos de P ad illa , Topes de Col­
lan tes , S ancti S p iritu s , Cuba. 2. I I .  1985, A. M ercad o  7044 (НАС).

Colonias d isp e rsas, pardo oscu ras , a te rc iopeladas. Micelio superfic ia l com puesto  po r 
hifas sep tadas, lisas , subhialinas a o liváceo  oscuras, ram ificad as , an as to m o sad as , que p o rta n  
células conidiógenas y  se tas, con p a red es gruesas, y  de color p a rd o  algo oscuro en  el p u n to  de 
origen de las se tas . S e tas num erosas, e rec tas , sep tad as, de pa red es g ruesas, pa rd as, ram ificad as 
sub d ico tó m icam en te  4 -6  veces, h a s ta  de 200 fim  de lo n g itu d  y  5 -6 ,5  fim  de grueso en  la base.

13* Acta Botánica Hungarica 32, 1986
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El tro n co  principal recto , p a rd o  algo oscuro , liso o fin am en te  verrugoso ; ram as p rim arias  
r e c ta s  o esp iraladas, lisas o f in am en te  v e rru g o sas ; ram as secundarias o liváceas, sub h ia lin as 
h ac ia  los extrem os, m ay o rm en te  v e rru g o sas , esp ira lad as o c irc inadas, a p ro x im ad a m en te  de 
1 f im  de grosor en el final de las ram as. Células conidiógenas que surgen  la te ra lm e n te  de las 
liifas superficiales, obclav iform es a lagen ifo rm es, subh ia linas; 6-10,1 /¿m de largo p o r 3 -5  /mi 
de grueso  en  la base. Conidios fa lc ifo rm es o lig e ram en te  curvos, h ia linos, sin  sep tos, lisos;
13,5—20,5 X 1,5-2 /¿m.

H olo tipo : Sobre h o ja ra sca . Los L lanos de P ad illa , T opes de C ollantes, 
S a n c ti S p iritus, Cuba. 2. I I .  1983, A. M ercado  7044 (НАС).

L a  v ariedad  fa lcatispora  d ifiere  fu n d a m e n ta lm e n te  de la v a rie d ad  podosperm a  en  que 
los con id ios son m ay o rm en te  fa lc ifo rm es y  m iden  de 13,5-20,5 /¿m de lo n g itu d , m ie n tra s  que 
en  G. podosperm a  var. podosperm a  son rec to s o lig e ram en te  curvos y  m iden  8—16 / m  de largo.

14. Helicoma ambiens M organ, C inc in a ti Soc. N a t. H ist. J . ,  15-45 (1892)

Sobre el pecíolo de la  h o ja  m u e rta  de Roystonea regia (H . B. K .) O. F . Cook. Los L lanos 
de P ad illa . 2. II . 1983, A. M e r c a d o  7018 (Н А С).

Conidióforos pardos, 150 /лп  de lo n g itu d  por (4 ,5 -) 5-6 / ш  de grueso. Conidios sub- 
liia linos con el filam ento  enro llado , con (6 -)  7 -9  sep tos no constreñ idos y  u n  grosor de 5 -6  /лп. 
D iá m e tro  to ta l  del conidio en ro llado , 12 ,7-15,2  (-1 6 ) /mi.

E l d iám etro  de los conidios del espécim en  de Topes de C ollantes es m enor que el 
re p o rta d o  en descripciones an te rio re s  de e s ta  especie. E n  el m ate ria l de S ierra  del R osario , 
C uba, el d iám etro  to ta l del conidio es de 14—18,5 /m i ( M e r c a d o  1982).

15. Helicoma muelleri C orda, Icon . F u n g ., 1: 15 (1837)

Sobre ram as m u ertas  de S m ila x  sp. Los L lanos de Padilla . 2. I I .  1983, A. Mercado  
7014, 7035 (НАС).

Colonias dispersas, p a rd o  negruzcas. C onidióforos pardos, oscuros h acia  la b ase , m ás 
p á lid o s hacia  el ex trem o ap ical, h a s ta  de 425 /m i de long itud , 4 ,5 -6  /u n  de grosor, 6 ,5 -9  /m i 
de grueso  en  la base. Conidios h ialinos o sub h ia lin o s, filam entos enro llados, con 6 -8  sep tos, 
5 -6  /л п  de grueso. D iám etro  to ta l  del conidio  (14—) 16,5-20,3 /mi.

16. Helicomyces roseus** L inder, A nn. M issouri B ot. G ard ., 16: 271-272  (1929)

Sobre hojas m u ertas  de Roystonea regia (H . B. K .) O. F. Cook. Los L lanos de Pad illa . 
2. I I .  1983. A. Mercado 7043 (НА С).

Colonias dispersas, b lancas. Micelio m ay o rm en te  inm erso. C onidióforos m u y  cortos, 
h ia lin o s a subhialinos; 2 5 -3 5 ,6 x 4 ,5 -5 ,2  /лп . Conidios hialinos; filam en to s enro llados, m ulti- 
se p tad o s , 3-4 ,5  / m  de grueso, con el e x trem o  lib re  subu lado , el ex trem o  b asa l red o n d ead o  y 
tru n c a d o  la te ra lm en te . D iám etro  to ta l  del conidio  35-47 /mi.

17. Helicorhoidion botryoideum (Cooke) H ughes, Can. J .  B o t., 36: 773 (1958)

Sobre ram as m u ertas  de Securidaca virgata  L. Mogote de la Solapa. 13. V II . 1982, 
A. M e r c a d o  6752 (НАС).

Colonias dispersas, p a rd o  o liváceas a negras. Conidios pa rd o  algo oscuros a pardo  
o scu ro s; 2 5 -3 3 x 1 5 -1 8  /лп.
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18. Helicosporium guianensis L in d er, A nn. Mo. B ot. G ard ., 16: 280-281 (1929)

Sobre inflorescencia  m arch ita . M ogote de la Solapa. 13. V IL  1982, A. M e r c a d o  

6763 (НАС).
Colonias d ispersas, p a rduscas. Conidióforos pardos, h a s ta  de 185 pm de long itud , 

3 -4  de grueso. C onidios h ialinos; f ilam en to s enrollados h igroscópicos, 1 ,5 -1 ,8  fixn de grosor. 
D iám etro  to ta l del conidio  20-23 f i m .

19. Idriella fertilis (P irozynsk i e t H odges) M atsuchim a. Icones m icrofungorum
a M atsuchim a lec to ru m , K obe, Jap ó n , p 87 (1975)**

Sobre ho jarasca. Los L lanos de P ad illa . 2. I I .  1983, A. M e r c a d o  7044 (НАС).
Colonias d ispersas, pard as. Micelio inm erso  en el su s tra to . E s típ ite s  setiform es, su b u la ­

dos, p a rd o s, sep tados, que en ocasiones p re sen tan  un  engrosam ien to  cerca  del ápice, m u y  
ra ra m e n te  ram ificados, h a s ta  de 330 p m  de longitud . Células conidiógenas ag ru p ad as en uno 
o dos p u n to s sobre las se tas , am pu lifo rm es, subh ia linas; 4 ,5 -7 ,5  X 3 -4 ,5  fin i. Conidios su b ­
h ialinos, falciform es, sin  sep tos; (1 1 -) 12 ,5-15,2  (-1 7 )X  1 ,5-2  /¿m.

M a t s u c h i m a  (1975) tran sfie re  Circinotrichum  fertile  al género Idrie lla  como I .  fer tilis . 
E n  Topes de C ollantes se encon tró  sobre  h o jarasca  este tax o n , que p o r c o n stitu ir un  nuevo 
rep o rte  p a ra  Cuba, y  e s ta r  poco co lectada  a n ivel m und ia l, es ilu s tra d a  en  este  trab a jo .

20. Monodictys nigra* M atsuch im a, Icones m icro fungorum  a M atsuch im a lec­
to ru m , K obe, J a p ó n , p 98 (1975)

Sobre ram as m u e rta s  de Licaria  jam aicensis  (Nees) K o s te rm an  y  sobre ram as m u ertas  
no id en tificadas. Los L lanos de Pad illa . 2. I I .  1983, A. M e r c a d o  7006, 7023 (НАС).

Colonias d ispersas, negras. Conidios pardo  algo oscuros o pardo  negruzcos; (18 -) 2 4 -4 1 X 
(13 -) 15-24 fin i.

E l espécim en cu b an o  de M onodictys nigra  solo difiere de la descripción  original, en  que 
los conidios son, en  ocasiones, lig e ram en te  m enos oscuros.

21. Monodictys sp.

Sobre ram as m u e r ta s  no id en tific ad as y  sobre ram as m u erta s  de Coffea sp. Los L lanos 
de P ad illa . 2. I I . 1983, A. M e r c a d o  7023, 7051 (НАС).

Colonias d ispersas, pardo  negruzcas. Conidios p a rd o s; 28-56 X (2 0 -) 25-36 (-45 ) fon.

22. Mycoenterolobium platysporum* Goos var. magnum M ercado e t M ena var. 
nova

A var. platysporo  conidiis m a jo rib u s , 8 5 -1 5 3 x 9 5 —246 /¿m in d iám e tro  d iffert.

H olo typus: in  ram is m o rtu is  Securidacae virgatae L., M ogote de la  Solapa, 
Topes de C ollantes, S anc ti S p iritu s , Cuba. 13. V II . 1982, A. Mercado  6752 
(НАС).

Colonias d ispe rsas , negras, b r illan te s . Micelio p a rc ia lm en te  inm erso  en  el su s tra to . 
Conidióforos m icronem atosos, lisos, h ialinos o subhialinos, 2-3  fixn  de grosor. Conidios so lita ­
rios, ap lanados en  u n  p lano , m u y  v a riab le s  en  fo rm a, lobu lados, m u rifo rm es, pardo  m uy  
oscuros a negros, lisos, b rillan te s ; 8 5 -1 5 3 x 9 5 -2 4 6  fim .
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Lám ina III

F ig . 1. Gyrothrix podosperm a  v a r . fa lca tispora  M ercado e t M ena va r. nova . Setas, conidióforos, 
cé lu las conidiógenas y  conidios falciform es

F ig . 2. Idriella fe r tilis  (P iro zy n sk i e t  H odges) M atsuchim a. S e tas , células conidiógenas y
conidios

F ig . 3. Mycoenterolobium p la tysp o ru m  Goos v a r. m agnum  M ercado e t  M ena v a r. nova . Coni­
dios de form a irregu lar. Se o b se rv an  las h ile ras  de células que p a r te n  rad ia lm e n te  del pu n to  

de  u n ió n  del conidio con el conidióforo
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H olo tipo : Sobre ram as m u e rta s  de Securidaca virgata L., M ogote de la  
S o lapa , S ancti S p iritu s, Cuba. 13. V II .  1982, A. Mercado  6752 (НАС).

E l género M ycoenterolobium  lo e stab lec ió  G o o s (1970) con la  especie tip o  M . p la ty -  
sporum , a p a r tir  de m ate ria l que colectó en  H aw a i. Los conidios de e s ta  especie, seg ú n  la 
descripción  o rig inal son fu e rtem en te  a p lan ad o s , negros, de form a v a ria b le  y  e s tán  com puestos 
p o r  h ile ras de células que p a r te n  ra d ia lm en te  del p u n to  de unión del conidio con el conidióforo. 
M . p la tysporum  se halló  recien tem en te  e n  Is la  de  la  Ju v e n tu d , C uba (H olubová- J ech o v á  y  
M erca d o  1984), y  en  este espécim en los con id ios coinciden e x ac ta m en te  con la  descripc ión  
o rig in a l de la especie. L a  variedad  m agnum  d ifie re  de la  variedad  p la tysporum  en  que los con i­
d ios a lcanzan  dim ensiones m ucho m ayores, casi el doble y p re sen tan  m ay o r v a ria b ilid ad  en 
su  m orfología.

23. Periconia byssoides Pers. ex M éra t., N ouv . Fl. E n v iro n s  P a ris , E d . 2, 1:
18-19 (1821)

Sobre ram as m u erta s  no id en tificad as. M ogote de la Solapa. 15. V II . 1983. A. Merca d o  
6753 (Н А С ); sobre ram as m u ertas  de Serja n ia  diversifo lia  (Jacq .) R ad lk . y  sobre ho jas m u e rta s  
de Cecropia pellala  L . Los L lanos de P ad illa . 2. I I .  1983, A. Merca d o  7003, 7041 (НА С).

Colonias d ispersas, pardo  oscuras. C onidióforos pardos, h a s ta  de 1063 fim  de lo n g itu d , 
18—25 (—28) fim  de grueso en la  base, 12—15,2 f im  debajo  de la cabeza. Conidios p a rd o s , 12— 
16 fim  de d iám etro .

24. Periconia digitata (Cooke) Sacc., Syll. F u n g ., 4: 274 (1886)

Sobre ho jas m u ertas  de gram ínea. M onte  de Je sú s  Delgado. 14. V II . 1882, A. Mercado  
6787 (НАС).

Colonias d ispersas, pardo  oscuras. C onidióforos pardos, h a s ta  de  600 fim  de lo n g itu d , 
(10 ,1—) 12,7—15,2 fim  de grosor en la  b ase , (6 ,5—) 7,6—10,1 fim  debajo  de la  cabeza. C onidios 
p a rd o s ; 7 ,6-8  fim  de d iám etro .

25. Periconia minutissima Corda, Ico n . F u n g ., 1: 19 (1837)

Sobre ho jas m u e rta s  de g ram ínea. M onte  de Jesú s Delgado. 14. V II . 1982, A. Merca d o  
6814 (Н А С ); sobre h o jas m u ertas  de R oystonea regia (H . B. K .) O. F . Cook. Los L lanos de 
P ad illa . 2. I I .  1983, A. Mercado 7043 (Н А С ).

Colonias d ispersas, negras. C onidióforos h a s ta  de 600 fim  de lo n g itu d , 9,5—16 fim  en  
la  b ase , 5 ,5-7 ,6  fim  debajo  de la cabeza. C onidios de 4 -6  (-7 ,5) fim  de d iám etro .

26. Periconiella trichostigmae* M ena e t M ercado spec, nova

Coloniae effusae, cinereae vel o liv aceo -b ru n n eae . M ycelium  superficiale  e hy p h is ram o - 
sis, se p ta tis , b ru n n e is , verrucosis, 4,5—6,5 f im  c rassis com positum . C onidiophora m agn ifila - 
m en to sa , un ifilam en to sa , b ru n n ea , re c ta  v e l le v ite r  flexuosa. S tip ites 230 fim  longi, 5,2—6 fim  
la ti .  Cellulae conidiogenae po lyb lasticae , ap icales, cylindricae. C onidia p recipue s ingu la , 
e llipso idea vel cy lind rica , laev ia, a se p ta ta , h y a lin a  vel subhyalina ; 7 ,6—1 0 ,1 x 2 —3 fim .

H o lo ty p u s: in  ram is m o rtu is  Trichostigmae octandri (L .) H . W alt. Los 
L lanos de P ad illa , Topes de C ollan tes, S anc ti S p iritus, C uba. 2. I I .  1983, 
A. M ercado  7016 (НАС).
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Lámina IV

Fig. 1. Periconiella trichostigm ae  M ena e t M ercado spec. nova. C onidióforos, células conidió-
genas y  conidios

F ig . 2. Sporidesm ium  coffeicola  M. B. Ellis. C onidióforos, células conidiógenes y conidios 
F ig. 3. Pithomyces niger M ercado  e t Mena spec. nova . Micelio v eg e ta tiv o , conidióforos, células 

conidiógenas y  conidios ap end icu lados
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Colonias d ispersas, grises a p a rd o  o liváceas. Micelio superficial com puesto  de h ifas 
ram ificad as , sep tad as, m ay o rm en te  rugo sas, p a rd a s , m ás oscuras en  el p u n to  donde su rg en  
los conidióforos; 4 ,5 -6 ,5  /im  de grueso. C onidióforos m acronem atosos, m ononem atosos, com ­
p u esto s de u n  e s típ ite  erec to , recto  o lig e ram en te  flexuoso , liso, p a rd o ; 230 fin i de lo n g itu d , 
5 ,2 -6  fim  de grueso, y  de u n a  cabeza fo rm ad a  p o r ra m a s  p rim arias o liváceas a pardo  o liváceas 
y  ra m a s . Células conidiógenas p o lib lásticas , te rm in a les , c ilindricas, c icatrizad as . Conidios 
so lita rio s o m uy  ra ra m e n te  en cortas c ad en as , e lipsoidales o cilindricos, lisos, sin sep to s, 
h ialinos o subh ia linos; 7 ,6 -1 0 ,1 x 2 -3  fim .

E s ta  especie e s tá  re lacionada p r in c ip a lm en te  con P. velutina  y  P. anisophylleae. L as 
ra m a s  de los conidióforos en P. trichostigmae  no se d isponen  de fo rm a ta n  esparcida  com o en 
P . velu tina , ni ta n  ap re tad a m en te  com o en  P . anisophyllae. Los conidios de P . velu tina  en 
ocasiones p re sen ta n  u n  sep to , pueden  ser lisos o rugosos y  m iden 7 -12  (9) X 2,5-4  (3,4) / ш ;  
los de P. anisophylleae son ligeram en te  rugosos, sin  sep tos y  m iden 5—8 (6 ,5 )x 2 ,4 -4  (3,2) fim  
( E l l is  1967), m ien tras  que en  el nuevo ta x o n  p ro p u esto , los conidios son  siem pre lisos y  sin  
sep to s y  sus dim ensiones v a n  de 7 ,6 -1 0 ,1 x 2 -3  p m .

27. Phaeoisaria clematidis (Fuckel) H ug h es, Can. J .  B o t., 36: 795 (1958)

Sobre ram as m u erta s  de S m ila x  sp ., A m pelocera cubensis Gris, y  Z anthoxylum  sp. Los 
L lanos de Pad illa . 2. I I .  1983, A. Merca d o  7035, 7036, 7040 (НАС).

Colonias d ispersas, negras. S inem as h a s ta  de 500 /im  de largo po r 20-40 (-51 ) fin i de 
grueso  en  la base; 8,5—15,2 (-20) fim  en  el áp ice. C onidios hialinos o subh ia linos, 4-7  X 1,4—2 /nn.

28. Pithom yces cinnam om eus  H o l-Jech , C eska M ykol., 38 (2): 112 (1984)

Sobre tro n co  m u erto  de B am busa  sp. y  sobre  ra m a  m u erta  de Coffea sp. Los L lanos de 
P ad illa . 2. I I .  1983, A. Mercado  7019, 7050 (Н А С ).

Colonias p u n tifo rm es, pardo  oscuras. C onidios pa rd o  oliváceos, 20—43 X (12 ,7-) 15-22 /m i.

29. P ithom yces n iger M ercado e t M ena spec, nova*

Coloniae punc tifo rm es, nigrae. M ycelium  superficiale  e hyph is ram osis , sep ta tis , laev i- 
b u s , sub h y a lin is  vel o livaceo-brunneis, 2—2,5 fin i crassis com positum . C onidiophora s ingu la , 
re c ta  vel flexuosa, b ru n n ea , circa 10,5 fin i longa, 2 ,5 -3  fim  la ta . Conidia singula, acro g en a , 
lim on ifo rm ia , e llipsoidea vel subglobosa, la ev ia , n ig ra , appen d icu la ta , co n stric to -m u rifo rm ia ;
3 0 ,5 -4 1 x 2 3 -2 8  fim .

H o lo ty p u s: in  tru n c is  m o rtu is  B am busae  sp. Los L lanos de Pad illa , T opes 
de C ollantes, S an c ti Sp iritus, C uba. 2. I I .  1983, A. Mer c a d o  7019 (Н А С ).

Colonias pun tifo rm es, negras. M icelio superfic ia l com puesto de h ifas ram ificad as , sep ­
ta d a s ,  an as to m o sad as , lisas, subhialinas a p a rd o  oliváceas, 2-2,5 fim  de grosor. C onidióforos 
que su rgen  irreg u la rm en te  sobre las h ifas, sim ples, rectos o flexuosos, p a rd o s; h a s ta  de 10,5 fim  
de lo n g itu d  por 2,5—5 fin i de grueso. C onidios so lita rio s, acrógenos, lim oniform es, elipso idales 
o subglobosos, apend icu lados, negros, lisos, co n stric to s  en los sep tos, 3 0 ,5 -4 1 x 2 5 -2 8  fin i. 
Los septos tran sv ersa les  y  long itud inales de los conidios sólo son v isib les cuando los conidios 
son  jóvenes.

H olo tipo : Sobre tronco  m u e rto  de B am busa  sp. Los L lanos de P ad illa , 
T opes de C ollantes, S ancti S p iritu s, C uba. 2. I I .  1983, A. M e r c a d o  7019 (Н А С ).
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O tros e jem plares exam inados. Sobre tro n co  m u erto  no id en tificad o , M onte de Je sú s  
D elgado . 14. V II. 1982, A. M e r c a d o  6786 (НА С).

L a  e s p e c i e  P ithom yces niger p r e s e n t a  g r a n  s i m i l i t u d  c o n  P. pu lv ina tus, r e s p e c t o  a  l a  

f o r m a  y  c o l o r a c i ó n  d e  l o s  c o n i d i o s ,  q u e  e n  a m b o s  c a s o s  p u e d e n  s e r ,  p r i n c i p a l m e n t e ,  l i m o n i -  

f o r m e s  y  d e  c o l o r  n e g r o  o  n e g r u z c o ,  p e r o  e n  P . niger l o s  c o n i d i o s  t i e n e n  d i m e n s i o n e s  m u c h o  

m e n o r e s  q u e  e n  P. p u lv in a tu s ,  a d e m á s  d e  q u e ,  f r e c u e n t e m e n t e ,  p o s e e n  u n  a p é n d i c e  q u e  n o  s e  

i n c l u y e  e n  l a  d e s c r i p c i ó n  d e  P . pulvina tus  ( E l l i s  1 9 7 1 ) .

30. Pithomyces sacchari (Speg.) M. B. E llis , M ycol. P ap ., 76: 19 (1960)

Sobre ho jas m u e rta s . C am pam ento  de P io neros. 15. V II. 1982, A. M e r c a d o  6750 (Н А С). 
Colonias p u n tifo rm e s , pa rd o  oliváceas a  p a rd o  oscuras. Conidios de color p a jizo  o 

p a rd o , 15,2-25,4 ( - 2 7 ) x ( 6 ,5 - )  7,6-12,7 ftm .

31. Pleurophragm ium  parvisporum **  (P reu ss) H o l-Jech , Ceska M ykol., 26 (4):
223-225 (1972)

Sobre ram as m u e r ta s  no iden tificadas y  sobre  ram as m u erta s  de Nectandra coriácea 
(Sw .) Gris. Los L lanos de  P éd illa . 2. I I . 1983, A. M ercado  7048, 7049 (НАС).

Colonias d isp e rsas, p a rd o  pá lidas a p a rd o  oscu ras. Conidióforos pa rd o s a pardo  oscuros, 
subh ia linos hacia el áp ice, h a s ta  de 205 fim  de  lo n g itu d , 7 ,6 -10 ,4  ftm  de grueso en  la  b ase ,
4,5—5,2 fim  en el resto . C onidios hialinos o su b h ia lin o s, 13—1 6 ,5 x 4 —5,5 fim .

32. Pseudobotrytis terrestris**  (T im onin) S u b ram ., P roc. In d ia n  A cad. Sei.,
Sect В, 43: 277 (1956)

Sobre pecíolo de la  h o ja  m u erta  de Roystonea regia (H . B. K .) O. F . Cook. Los L lanos 
de P ad illa . 2. I I .  1983. A. M ercado  7056 (НАС).

Colonias d ispersas, p a rd a s . Conidióforos p a rd o s  a  pardo  algo oscuros, h asta  de 330 fim  
de lo n g itu d , (4,5—) 5—6 ,5 /(m  de grosor cerca de la  base. Conidios p a rd o  pálidos, 7 -8  X 2,5— 
3,5 fim .

33. Pseudospiropes s im p lex  (K unze ex P ers.) M. B. Ellis, D em atiaceous H y p h o -
m yeetes, C .M .I. K ew ., p. 260 (1971)

Sobre ram as m u e r ta s  no iden tificadas, peciolo de la  ho ja  m u e r ta  de Roystonea regia 
(H . B. K .) O. F . Cook y  ra m a s  m u ertas  de Coffea sp . Los L lanos de P ad illa . 2. I I .  1983, A. 
M erca d o  7012, 7034, 7050 (НА С).

Colonias d ispersas, p a rd o  oscuras o p a rd o  negruzcas. Conidióforos pardo  oscuros, p á li­
dos hacia  el ápice, h a s ta  de 120 fim  de lo n g itu d , 5—6,5 fim  de grosor. Conidios pardo d o rados, 
(2 8 -) 33-40,5 (-4 9 )X  11-12,7  (-15 ,2 ) ,um.

34. Rhinocladiella**  e s ta d o  de D yctiotriciella m anssoni Schol-Schw arz, A n ton ie
v an  L eeuw enhoek ., 34: 122-135 (1968)

Sobre hojas m u e rta s  de Roystonea regia (H . B . K .) O. F . Cook. Los L lanos de P ad illa . 
2. I I .  1983, A. Mercado  7043 (НАС).
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Colonias d ispersas, oliváceas. C onidióforos p a rd o  oliváceos, 3 3 -9 0 x 2 ,5 -3  fim . Conidios
2 ,5 -4 ,5x 1,5-2  fim . Los conidióforos de e s ta  especie, según la descripción  de E llis  (1971) 
llegan  h a s ta  60 fim  de longitud  y  los conidios v a n  de 4 -6  X 1-2 fim . E n  el m ate ria l cubano  
los conidióforos a lcanzan  h asta  90 /ím  de lo n g itu d , m ie n tra s  que los conidios son lig e ram en te  
m enores.

35. Sporidesm ium  brachypus* (E llis e t E v e rh .)  H ughes, Can. J .  B o t., 36:
807 (1958)

Sobre ra m a s  m u ertas  de Ocotea leucoxylon  (Sw .) Mez. y  sobre pecíolo de la  h o ja  m u e r ta  
de Roystonea regia (H . B. K .) O. F . Cook. Los L lanos de Padilla . 2. I I .  1983, A. M e r c a d o  

7028, 7034 (НА С).
Colonias d ispersas, pardo  oscuras a  neg ras. Conidióforos pard o s, algo oscuros, 30—8 6 X 

5—6 fim . Conidios ocráceos a pardo  do rad o s, 5 6 -7 6 x 9 ,5 -1 5  fim .

36. Sporidesm ium  coffeicola* M. B. E llis, M ore D em atiaceous H y p h o m y cetes ,
C .M .I., K ew ., p 87-88 (1976)

Sobre ra m a s  m u ertas  no id en tific ad as y  sobre  ram as v ivas y  m u e rta s  de Coffea sp. 
Los L lanos de P ad illa . 2. I I . 1983, A. Merca d o  7004, 7010, 7047, 7051 (НАС).

Colonias d ispersas, pardas a negras. M icelio inm erso  en el su s tra to . Conidióforos rectos 
o flexuosos, p a rd o s , h a s ta  de 115 fim  de lo n g itu d , 2 ,5—4 fim  de grosor, con 0 -3  proliferaciones 
c ilindricas o lageniform es. Conidios e s trec h am e n te  obpiriform es a obclaviform es, 2 -3  (-4 )  
sep tos; 13,5—20,3 (-2 5 ) fim  de largo , (3 ,5—) 4—5 f im  de grueso, 2 -3  fim  en  la  base , con la s  dos 
células in ferio res p a rd as  y  las superiores su b h ia lin as.

Sporidesm ium  coffeicola solo re p o rta d o  p o r E l l i s  (1976) sobre h o jas  de Coffea robusta  
en  el O este de I rá n ,  se encontró  en  c u a tro  ocasiones en  Topes de C ollantes. E s ta  especie se 
lu s tra  aqu í, p o r p re sen ta r  el m a te ria l cu b an o  a lg u n as diferencias con el iran í, y  p o r c o n s titu ir  
el p rim er rep o rte  p a ra  Cuba y  p a ra  el H em isferio  O cciden tal. Los conidióforos en los especí­
m enes cubanos son m ás largos y  m enos gruesos que  lo p lan teado  en  la  descripción  in ic ia l de 
esta  especie. Los conidios tam b ién  son m ás delgados, lo que in fluye en que su fo rm a v a ríe  y  
no  sean  p irifo rm es sino estrecham en te  obp irifo rm es u  obclaviform es y  se en co n tra ro n  a lgunos 
que p o d ían  p re se n ta r  h asta  4 septos y  25 fim  de lo n g itu d .

37. Sporidesm ium  coronatum* F ucke l, S ym b . m ycol., N a c h tra g  2: 77 (1874)

Sobre ra m a s  m u ertas  no id en tif ic ad a s , sobre  ram as m u ertas  de M ika n ia  sp. y  de 
Z anthoxylum  sp. Los L lanos de P ad illa . 2. I I .  1983, A. M e r c a d o  7004, 7021, 7040 (НА С).

Colonias d ispersas, pardo  oliváceas a  p a rd o  oscu ras. Conidióforos p a rd o s, 25-78 X 4—5 fim . 
C onidios p a rd o  pálidos, 3 6 -7 1 x 8 -1 2 ,7  fim .

38. Sporidesm ium  leptosporum  (Sacc. e t R oum ) H ughes, Can. J .  B o t., 36: 
808 (1958)

Sobre ra m a s  m u ertas  no id en tif ic ad as  y  sobre  pecíolo de la h o ja  m u e rta  de Roystonea  
regia (H . B. K .) O. F . Cook. Los L lanos de P ad illa . 2. I I .  1983, A. Mercado  7023, 7056 (Н А С ).

Colonias d ispersas, pardo oscuras. C onidióforos pardos, algo oscuros, h a s ta  de 80 fim  
de lo n g itu d , (3 ,5 -)  4 -5  fim  de grosor. C onidios su bh ia linos a ocráceos, frecu en tem en te  pa rd o  
pá lidos en  la b ase ; 3 3 -5 3 x 6 -8  fim .
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39. Sporidesm ium  tropicale  M. B. Ellis, M ycol. P ap ., 70: 58-60  (1958)

Sobre tronco  m u e rto  de Bam busa  sp., sobre ram as m u ertas  de Nectandra coriácea (Sw .) 
Gris, y  sobre el pecíolo de la  h o ja  m u erta  de Roystonea regia (H . B. K .) O. F . Cook. Los L lanos 
de Pad illa . 2. IL  1983, A. M ercado  7019, 7049, 7055 (НА С).

Colonias d isp e rsas, p a rd o  negruzcas. C onidióforos pardos, h a s ta  de 254 //m  de lo n g itu d , 
5 -6 ,5  /Ш1 de grosor. C onidios pardos, 8 1 -1 2 5 x 1 1 ,5 —15,2 /¿m.

40. Sporidesm ium  vagum  C. G. e t T . F . L. Nees ex  L ink , in  L inne’s Sp. PL,
E d  4 (W illdenow ’s), 6 (2): 120 (1825)

Sobre ram as m u e r ta s  no id en tificadas; sobre ra m a s  m u ertas  de Ocotea leucoxylon (Sw .) 
Mez, Zanthoxylum  sp ., G ouania  polygam a  (L .) R a d lk ., Coffea sp., sobre  tronco  m uerto  y  sobre 
el pecíolo de la h o ja  m u e r ta  de Roystonea regia (H . B . K .) O. F . Cook. Los L lanos de P ad illa . 
2. I I .  1983, A. M e r c a d o  7004, 7010, 7019, 7028, 7033, 7034, 7037, 7040, 7046, 7048, 7050, 
7051, 7052 (НАС).

Colonias d ispersas, n eg ras. Conidióforos p a rd o s  algo oscuros, 2 3 - 6 1 x 5 - 7  fini. Conidios 
p a rd o  a pardo  algo oscuros, 125-240X  12-14 (-1 6 ,5 ) fim .

41. Torula herbarum  f. quaternella Sacc., A nn. m ycol., I l :  556-557 (1913)

Sobre ra m a  m u e r ta  de m alvácea. Los L lanos de Pad illa . 2. I I .  1983, A. M e r c a d o  

7017 (НАС).
Colonias d ispersas, p a rd o  oscuras o negras. Conidios p a rd o s, 11-16 X 5-6 ,5  (-7 )  pm.

42. X enosporium  berkeleyi (Curtis) P irozynsk i, M ycol. P ap ., 105: 27-29 (1966)

Sobre ram as m u e r ta s  de Cenchrus sp. M onte los Gallos. 13. V II. 1982, A. M e r c a d o  

6806 (НАС); sobre tro n co  m u e rto  de Bambusa  sp. Los L lanos de P ad illa . 2. II . 1983, A. M e r ­

c a d o  7019 (НАС).
Colonias d isp e rsas, negruzcas. Conidióforos p a rd o s  a pa rd o  oscuros, 2 5 - 4 5 x 6 -7  /¿m. 

Conidios pardo  d o rados a  p a rd o  oscuros, 22-27 fim de d iám etro , con u n  “ conidio sec u n d ario ”  
que m ide 5-7  fim de d iám e tro .

43. X enosporium  thaxteri (L inder) P irozynsk i, M ycol. P a p ., 105: 30-33 (1966)

Sobre ram as m u e r ta s  de Cenchrus sp. M onte los Gallos. 13. V II . 1982, A. M e r c a d o  

6806 (НА С); sobre el pecíolo de la hoja m u e rta  de Roystonea regia (H . B. K .) O. F . Cook. 
2. I I .  1983, A. M e r c a d o  7034 (НАС).

Colonias p u n tifo rm e s. pardo  oscuras a  neg ruzcas. C onidióforos subhialinos a  p a rd o  
pá lidos, m uy  cortos, 5—7 ^ m  de grueso. Conidios al princip io  subhia linos, luego p a rd o s  a 
p a rd o  algo oscuros, 44—53 fim de d iám etro ; p re sen ta n  2—4 “ conidios secundarios”  de 6—7,6 fim 
de d iám etro .

44. Zygosporium  gibbum  (Sacc., Rouss e t B om m .) H ughes, Can. J .  B o t., 36:
825 (1958)

Sobre ho jas m u e rta s . M onte los Gallos. 13. Y I I .  1982, A. M e r c a d o  6793 (НАС). 
Colonias d ispersas, p a rd o  oscuras. Vesículas p ed u n cu lad as que surgen  d irec tam en te  de 

hifas del m icelio, p a rd o  oscu ras , 1 0 -1 2 ,7 x 7 ,6 -9  fim. Conidios h ialinos, 3 ,5 -5  fim de d iám e tro .
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E n  este  espécim en el d iám e tro  de los conidios puede ser lig e ram en te  m enor que el que 
se re p o rta  p a ra  esta  especie ( E l l i s  1971) y  m ás recien tem en te  p a ra  C uba ( M e r c a d o  1984).

45. Zygosporium  m ycophilum *  (Vuill.) Sacc., A nnls m ycol., 9: 256 (1911)

Sobre ho jas m uertas . M onte los Gallos. 13. V II . 1982, A. M e r c a d o  6793 (НАС). 
Colonias dispersas, pard as. V esículas sobre largos pedúnculos que  surgen  d irec tam en te  

de hifas del m icelio superficial, p a rd as , 1 1 -1 7 x 6 -7 ,6  gm . Conidios e lipsoidales, h ialinos, lisos 
o f in am en te  verrugosos, 6 -7 ,5  X 4 -6 ,5  gm .

46. Zygosporium  m inus  H ughes, M ycol. P a p ., 44: 6 -7  (1951)

Sobre ho jas m uertas . M onte los Gallos. 13. V II . 1982, A. M e r c a d o  6793 (НАС). 
Colonias dispersas, p a rd o  negruzcas. C onidióforos pardo pá lidos o pardos, h a s ta  de 

35 g m  de largo , 2-3 g m  de grosor en la base. V esículas pardo  oscuras, 8 -9  X 5-6 ,5  g m . Conidios 
h ialinos, 6 -7 ,6  g m  de d iám etro .

47. Zygosporium  oscheoides M ont., A nn. Sei. n a t., Ser. 2, 77: 121 (1842)

Sobre  hojas m u ertas . M onte los Gallos. 13. V II . 1982, A. M e r c a d o  6793 (Н А С ); sobre 
ram as m u e rta s  de Serjania diversifolia  (Ja cq .)  R a d lk ; sobre hojas m u e rta s  de P anicum  sp., 
Cecropia peltata  L ., Roystonea regia (H . B. K .) O. F . Cook y  sobre h o ja ra sca . Los L lanos de 
P ad illa . 2. I I .  1983, A. M e r c a d o  7003, 7022, 7041, 7043, 7044 (НАС).

Colonias dispersas, p a rd u scas  o negras. Conidióforos pardos, p a rd o  pálidos hacia  el 
ápice, h a s ta  de 45 g m  de lo n g itu d , 2 ,5-3 ,5  g m  de grosor en la base. Conidios h ialinos o su b ­
h ialinos, 7 - 1 0 x 4 ,1 -5  gm .
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Riccardia reyesiana  is described fro m  C uba, as new  to  science. I t  is re la te d  to 
R . sprucei (S tep h .)  M eenks e t De Jong .

T his re p o rt is p re lim in a ry  to th e  H ep atic  F lo ra  o f Cuba (H ep á tica s  de Cuba) w hich  is 
c u rren tly  in p re p ara tio n . T he a u th o r stu d ied  th e  A neuraceae K linggr., a fam ily in C uba 
rep resen ted  by  tw o g en era : A neura  D um . and  R iccardia  S. F . G ray . W hile A neura sessilis 
(Spreng .) G o tt., L indenb . & Nees is th e  only rep re se n ta tiv e  o f its  genus, there occur e leven 
Riccardia  species on  th e  island . In  th e  p re sen t p a p e r one of these  Riccardias is described  as 
new  for science. I t  is d ed ica ted  to  Sra. Deisi R e y e s  M o n t o y a  (S an tiag o  de Cuba), b ry o lo g is t 
and one of th e  in  i tia to rs  o f th e  p ro jec ted  H ep atic  F lo ra  o f Cuba.

R iccard ia reyesiana  M eenks sp. nov .

P la n ta e  re p en tes  ve i erectes, v irides, ad  1.3 cm  longae, hy a lin e  a la tae  (alae 1 ve l 7 
cellu la tae). R am ifica tio  irreg u la rite r  hi- vel tr ip in n a ta ;  ram u li p rim arii oppositi, ad  5.5 m m  
longi, ap ice re tu s i vel em arg in a ti. Thalli in  sectione tran sv ersa li bi- vel p lanoconvexi, 0 .55—
0.75 m m  la ti ,  0.22—0.27 m m  (celluli 7—10) crassi, m arg ine acu ti. Cellulae epiderm ales re c tan -  
gu lares, 1 5 x 1 2 -3 2 -3 0  /tm ; cellulae in te rio res isod iam etricae , 1 5 X 1 5 -7 0 X 6 0  /tm . P a p illa e  
h y a lin ae  freq u e n te r  p raesen tes , o b ovatae , 4 0 X 8 —15 —  50 Х Ю —22 /im . Monoica. In flo rescen tia  
a rchegonialis ad  cau lem , opposita . C a ly p tra  o b o v a ta , ad  2.2 X 0.5 m m , cellulis ex te rn is asperis. 
Seta  4 cellu laris la ta  in  d iam etro . Y alvae capsu lae  700—780 fim  longae, dimidio 185-270 /tin  
crassae. Sporae  15-26 /tm  crassae. E la te ra e  250-420 fim  longae, dim idio 12.5-16.5 /tm  crassae . 
R am uli m asculi ad  1.2 m m  longi, m argine 1—5 cellu lares la ti ,  a n th e rid iis  usque ad  14 p a r ib u s  
suffu lti. Speciem  n o v am  in  honorem  Deisi R e y e s  M o n t o y a  d ed icav i.

T y p u s: C uba, p ro v . of H ab an a , S ierra  del R osario , Las T errazas, N E  del 
E stac ió n  F o re s ta l; coll. P ó cs and  R e y e s  no. 9042/B H  (НАС holo; E G R , 
V B I, B P , U).

T he above species is m ost closely re la ted  to  Riccardia sprucei (S tep h .) 
M eenks e t De Jo n g  (1985: 22), a species also know n from  Cuba. In  R . reyesiana  
th e  archegon ial b ran ch es are p resen t all along th e  ax is, while those b ran ch es  
in  R . sprucei only  are  to  be found on th e  u p p e r p a r t  of th e  axis. T he spores

1 P re sen t ad d ress : In s t i tu te  o f S y stem atic  B o tan y , H eid e lb erg laan  2, P o s tb u s  80.102, 
3508 TC U tre c h t, th e  N eth erlan d s .
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o f R . reyesiana  are re la tiv e ly  large, up  to  26 /um (m ax im um  of R . sprucei 
18 /иm ). N o tew orthy  is also th e  d o rso -la te ra l w ing of the  a n th e rid ia l b ranches 
w h ich  is 1-3 (5) cells w ide an d  som etim es c ren u la te ; th is  w ing in  R . sprucei 
n a rro w , only 1-2 cells w ide an d  never c ren u la te .

Illu s tra tio n s  on R . reyesiana  will he p u b lish ed  in th e  H ep â tica s  de Cuba 
(ed . R e y e s , under p rep a ra tio n ).
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d u rin g  th e  study . Also th e  help  of D r. B o r h i d i  in  correc ting  th e  L a tin  d iagnosis is k in d ly  
acc ep te d .
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NEW OR OTHERWISE INTERESTING SPECIES 
OF THE GENUS B R Y U M  (MUSCI, BRYACEAE) 

IN THE ANTARCTIC
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Bryurn urbanskyi B ro th , in  D ry g . an d  B . orbiculatifolium  C ard, e t B ro th , are 
rep o rted  for th e  f ir s t  tim e from  th e  A n ta rc tic  b o tan ical zone. D escrip tions and  illu s tra ­
tio n s  of A n ta rc tic  m ate ria l o f b o th  species a re  provided, to g e th e r w ith  b rie f  n o tes 
on th e ir  ecology, tax o n o m y  and d is tr ib u tio n . B . amblyodon C. M uell., p rev io u sly  kno w n  
on ly  from  th e  M elchior A rchipelago, n e a r  th e  A n ta rc tic  P en in su la , as B . inc lin a tu m  
(B rid .) B land, va r. magellanicum  C ard ., is rep o rte d  for the  f irs t tim e from  K ing  George 
Is lan d , Sou th  S h e tlan d  Islands. A desc rip tio n , illu stra tions an d  n o tes on ecology, 
tax o n o m y  and  d is tr ib u tio n  are g iv en  fo r th is  species, including a n  A n ta rc tic  d is tr ib u ­
tio n  m ap. B. im perfectum  Card, a n d  B . inclina tum  (B rid .) B land , v a r. magellanicum  
Card, are reduced  to  synonym y w ith  B . amblyodon  C. Muell.

In tro d u c tio n

T he genus B ry u m  is v ery  p ro m in e n t in  th e  moss flo ra  o f th e  A n ta rc tic  a n d  a b o u t 
fif te en  species have been  described or re p o rte d  fro m  th is area. O c h i  (1979) p rov ided  a c ritica l 
tax o n o m ic  review  of th is  genus in A n ta rc tic a  a n d  reduced  several species to  sy n o n y m y  w ith  
cosm opo litan  species such  as B ryum  pseudotriquetrum  (H edw .) G aertn ., M eyer e t  Scherb . an d  
B . argentum  Hedw. As in  o th er areas, B ry u m  is taxonom ica lly  one of th e  m o st d iff icu lt of all 
m oss genera , p a rticu la rly  because of th e  co m m o n  occurrence of sterile  p lan ts  and  th e  con­
siderab le  v a ria b ility  of th e  tax a .

T he severe c lim atic  conditions of th e  so u th e rn  po lar region are n o t fav o u rab le  fo r th e  
p ro d u c tio n  of B ryu m  sporophytes, a lth o u g h  som e species in o th e r genera  e.g. A ndreaea, 
D icranow eisia  and  Schistid ium , regu larly  p ro d u ce  fu lly  m atu re  capsules in  these  co n d itions 
( W e b b  1973). E v en  w hen  B ryu m  species do f ru i t  in  th e  A n ta rctic , th e  capsules a n d  spores 
o ften  rem a in  im m atu re . H ow ever, fu lly  m a tu re  sporophytes do occur in freq u e n tly  an d  are 
p a r tic u la r ly  likely to  be  found  on p lan ts  g row ing  in  m ic rohab ita ts w ith  fav o u rab le  te m p e ra ­
tu re  conditions.

A t p resen t, th e  so u th e rn  polar reg ions a re  being  v isited  m ore fre q u e n tly  b y  professional 
b ry o lo g is ts . This is re su ltin g  in  the  rap id  g ro w th  of know ledge ab o u t A n ta rc tic  b ry o lo g y  and  
th e  d iscovery  of species w hich have n o t  b e en  p rev iously  know n to g row  th ere . D u rin g  th e  
F o u r th  Polish  A n ta rc tic  E x p ed itio n  1979—1980 to  K ing George Is land , S o u th  S h e tlan d  Is lan d s, 
th e  senior a u th o r d iscovered  several species o f  m osses including a few  species o f B ry u m  w hich  
p ro v ed  to  be new  to  th e  A n ta rc tic  b o tan ic a l zone as defined by G r e e n e  (1964) an d  S m i t h  

(1984). T he f irs t  record  of B . dichotomum  H edw . in  A n tarctica  is re p o rte d  b y  th e  p re sen t 
a u th o rs  elsew here ( O c h i  and  O c h y r a  1986).

T he p re sen t p a p e r is a short a cc o u n t o f fu r th e r  new  records o f B ry u m  in  A n ta rc tic a . 
Tw o species, B . urbanskyi B ro th , in  D ryg . a n d  B . orbiculatifolium  Card, e t  B ro th ., are reco rd ed
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Fig. 1. B ryu m  urbanskyi B ro th , in  D ryg.: A -  h a b it;  В -  leaves; C -  ax illary  gem m ae; D 
m id-leaf an d  m a rg in a l cells; E  -  u p p e r cells w ith  m arg in ; F  — basal cells

Acta Sotanica Hungarica 32, 1986

//
.



B R Y U M  I N  T H E  A N T A R C T I C 211

fo r th e  f irs t  tim e from  w ith in  th e  A n ta rc tic  b o tan ic a l zone. B. amblyodon  C. M uell., an  o lder 
n am e  for B . inclina tum  (B rid .) B land, nom. illeg., is rep o rted  from  th e  S o u th  S hetland  Is lan d s  
fo r th e  f irs t  tim e, w hich  is th e  second record  of th is  species from  w ith in  th e  A n ta rc tic  b o ta n i­
cal zone.

1. B ryum  u rbansky i B ro th  in  D ry g ., D eu tsch . S ü d p o la r-E x p . 1901-1903 
8 (B o tan ik ): 89, ta b . 8, fig. 1. 1906 (F ig . 1)

T y p e: K erguelen  —  am  Schw arzen See (U rb an sk y ) (H -B r ! — holotype)

Syn.: B ryu m  anomobryoides Card, e t B ro th ., K . Svensk. V et. A k. H and l. 63 (10): 38, 
ta b . 2, fig . 13, 1923. T ypes: “ P a tag o n ia  occ.: A rch ip . A delaide, Isla A ta la y a , P u erto  C u aren ta  
Dias (557); F u eg ia: Lago F agnano , ad  saxa  r ip a r ia  i r ro ra ta ”  (L ecto type  n o v a : “ H erb . C ardo t. 
B ry u m  anom obryoides Card. sp. nova . P a tag o n ie : île A ta laya, rochers m aritim es. Leg. С. 
S k o t t s b e r g ,  1908”  — PC-Card !; Iso lec to ty p es: S !, H -B r !).

B ryu m  laetevirens Card, e t B ro th ., K . Svensk . Vet. Ak. H an d l. 63 (10): 41, ta b .  3, 
fig. 3, 1923. T ype: “ P a tag o n ia  occ.: Peel In le t ,  P u e rto  Tém panos, ad  ru p es lito reas (555) 
(H -B r ! — h o lo ty p e ; BM !, S-M öller !, PC -C ard  ! —  isotypes).

P la n ts  slender in  dense, green  to  yellow ish-green  above, b ro w n  to  b lack ish  below , 
s lig h tly  sh iny  tu f ts  m a tte d  w ith  b row n rad ic les, 1.0—2.5 cm high. S tem s e longate, u n b ran ch ed  
or sparsely  b ran ch ed , red , bearing  single, larg e , b row n , b road ly  oblong or ob long-obovate  
b ro o d  bodies w ith  3 -5 , ob tuse , w ell-developed leaf-like  po in ts in th e  u p p e r  lea f axils of s te rile  
shoots. L eaves im b rica te  w hen dry , s lig h tly  sp read in g  w hen m oist, 1.0—1.3 m m  long, 0 .6 -0 .8  
m m  b ro ad , red d ish  an d  narrow ed a t  th e  b ase , o v a te  w ith  an  ob tu se  o r acu m in ate  a p ex , 
occasionally  ±  ap icu la te , concave; m arg ins e n tire , p lane or sligh tly  recu rv ed  below , n o t 
b o rd ered ; costa  u su a lly  ending below  th e  a p ex  or ra re ly  percu rren t. L am in ai cells lax , th in -  
w alled ; u p p e r cells rhom boid-hexagonal to oblong hexagonal, ab o u t 13—15 /unl w ide, 30-40  fim. 
long ; low er cells su b q u a d ra te  to sh o rtly  re c ta n g u la r , in  regular row s fro m  th e  costa to  th e  
m arg in , 15-20 / ш  wide, 20-45 fin i long. Sterile.

Specim ens exam ined: A n ta rc tica , S o u th  S h e tla n d  Islands, K ing  George Is lan d , A d m i­
ra lty  B ay  reg ion  —  (1) E zcurra  In le t, D ufayel Is la n d : G dynia P o in t, 62°09/45" S, 58°33/ W , 
elev. 15 m ; in  m oist crevices of an d esite  rocks in  tu rfs  of D escham psia antarctica  D esv ., 
O c h y r a  1764/80 (K R A M -B , herb. H . O c h i ) ;  (2) R em biszew ski N u n a ta k s  be tw een  V iéville 
G lacier and  R y b a k  G lacier, 60°09'30" S, 58°18 ' W , elev. 200 m ; in  sw am py  s itu a tio n  on 
g rav elly  g round  a t  n o rth  foo t o f th e  h ig h est n u n a ta k , O c i i y r a  2773/80 (K R A M -B , herb . 
H . O c h i ) ;  (3) R ak u sa  P o in t be tw een  H a lfm o o n  Cove and Suszczewski Cove, 62°09/30" S, 
58°27'30" W , elev. 4 m ; in  slightly  m o is t s i tu a tio n  a t  foot of b a sa lt p lug  on soil am o n g s t 
boulders, O c h y r a  2397/80 (K R A M -B , h e rb . H . O c h i ; B ry o p h y ta  A n ta rc tic a  E x sicc a ta  
No. 193).

Ecology. All A n ta rc tic  specim ens of B . urbanskyi were collected  in  sim ilar ecological 
conditions. T he species seems to  p re fe r m o is t o r w e t h a b ita ts  and th e  b e s t developed p la n ts  
hav e  been  collected  on w et, bare  soil or g rav e l a long  m elt w ater channels or rills and  in  w et 
depressions an d  hollow s betw een boulders. T he ecological requ irem en ts  o f B . urbanskyi are 
v e ry  sim ilar to  those  show ed by  o th e r species o f th is  genus in th e  A n ta rc tic , especially  b y  v e ry  
w idespread  an d  v ariab le  species B. pseudotriquetrum  (H edw .) G aertn ., M eyer e t Scherb. T he 
d a ta  a b o u t th e  ecology of B . urbanskyi from  th e  o th e r  p a rts  of its  ran g e  are  v e ry  scan t an d  
m eagre, b u t  ju d g in g  from  in fo rm ation  availab le  fro m  labels on specim ens collected  in so u th e rn  
S o u th  A m erica an d  on  lies K erguelen , th e  h a b ita ts  f i t  ra th e r  well w ith  field  obse rv a tio n s 
m ade  in  th e  A n ta rc tic .

Txconom y and  geographical d is trib u tio n . B ry u m  urbanskyi was described  by  B r o t h e -  

r u s  (1906) fro m  m ate ria l collected from  lie s  K erguelen  during  the  G erm an  S o u th  P o lar E x p e d i­
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tio n  u n d e r th e  co m m an d  o£ E .  von D r y g a l s k i . T he species w as k n o w n  only from  th e  ty p e  
lo ca lity  u n til  O c h i  (1982), in  a taxonom ic rev is io n  of th e  su b fam ily  B ryoideae in  so u th e rn  
S o u th  A m erica, fo u n d  th a t  B ry u m  anomobryoides an d  B . laetevirens, tw o species described by  
C a r d o t  and  B r o t h e r u s  (1923) from  m ate ria l from  P a tag o n ia  an d  T ierra  del Fuego , w ere 
conspecific  w ith  B . u rbansky i. A t p resen t, th e  species is know n  fro m  several localities in  so u th ­
e rn  Chile, reach ing  a n o r th e r ly  la titu d e  of ca. 33°S, fro m  lies K erguelen , and  from  th e  A n ta rc tic . 
D ue to  im perfec t know ledge o f th e  tru e  g eo graph ica l range  i t  is v e ry  d ifficu lt to refer B . urban­
sky i to any  of c u rre n tly  recognized  flo ris tic  e lem en ts  in  th e  S o u th e rn  H em isphers. T he species 
p e n e tra te s  n o rth w a rd  b e y o n d  th e  V ald iv ian  reg io n  b u t  here i t  ap p ea rs  to  be re s tr ic te d  to 
h igher e levations. T h ere fo re , th e  best so lu tion  is to  consider B . urbanskyi to  be a su b a n ta rc tic  
species. Since i t  occurs o n ly  w ith in  the  S o u th  A m erican  and  In d ia n  O cean sectors of th e  sub- 
A n ta rc tic  it can be in c lu d ed  in the  a m p h ia tla n tic  su b a n ta rc tic  subelem en t ( E n g e l  1978, 
O c h y r a  and  V á n a  1987). A  sim ilar d is tr ib u tio n  p a tte rn  is show n b y  Hygrolem bidium  ventro- 
sum  (M itt.) Grolle am ong  h ep atics  ( O c h y r a  a n d  Y á n a  1987), a n d  b y  Schistidium  fa lca tu m  
(H ook . f. e t W ils.) B rem er am ong  mosses ( O c h y r a  an d  B e l l  1984).

The tax o n o m ic  p o s itio n  of B . urbanskyi w as discussed by  O c h i  (1972, 1982). Since all 
th e  m ate ria l o f th e  species is sterile  th e  tax o n o m ic  p osition  of B . urbansky i rem ains u n c e rta in . 
On one h an d  th is  species is s im ilar to B rachym en ium  exile (Doz. e t  M olk.) Bosch e t Sande L ac., 
ju d g in g  from  th e  h a b it  a n d  size o f p lan ts , sh ap e  an d  a reo la tio n  o f th e  leaves as well as th e  
ax illa ry  gem m ae. On th e  o th e r  han d , B . urbansky i m ay  be re la te d  to  a species o f B ryu m  
from  th e  subgenus A n o m o b ryu m  such as B . w erth ii (B ro th .) Ochi (île s Crozet, Sou th  A frica), 
B . harriottii R . B ro w n  te r . (N ew  Z ealand), B . p lica tu m  (C ard.) Ochi (M exico), and B . rotundi- 
fo liu m  Ochi (tro p ica l S o u th  A m erica) in w hich th e  lam in ai cells a re  n e ith e r linear nor linear- 
v e rm icu la r, b u t  b ro a d e r  a n d  sh o rte r, being rh o m b o id  or rhom boid -hexagonal in shape.

A lthough  B . u rb a n sky i is know n only in a sterile  s ta te  i t  can  be read ily  d istingu ished  
from  all o th e r b ry aceo u s m osses growing in  th e  A n ta rc tic  by  i ts  v e ry  th in-w alled , sh o rt, 
rhom boid -hexagonal lam in a i cells, th e  presence of b ro ad ly  oblong to  oblong obovate  ax illa ry  
gem m ae, and  b ro a d ly  o v a te , sho rtly  acu m in ate  or ob tuse , concave leaves. A n ta rc tic  p lan ts  
do n o t differ sig n ifican tly  fro m  South  A m erican  ones and  are especially  sim ilar to th e  h a b ita t  
fo rm  described b y  C a r d o t  a n d  B r o t h e r u s  (1923) as B ryu m  laetevirens. The only d ifference 
in  com parison  w ith  th e  ty p e  m ate ria l of B. urb a n sky i is in  th e  size o f p lan ts , the  type  m a te ria l 
being  generally  sm aller th a n  th e  A n tarctic  m a te ria l.

2. B ryum  o rb icu la tifo lium  C ard, e t B ro th ., K . S vensk . V et. Ak. H an d l.
63 (10): 42. 1923. (F ig . 2)

T y p e: “ P a tag o n ia  occ.: Peel In le t ,  ad te rra m  g lareosam , saepe ir r ig a ta m  prope glaciem  (540)”  
(L ec to ty p e  nova: “ E x p ed itio  suecica 1907—1909. 212. B ry u m  o rb icu la tifo lium  Card. sp. nova. 
P a tag . occid. Peel In le t ,  in  [illeg.] glaciem . 16. 6. 1908. Leg. C. S k o t t s b e r g ”  — S !; isolecto- 
ty p e  — PC-Card !).

Syn.: B ryu m  cym bifo lie llum  D ixon in  C h rist., Res. Norw . Sei. E x p . T ris tan  da  C unha 
1937-1938 48: 32, 1960. T y p es : “ T ris tan  d a  C unha: E m petrum  h e a th , above B urn tw ood , ca. 
1200 m , Nos. 784c, 785”  (L ec to ty p e  nova: “ H erb . H . N. D i x o n . R ef. No. 784c. B ryu m  cym bi­

fo lie llu m  D ix. sp. nov . E m p etru m  h ea th , above  B u rn tw o o d , c. 1200 m , T ris tan  da  C unha. 
Coll. C h r i s t o p h e r s e n  a n d  M e j l a n d ,  8  J a n .  1938. Comm. B ot. M us., Oslo — B M -D ix !; 
S y n ty p e : d itto , No. 785 —  B M -D ix!).

P lan ts  soft in  dense , lu stro u s tu fts  a b o u t 1 .0-2 .5  cm  high, l ig h t green above, b row n 
below , w ith  few  rh izo ids. S tem s filiform , pale-yellow ish  to  b row n, unbran ch ed  or sparse ly  
b ran ch ed . L eaves im b ric a te , closely and even ly  spaced  a lm ost all along the  stem , s lig h tly  
c o n to rted  in  th e  u p p e r  p a r t  o f  th e  stem  w hen d ry , su b o rb icu la r to  b ro a d ly  oblong, n a rrow ed
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F ig . 2. B ry u m  orbiculatifolium  Card, e t B ro th .:  A — h a b it ;  В -  leaves; C — lea f ap ex ; D — m id ­
leaf and m arg in a l cells; E  — b asa l cells
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a t  th e  base, n o t or scarsely  d ecu rren t, 1.0—1.3 m m  long, 0 .8 -1 .0  m m  wide, s tro n g ly  concave, 
o b tu se  and  ap icu la te , som etim es cu cu lla te ; m arg in s p lane  or som etim es sligh tly  recu rv ed  
below , en tire ; costa p e rc u rre n t or sh o rtly  e x c u rre n t; u p p e r  cells rhom boida l to  oblong-rhom - 
bo id a l, ra th e r  th in -w alled , 18—21 /пт w ide, 25-40 ^ m  long, longer and  narrow ed in  a  few  row s 
a t  th e  m arg in  fo rm ing  a n  in d is tin c t b o rd e r; low er cells su b q u a d ra te  to sh o rtly  re c tan g u la r , 
w id th  to  leng th  ra tio  a b o u t 1 : 1-3. Sterile.

Specim ens exam in ed : A n ta rc tica , S o u th  S h e tla n d  Is lan d s, K ing George Is la n d , F ildes 
P en in su la , L ake K itezh  a t  B ellingshausen  S ta tio n , 62°12 ' S, 58°58 ' W , elev. ca. 15 m ; on  wet 
g rav e lly  ground  on so u th e rn  side o f th e  lake assoc ia ted  w ith  Calliergon sarmentosum  (W ah lenb . 
K in d h . and  C am pyliadelphus polygam us  (B .S .G .) K a n d a , O c h y r a  2456/80 (K R A M -B , AAS, 
BM , H , herb. H. O c h i ) .

Ecology. B ryu m  orbiculatifolium  th riv e s  on  w e t b a re  g round , on gravel, on b a n k s  of 
lak es and  in places in u n d a te d  w ith  m elt w ater. I t  grow s w ith  mosses showing sim ilar h a b ita t  
req u irem en ts  such as Calliergon sarm entosum  (W ah len b .) K in d b ., Campyliadelphus po lygam us  
(B . S. G.) K an d a , Sa n io n ia  uncinata  (H edw .) L oeske, and  B ryu m  pseudotriquetrum  (H edw .) 
G a ertn ., M eyer e t Scherb . T hese h a b ita ts  genera lly  lack  closed v eg e ta tio n  and only sc a tte re d  
p a tc h es  o f mosses are fo u n d  am ongst pebbles. I t  ap p ea rs  th a t  th e  species grows in  sim ilar 
h a b ita t  conditions a t  th e  ty p e  loca lity  in  so u th e rn  Chile.

Taxonom y and  geographica l d istribu tion . B ryu m  orbiculatifolium  is read ily  d istin g u ish ed  
from  all o th er A n ta rc tic  species of B ryum  even  w hen  ste rile . T he species is ch a rac te rized  by  
its  s tro n g ly  concave, su b o rb icu la r leaves w hich are v e ry  ob tu se  or ro u n d ed , and finely  ap icu la te  
f req u e n tly , and som etim es cucu llate .

B ryu m  orbiculatifolium  ap p ears to be closely re la te d  to  B . cyclophyllum  (Schw aegr.) 
B. S. G., a w idespread c ircum polar species in  th e  N o rth e rn  H em isphere . O c h i  (1972) p o in ted  
o u t th e  differences b e tw een  these  tw o ta x a : В . orbicula tifo lium  grows norm ally  in  dense tu f ts , 
th e  p la n ts  are ra th e r  den se ly  fo lia ted  and  lu s tro u s , and  th e  leaves are sh o rtly  ap icu la te . 
B y  c o n tra s t, B. cyclophyllum  grows in  m uch  m ore lax  tu f ts ,  th e  p lan ts  are no t or on ly  scarce ly  
sh in y  and  d is tan tly  fo lia ted , and  leaves a re  ro u n d ed  w ith o u t an  apiculus.

P resen tly , B ryu m  orbiculatifolium  is k n ow n  on ly  fro m  tw o localities in th e  M agellan ian  
and  V ald iv ian  regions o f so u th e rn  Chile ex ten d in g  n o rth w a rd s  as fa r as lat. 48° S in P rov . 
A ysen  ( O c h i  1982). A d d itio n a lly , th e  species occurs a t  h ig h er e levations on T ris ta n  d a  C unha, 
w here i t  was described as B ryu m  cym bifoliellum  b y  D i x o n  (1960). H ow ever, O c h i  (1982) 
fo u n d  th a t  these tw o species were conspecific. T h u s, B . orbiculatifolium  can be in cluded  in 
th e  g roup  of a m p h ia tlan tic  tem p e ra te  species ( E n g e l  1978, O c h y r a  and  Y a n a  1984), w hich  
com prises species d is tr ib u te d  m ain ly  in  tem p e ra te  p a r ts  o f th e  so u th  A tlan tic , i.e. in te m p e ra te  
S o u th  A m erica, and S o u th  A frica and  occasionally  on  T r is ta n  da Cunha.

3.* B ryum  am blyodon C. M uell., L in n aea  42: 293. 1879. (Fig. 3)

T y p e: “ A rgentin ia  T ucu m an en sis , in  v ia  ab T afi pe r Q u eb rad a  de M onteros cum  B ryo micro- 
pendulo , 4 -6 . April 1872, leg. L o ren tz”  (Iso ty p e  —  N Y  !).

S y n .: B ryu m  inc lin a tu m  (B rid .) B land ., U ebers M ecklenb. Moss. 6. 1809, horn, illeg.; 
non B . inclinatum  (H edw .) D icks, ex W ith ., Syst. A rr. B rit. Pl. ed. 4, 3: 818. 1801 [ =  D isti- 
chium  inclinatum  (H edw .) B . S. G.].

B ryu m  stenotrichum  C. M uell.. F lora 70: 219. 1887.

* R ecen tly  Geissler (1984) found  th a t  B ryu m  in clina tum  (B rid .) B land, is id en tica l to 
B . im bricatum  (Schw aegr.) B .S.G . T hus, th e  la t te r  nam e seem s to  he th e  o ldest av ailab le  
n am e for th e  species w hich is called in th is p ap er B . amblyodon  C. Muell. See G e i s s l e r , P. 
(1984). N o tu lae  B ry oflo ris ticae  H elveticae. C andollea 39 (2): 641-646.
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Fig. 3. B ryu m  am blyodon  C. M uell.: A -  h a b it;  В -  leaves; C -  p o rtio n  o f peristom e an d  spores; 
D -  ex o thecia l cells; E  -  m id -leaf cells; F  -  u p p e r cells w ith  m arg in ; G -  basal cells
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B ryu m  inclinatum  (B rid .)  B land , va r. m agellanicum  Card., R ev . B ry o l. 27: 41. 1900. 
T y p e : D é tro it de M agellan: env irons de P u n ta  A rensa  [L ecto type (se lec ted  here): “ H erb . 
J .  C ard o t. Mousses du  vo y ag e  de la Belgica. No. 59. B ryu m  inclinatum  B r. eu r. v a r . magella­
n icu m  Card. var. nov. D é tro it  de M agellan: en v iro n s de P u n ta -A ren as. Leg. R a c o v i t z a , 9 
d écem b re  1897” , —  P C -C ard !; iso lec to type  —  P C -C ard !; syn types: d i tto  No. 62c, 63, 64 — 
P C -C ard  !], syn. nova.

B ryu m  imperfectum  C ard ., R ev. B ryol. 27: 44. 1900. T ype: “ X X me d éb arq u em en t” 
[ la te r , C ardo t (1901) w ro te : “ D é tro it  de G erlache: X X eme d é b arq u em en t, T erre  de D anco, 
à l’en tré e  du  chenal de L em aire , su r des roches isolées au  m ilieu d ’u n  g lac ier, à  50 m etres  au 
dessus du  n iveau de la m er. ( №  268b; 12 fév rie r 1898)] (H olotype —  B R  !), syn . nova.

P la n ts  in dense, yellow -green , lu stro u s tu f ts ,  scarcely rad icu lose  below , 1 .0-1 .5  cm 
h ig h . S tem s repea ted ly  b ra n c h e d  b y  in n o v atio n s. L eaves appressed to  e re c t w hen  d ry , erecto- 
p a te n t  w hen m oist, la rg e r a n d  crow ded in com al tu f ts  a t  the  stem  tip s , s tra ig h t , 1 .5-3 .5  m m  
lo n g , 0 .8-1 .2  m m  wide, re d d ish  a t  base, o v a te  to  lanceo la te  to  o b long-lanceo late , acum inate  
to  lo n g ly  acum inate; m arg ins d is tin c tly  b o rdered  w ith  e longate and n a rro w  cells an d  recu rved ; 
c o s ta  s to u t, reddish  to  re d d ish -b ro w n  a t th e  b ase , yellow ish above, long  ex cu rre n t; u p p e r 
cells oblong-hexagonal, 10—15 pm. w ide, 40-60  p m  long , firm -w alled beco m in g  na rro w er and 
lo n g e r  a t  th e  m argins an d  fo rm in g  a d is tin c t u n is tra to se  border.

Synoicous. Setae (0 .8 )10-30  m m  long, b ro w n ish ; capsules cernuous o r pendulous, pale 
b ro w n , e longate-ovate  or n a rro w ly  ellipsoid, sy m m etrica l, s tra ig h t, 2 .5 -3 .0  m m  long, neck 
w ell developed , ab ru p tly  n a rro w ed  in to  se ta ; o p ercu lu m  convex, a p icu la te ; ex o thecia l cells a t  
th e  m o u th  sm all, horizon tally  re c tan g u la r , below  re c tan g u la r ; outer p e ris to m e  te e th  pale yellow 
a n d  o n ly  a t  the  base s lig h tly  orange-yellow  w ith  n a rrow  hyaline b o rd e r, fin e ly  papillose 
p ro cesses w ith  narrow ly g ap in g  p e rfo ra tions , m ore stro n g ly  papillose, cilia  ru d im e n ta ry  or 
la c k in g ; spores 18-26 p m ,  f in e ly  an d  densely papillose.

Specim ens exam ined : A n ta rc tic a  — (1) S o u th  Shetland  Islands, K in g  George Is lan d , 
A d m ira l ty  B ay region, E z c u rra  In le t, m o u n ta in  ridge called C ytadela  b e tw een  M onsim et 
Cove a n d  Zalewski G lacier, 62°11 / S, 58°35/ W , elev. 50 m ; on bare e a r th  in  m oist s itu a tio n  
on  scree  slope w ith  n o rth e rly  a sp e c t, O c h y r a  967/80 (K R A M -B , AAS, h e rb . H . O c h i ) ;  (2) A n t­
a rc t ic  Pen insu la  region, M elchior A rchipelago, L y s ted  Island, Sipple 335.1 (F H -B a rtr) ;  
(3) A n ta rc tic  Peninsula, D anco  Coast, L em aire Is la n d , 64°50' S, 62°48 ' W , elev. 50 m , on 
n u n a ta k s  R a c o v i t z a  268b (B R -ty p e  of B ryu m  im perfectum ); (4) A n ta rc tic  P en in su la  region, 
S h o r t  C ut Island near P a lm er S ta tio n , A nvers Is la n d , 64°03 ' W, 64°47' S, g row ing on p a tc h  of 
m o ssy  p e a t  on rocks, G. T. P r a n c e  28595 (K R A M -B , NY).

Ecology. In  th e  A n ta rc tic  B ryu m  amblyodon  grows on bare e a r th  in  sligh tly  m oist 
s i tu a t io n s  on scree slopes. T h is  h a b ita t  agrees w ell w ith  the  descrip tions a n d  field  o b se rv a­
tio n s  fro m  o th er localities in  w h ich  th is  species occurs.

Taxonom y and geog rap h ica l d istribu tion . B ry u m  amblyodon C. M uell. ap p ears to  be 
th e  o ld es t available nam e fo r a m oss w hich is com m only  know n as B ry u m  inc lin a tu m  (B rid .) 
B lan d . T he la tte r  nam e, h o w ev er, is an  illeg itim a te  hom onym  of B ryu m  in clin a tu m  (H edw .) 
D icks, ex  W ith . O c h i  (1980) p o in ted  o u t th a t  B . amblyodon  described fro m  A rg en tin a  by  
M ü l l e r  (1879), agrees in  a ll resp ec ts  w ith  th e  H o la rc tic  populations a n d  th a t  th is  nam e 
a n te d a te s  B. stenotrichum  C. M uell., a nam e used  recen tly  by  vario u s , m o stly  A m erican , 
a u th o rs  (e.g. C r u m  and  A n d e r s o n  1981) since A n d r e w s  (1940) h ad  fo u n d  th a t  th e  la t te r  
n a m e  is synonym ous w ith  B . in clin a tu m  (B id.) B land .

S o u th  A m erican p o p u la tio n s  and  A n ta rc tic  ones of th is species a re  u su a lly  re fe rred  to 
as B ry u m  inclinatum  (B rid .) B lan d , va r. m agellanicum  C ard., a v a rie ty  desc rib ed  b y  C a r d o t  

(1900, 1901) from  m ateria l co llected  in T ierra  del Fuego. The only c h a ra c te rs  d istingu ish ing  
th is  v a r ie ty  from  the ty p e  of B ry u m  inclinatum  are th e  p a le r peristom e te e th  a n d  less num erous 
lam e llae  (10-15 instead  of 15-20). T he ch arac te rs  o f th e  v a rie ty  are ty p ic a l o f th e  A n ta rc tic
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F ig . 4. T he know n d is tr ib u tio n  of B ryu m  amblyodon  C. M uell. w ith in  th e  A n ta rc tic  b o tan ica l
zone
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p la n ts  an d  B a r t r a m  (1957) re p o rte d  th is  species from  th e  A n ta rc tic  as B . inclina tum  var. 
m agellanicum . H ow ever, th e  c h a ra c te rs  o f th e  v a r ie ty  fall well w ith in  th e  ran g e  of v a riab ility  
o f  th e  species and , in consequence, th is  v a r ie ty  does no t m erit recogn ition  as a d is tin c t taxon  
a n d  sh o u ld  be placed in  sy n o n y m y  w ith  B . amblyodon.

O n th e  basis of m a te ria l co llected  by  E .  R a c o v i t z a  during  th e  course o f th e  “ B elgica”  
E x p e d itio n  C a r d o t  (1900, 1901) described fro m  th e  w est coast o f th e  A n ta rc tic  Peninsula  
B ry u m  imperfectum , a species closely re la te d  to  B . inclinatum  va r. m agellanicum . A ccording 
to  C a r d o t  i t  differs from  th e  la t te r  v a r ie ty  b y  its  sh o rte r setae, sh o rte r  an d  b ro a d e r leaves, 
b ro a d e r  hyaline border of exostom e te e th  an d  im perfec tly  developed processes. T y p e  m ate ria l 
o f B . imperfectum , how ever, coincides in  all e ssen tia l po in ts w ith  B . amblyodon  a n d  in  con­
sequence th is  species is red u ced  to sy n o n y m y  w ith  th e  la tte r . The critica l c h a ra c te rs  of B. 
im perfectum  fall excellently  in  a b ro ad  range  of v a r ia b ili ty  of these c h arac te rs  in  B . amblyodon, 
a n d  in  fu lly  m atu re  capsules w ell developed  processes w ith  narrow ly  gap ing  p e rfo ra tio n s and 
ru d im e n ta ry  or none cilia m ay  also be observed . H ow ever, some capsules in  th e  ty p e  m ateria l 
o f  jB . im perfectum  are n o t fu lly  m a tu re  and  these  rea lly  have im perfec tly  developed  processes. 
S u ch  underdeveloped  capsules are  also o bserved  in  o th er species of B ryu m  in  A n ta rc tic a  and 
th is  confirm s ra th e r well k n o w n  fa c t th a t  p o lar a reas are too cold for p rod u c in g  fu lly  m atu re  
capsu les in  th e  species of th is  genus.

W hen fully m atu re , B . amblyodon  is re ad ily  d istinguished from  o th e r  species o f th is 
genus b y  th e  following co m b in a tio n  of sp o ro p h y te  and g am eto p h y te  c h a ra c te rs : p lan ts 
syno icous, cilia ru d im e n ta ry  or none, sm all spores, usually  (17)20-30(35) //m , w ell-developed 
b o rd e r  an d  strong, long e x cu rre n t costa. I t  c an  be m is tak en  for B . algovicum  S en d tn . ex C. 
M uell. as b o th  species are synoicous. H ow ever, th e  la t te r  has o u ter p eris tom e te e th  w ith  ob­
v ious v e rtica l and oblique lines jo in ing  tra n sv e rse  a rticu la tio n s w hich are lack in g  or very  
o b scure  in  B. amblyodon.

B ry u m  amblyodon is a b ip o la r species w ith  a few a ltim o n tan e  s ta tio n s  in  th e  B oliv ian  
A ndes. I t  is w idely d is tr ib u te d  in th e  N o rth e rn  H em isphere  ex tend ing  so u th w ard s  to  Morocco 
a n d  A lgeria  in N o rth  A frica, C en tra l A sia, a n d  C alifornia. I t  seems to  be q u ite  w idespread  in 
te m p e ra te  Sou th  A m erica inc lu d in g  P a tag o n ia , T ie rra  del Fuego an d  th e  F a lk la n d  Islands. 
B a r t r a m  (1957) rep o rted  th is  species from  the  M elchior A rchipelago on th e  w est co as t of the  
A n ta rc tic  Peninsula reach ing  its  so u th e rn m o st lo ca lity  on L agoterrie rie  Is la n d  on la t. 67°53' 
(F ig . 4), in the  n o rth e rn  p a r t  o f M arguerite  B ay . A p a rt from  th e  S o u th  A m erican  sector of 
th e  S o u th e rn  H em isphere, B . amblyodon  is k n o w n  from  lies K erguelen  w here it was reported  
as B ry u m  gemmaceolum  C. M uell. ( B r o t h e r u s  1906, O c h i  1972).

A C K N O W L E D G E M E N T S

W e wish to th a n k  th e  D irecto rs an d  K eepers of th e  follow ing h e rb a ria  fo r k ind ly  
a llow ing  us to borrow  specim ens du ring  th e  course  o f th is w ork: B ritish  M useum  (N a t. H ist.), 
L o n d o n  (BM ); B otanical M useum , H elsink i (H ); N a tu rh is to risk a  R ik sm u seet, S tockholm  
(S -P A ); Farlow  H erb ariu m , C am bridge (F H ); J a rd in  B otan ique N a tio n a l de B elg ique, Meise 
(B R ); M useum  N ational d ’H isto ire  N a tu re lle , P a ris  (PC); The New Y o rk  B o tan ic a l G arden 
(N Y ). W e are also g rea tly  in d eb te d  to  D r. P h ilip  J .  L i g h t o w l e r s  for c ritica l read in g  the  
m a n u sc r ip t and the  im p ro v em en t o f th e  E n g lish  te x t. Cordial th an k s  are due to  Miss H alina  
B e d n a r e k  for p reparing  th e  illu stra tio n s.
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TWO NEW SPECIES OF THE GENUS 
I S I D O R E A  A. RICH. (RUBIACEAE)

FROM HISPANIOLA

A n e t t e  A i e l l o  and A .  B o r h i d i 1

RESEARCH STATION OF TROPICAL BIOLOGY OF THE SMITHSONIAN INSTITUTION, PANAMA 
1 INSTITUTE OF ECOLOGY AND BOTANY, HUNGARIAN ACADEMY OF SCIENCES,

VÁCRÁTÓT, HUNGARY

(R ece iv ed : 10 M arch 1982)

T w o new  species of th e  g enus Isidorea  A. R ich , were found in th e  rich  co llection  
of E ric  L eo n a rd  E k m a n . One of th e m  w as discovered  and recognized b y  him  im m ed ia te ly  
in th e  fie ld  an d  nam ed in th e  schedu le  as I .  veris E k m an . I t  is re la ted  to I .  pun g en s  
(L am .) R o b ins, and lives in th e  C ord illera  C entra l o f San to  Dom ingo. T he o th e r  species 
is an  endem ic to  Gonave Is lan d  a n d  nam ed  by  th e  au th o rs  as I .  gonavensis , a v e ry  
n a rrow  leav ed  tax o n  near to I .  leonardi U rb . Isidorea  (R ubiaceae) is a re m a rk ab le  
endem ic genus of Cuba and H isp an io la  w ith  n o t less th a n  20 endem ic species.

Introduction

The a u th o rs  w orked synch ro n ica lly  on  th e  tax o n o m y  of th e  genus Isidorea  d u rin g  th e  
la te  sev en tie th . A  m ore precise c h a ra c te riz a tio n  of th e  genus and  its d e lim ita tio n  from  Port- 
landia  and  o th e r  re la te d  genera were e la b o ra te d  by  A i e l l o  (1979), w ith  new com b in a tio n s for 
som e C uban ta x a  o f Portlandia. A t th e  sam e tim e  som e new  species of Portlandia  w ere d e ­
scribed (1977) a n d  la te r  transferred  to  Isidorea  (1980) by  B o r h i d i , w ith  th e  co llab o ra tio n  
of M .  M o n c a d a . T he au tho rs agreed in  p u b lish ing  jo in tly  th e ir  fu rth e r re su lts  co n cern in g  
th e  tax o n o m y  of th e  genus Isidorea.

Isidorea gonavensis Aiello et B o rh id i sp. nova

R am i 4 -angu lares , glabri in te rn o d iis  0 .5 -2 .0  cm longis ad  ram ulos brevissim is vel sub- 
nullis. S tipu lae  in te rp e tio la res  4-10 m m  longae, basi la te  trian g u lares  e t a b ru p te  in  sp inas 
p u n g en tes  5 -7  m m  longas excurrentes. F o lia  o p p osita  subsessilia  vel usque ad  2 m m  longe 
p e tio la ta , lan ceo la to -linearia , sub m edio la tiss im a , inferne b re v ite r  a n g u s ta ta , apice in  sp in am  
1.5-2.5 m m  lo n g am  co n trac ta , 1.5-2.5 cm  longa, 2 -4  m m  la ta , nervo m edio supra  im presso , 
la te ra lib u s  su p ra  obso le tis subtus nullis, c rasse  e t  rig ide  coriacea, sup ra  n itid a  e t pilis b rev issi­
m is basi callosis scabroso-h irtu la  su b tu s o p a c a  e t pap illo so -scab ridu la  m argine va lde  re v o lu ta . 
Pedicelli ax illares, basi bracteis e basi tr ia n g u lä re  p u n g en ti-su b u la tis  3 m m  longis obsiti 
0 -1  m m  longi, b rev issim e puberuli. C alycis tu b u s  o b o v a tu s  la te ra lite r  com pressus, b rev issim e 
pilosulus, lobi 5, lan ceo la to -acu ti, sp in o so -m u cro n ati, dorso u n in e rv i 5 -6  m m  longi, 0 .6 -1  m m  
la ti. Corolla a lb id a , g lab ra  13-17 m m  lo n g a , tu b u s  su p ra  b asin  2—2.5 m m  crassus deinde va lde  
a m p lia tu s , an g u la tu s , lobi 3-4 m m  longi e t 5 m m  la ti, la te  trian g u lares  vei sem iorb icu lares , 
tu b o  3-4-plo b rev io res, apice obtuse a p ic u la ti. S ty lus 12 m m  longus. F ilam en ta  basi tu b i 
a d n a ta  5 m m  longa. A ntherae  lineares ap ice  acu tae , 3 -3 .5  m m  longae, m edio tu b i in se rtae .
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F ig . 1. Type specim en  o f  lsidorea gonavensis Aiello e t B orhidi ( E k m a n  H 8664 in S)

C apsu la  o b o vata , locu lic id a , la te ra lite r lev ite r com pressa , 6-7  m m  longa e t 5 -6  m m  la ta , 
4 m m  crassa, sem ina 6 -8  in  quoque loculo.

H o lo typus: lie  L a  G o n av e, P te. á P a q u e tte s , M orne F o rt-F ie l det. e t leg.: E .  L. E k m a n  

H  8664. 24. 7. 1927. S !

lsidorea veris E k m an  ex  Aiello et B orh id i sp. nova

R am i tere tes , b rev issim e  pilosuli, dem u m  glab ri. S tipu lae  in te rp etio la res oblongo- 
tr ia n g u la re s , sensim  a t t e n u a t i ,  acu ti, 3-5 m m  long i g labri. Folia  oblongo-elliptica, lan ceo la ta  
vel o b lan ceo la ta , le v ite r  a sy m m etrica , basi c u n e a ta , apice in  m ucronem  p u n g en tem  1.5—2.5 
lo n g am  co n trac ta , 1 .5 -4  cm  longa  e t 6-20 m m  la ta , nervo  m edio u trin q u e  p ro m inen ti la te ra lib u s 
8—14 sub  angulo 20—30° a b eu n tib u s  u trin q u e  p ro in in e n tib u s  e t supra  p ro m in en ter re ticu la tis , 
su p ra  lucida  su b tu s o p a c io ra , u trin q u e  ca llo so -p u n ctu la ta , m argine recu rv a , coriacea. Flores 2 
ax illa res , pedicelli 5 -9  m m  long i, glabri. Calycis tu b u s  o b o v a tu s , 2 m m  longus, g laber, lobi 5, 
linear-ob longi, a tte n u a ti ,  a c u ti ,  apice cu rv ati, 9 m m  longi, g labri, 3 -nervati e t ca llo so -puncta ti. 
Corolla ru b ra , vel p a llid e  ru b ra ,  18-24 m m  lo n g a , e basi an g u sta  a b ru p te  am p lia ta  deinde
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Fig. 2. T ype specim en  of Isidorea veris E k m a n  ex Aiello an d  B orh id i (E kman  H  15431 in S)

sensiin  la tiu scu la , tu b u s  14-20 m m  longus; lobi 5, la te  tr ian g u la re s , acu ti, ap icu la ti 4—6 m m  
longi. S tam in a  5, in  m edio tu b i corollae in se r ta ;  filam en ta  basi tu b i a d n a ta  5—7 m m  longa, 
a n th e rae  linea ri-lan ceo la tae  4-5 m m  longae. C apsula o b o v a ta , 1 cm  longa e t la ta , 5 -carin a ta . 
Sem ina cc. 8 in  quo q u e  loculo.

H o lo ty p u s: E k m a n  15431. H ispan io la , San to  D om ingo, Cordillera C entra l, P ro v . de 
S am an á , Los H aitises , B oca del In fierno , lim estone  crags 25. 6. 1930. S!

Spec, exam in . E kman  15069 P en in su la  de Sam aná, p rov . de Sam ana Cábo C abrón 
ro u g h  lim estone n e a r Pescado del C ariste. 22. 5. 1930. S!

I. gonavensis is re la te d  to  I .  leonardi U rb . w hich lives in  th e  South-w est P en in su la  of 
H a iti  n e a r  P o r t  a u  P a ix . I .  leonardi d iffers from  our species in  h av in g  slender stem , g labrous 
leaves an d  calyx , sh o rte r  linear b rac ts  and  4 seeds in each cells.

Isidorea veris E k m a n  ex Aiello and  B orh id i is confined w ith  I. pungens (L am .) R obins, 
an d  I .  pedicellaris U rb . e t E km . I .  pungens  can  be d istingu ished  by its  n arrow er lan ceo la te  
leaves, v e ry  sh o rt a n d  w ide corolla lobes. I .  pedicellaris U rb . e t E km . has sim ilar leaves to 
those  of I .  veris b u t  i t  d iffers clearly by  h av in g  long pedicels and  flowers up  to  4 cm  long.

Isidorea  is re m a rk ab le  genus from  p la n t  geographical p o in t of view , w hich  m an ifests 
th e  close flo ris tic  re la tio n s  betw een E as t-C u b a  and  H ispan io la . (See B orhidi 1985: 33.) The
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g en u s is  rep resen ted  n o t  less th a n  20 endem ic species, m o stly  of very  sm all-sized  areas. The 
gen u s m u s t have developed  d u rin g  a  long d ry  period  of th e  M iddle of T e rtia ry , since all species 
o f  th e  genus have a  w ell-defined  xerom orph ic  c h a ra c te r  an d  leave on  c lim atica lly  o r /an d  
e d ap h ica lly  d ry  h a b ita ts .
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HISTOLOGICAL CHARACTERISTICS 
OF C Y T I S U S  C O M M U T A T U S  (WILLK.) BRIQ.

E .  G o n z a l e z  and C. A l v a r e z

DEPARTMENT OF BOTANY, FACULTY OF PHARMACY,
UNIVERSITY OF SANTIAGO DE COMPOSTELA, SPAIN

(R eceived: 12 N ovem ber 1985)

This a rticle  describes th e  h isto lo g y  of th e  stem , ro o t a n d  leaves of Cytisus com- 
m utatus  (W illk.) B riq . T he a rra n g e m e n t and  n a tu re  of th e  c e n tra l  cy linder and  fu n d a ­
m en ta l tissue is re p o rte d , to g e th e r w ith  th e  ch aracte ris tics o f th e  epiderm is an d  th e  
presence of a b u nd le  sh e a th  a ro u n d  th e  leaf bundles.

Introduction

C ytisus commutatus, a species of th e  L egum inosae endem ic in  th e  n o rth e rn  Ib e ria n  
p en insu la , has had  an  ex trem e ly  even tfu l tax o n o m ic  h istory. F irs t  described  by  W illkomm  
(1881) as Sarotham nus com m utatus, B l a k elo c k  (1953), calls it C ytisus ingram ii and  Merin o  
(1905) Sarotham nus purgans. ViciOSO (1955) considered  it to be an  in te rg en eric  hybrid  be tw een  
C ytisus m ultiflorus  (L ’H èr.) Sw eet, and Sarotham nus commutatus W illk . L aÍnz R ibalaygua  
and  L aÍnz (1958) d en o ted  i t  to C ytisus com m utatus (W illk.) B riq . subsp . merinoi L ainz  
R iba la yg u a  and  L a inz . B ello t  (1966) t r e a ts  Cytisus commutatus a n d  Cytisus ingram ii as 
synonym s for one and th e  sam e species a n d  uses the  two nam es in d iscrim in a te ly . Sanudo  
(1973) fo u n d  the  chrom osom e n u m b er of C ytisus ingram ii collected in  X u ances (Lugo) to  be 
2n =  96 and  th a t  o f C ytisus commutatus fro m  M anaria  (Vizcaya) to  be 2n =  92, 96. H o rja le s  
(1978) likew ise assum es on ly  a single ta x o n  to  be involved, w hich he re fers to  as Cytisus com­
m utatus  (W illk .) Briq.

T he d is tr ib u tio n  of th e  p la n t in  G alicia  (Spain) has been s tu d ie d  by  Alvarez  and  
H o r ja l e s  (1977). On th e  n o r th  coast i t  is fo u n d  from  P u en tedeum e (L a  C oruna) to  V iveiro 
(Lugo), an d  in land  its  n a tu ra l  hom e seems to  be th e  basin  of th e  R iv e r  E u m e, w ith  G uitiriz  
(Lugo) as its  so u th e rn m o st lo ca tio n  and  th e  Serra do X istra l (L ugo) lim itin g  its  ex tension  
to  th e  e as t (Fig. 1). These are  areas of u ltra b a s ic  rock (P arga P o n d a l  1966) whose ty p ica l 
oceanic tem p e ra te  c lim ate  involves a n n u a l ra in fa ll of 500-700 m m  on  th e  coast an d  up  to  
1250 m m  a t  he igh ts above 600 m . A c tu al ra in fa ll is nevertheless n o t  th e  only fac to r to  be 
considered , since i t  is com m on for re la tiv e  h u m id ity  to reach  98 or even  100% on days 
p e rs is ten t fog (D íaz-F ier r o s  1971).

T he p resen t a rtic le  describes the  h is to lo g y  of the  stem , ro o t an d  leaves of C ytisus 
commutatus.
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Fig. 1. D is tr ib u tio n  o f C ytisus com m utatus (W illk .) B riq. in  G alícia  (N . W . Spain)

Material and methods

Cytisus com m utatus  (W illk .) B riq . w as collected  in  X estoso  (L a  C oruna) in Ju n e , w hen 
th e  p la n t is in full flow er. R oo ts , stem s and  leaves were fixed in F .A .A . (fo rm alin -ace tic - 
a lcoho l) ( J ohansen  1940) em bedded  in p a ra ff in  w ax and sta in ed  w ith  safran ine fa st green 
( J e n s e n  1962) and  sa fran in e  h em a to x y lin  ( P u j i u l a  1931).

Results
S t  em  anatom y

The stem  of C ytisus com m utatus has th e  s tru c tu re  of a ty p ic a l d ico ty led o n  (Metcalfe  
a n d  Chalk  1950, E sau  1972, F a h n  1978). T he epiderm is consists o f  a single layer of iso- 
d ia m e tr ic  cells w ith  a cu tin ized  m em brane . U nicellu la r cellulose-w alled trichom es are com-
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m on. T he cortical c y lin d e r  is com posed o f chlorophyllous p a ren ch y m a  as tissue fu n d a m e n ta l 
an d  an g u la r co llenchym a as tissue of su p p o r t ,  form ing a co n tin u o u s cy linder o f v a rio u s layers 
o f liv ing  cells w ith  cellu lose walls th ic k e n ed  m ainly  a t  th e  angles. T he p rim ary -w alled  p a re n ­
c h y m a  cells are large  a n d  m ore or less p o ly h ed ra l. These tissu es c a rry  o u t th e  essen tia l vege­
ta t iv e  functions re q u ir in g  living p ro to p la sm . T he inm ost lay e r o f th e  co rtex  is a n  endoderm is 
su rro u n d in g  the c e n tra l  cy linder. I t  is e a s ily  d istingu ished  in  tran sv erse  sections (F ig . 2) and  
is fo rm ed by  a co m p ac t lay e r of p a re n c h y m a  cells w ith  su b d u ed  C asparian  bands.

T he cen tral c y lin d e r corresponded  o f  ectoph loem atic  siphonoste le  b o u n d ed  by  va rio u s 
la y e r  o f clearly d iffe re n tia te d  lignified cells fo rm ing  a con tin u o u s r in g  of sc lerenchym a se p a ra t­
in g  th e  co rtex  fro m  th e  cen tra l reg ion . T h e  vascu lar b u n d les  a re  a rran g ed  in  con tinuous 
con cen tric  cylinders a ro u n d  the  p ith , w i th  th e  phloem  e x te rn a l to  th e  xy lem . T he vessels are 
o f large  bore and are  accom panied  b y  f ib re s  and  p a ren ch y m a  e lem en ts (F ig . 3). Sp ira l or 
a n n u la r  th icken ings a re  clearly  recogn izab le  in  lo n g itu d in a l sections. T he p a ren ch y m a to u s

F ig . 2. Section of s te m  show ing th e  en d o d erm is  and sc lerenchym a fib res ; b a r scale 10 fxm

Fig. 3. Transversal section of xylem, showing vessels surrounded by fibres and parenchymatöse
cells; bar scale: 10 fim
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Fig. 4. T ra n sv e rse  section  of young  stem ; b a r scale: 50 /urn

F ig . 5. S tru c tu re  of the  s te m , show ing h ighly  cu tin ized  ep iderm al cells, s to m a ta  and  col-
lenchym a; b a r scale: 50 /um

cells o f  th e  phloem, like th o se  o f th e  m edullary  ray s , have  un lignified  p rim a ry  walls. The 
p i th , su rrounded  by the  v a sc u la r  bund les , is m ore or less cy lind rica l an d  m ade up  of roughly 
u n ifo rm  parenchym a cells, w ith  a c e rta in  n u m b er of fib res  app earin g  in th e  p e rip h e ra l region.

T he stem  of Cytisus com m ula tus  exh ib its  p ron o u n ced  ribs and s to m as (F ig . 4), espe­
c ia lly  w hen  young. In  these  co rd s th e  collenchym a is p a r ticu la r ly  well developed , and  each 
c o n ta in s  a group of sc le ren ch y m a cells form ing a trian g le  p o in tin g  inw ards (F ig . 5).

R o o t an a to m y

T he organization of th e  ro o t is sim ilar to  th a t  o f th e  stem  as reg ard s secondary  xylem  
a n d  ph loem . Suberin is d e p o s ite d  on th e  cellulose m em b ran e  of a lay e r o f su b ep id erm al cells, 
w ith in  w hich colourless c o r tic a l p a ren ch y m a is se p a ra ted  from  th e  c en tra l cy lin d er by  an 
en d o d erm is which is m ore m a rk e d  th a n  in  the  s tem . Im m ed ia te ly  w ith in  th e  endoderm is 
th e re  is a m ultilayer pericycle  fro m  w hich la te ra l ro o ts  o rig inate.
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F ig . 6. E piderm is of th e  underside  o f a lea f, show ing nu m ero u s trich o m es ; b a r  scale: 50 /пт

L e a f  anatom y

T he leaf of C ylisus commulatus h a s  a d o rsiven tra l s tru c tu re . T he single epiderm al lay e r 
com prises various k in d s  o f  ep ideim al cells including s to m atic  g u a rd  cells w ith  3 or 4 sub ­
s id ia ry  cells and n o n -g lan d u la r  un ise ria l h a irs  consisting  of a sh o rt b asa l cell and a long, 
p o in te d  term inal cell (F ig . 6), th o u g h  th e se  ha irs , a b u n d a n t on  th e  low er surface of th e  leaf, 
are  ab sen t from  th e  u p p e r  surface. E x c e p t  for th e  in te rce llu la r spaces betw een  the  guard  
cells of the  s tom ata , th e  epiderm is is a v e ry  com pact tissue.

The palisade m eso p h y ll is d iffe ren t o f th e  spongy m esophyll, th e  cells of th e  form er 
be ing  long and a rra n g e d  in  various la y e rs  to  form  th e  p rincip le  specialized  ph o to sy n th e tic  
tissue . The spongy m eso p h y ll con ta ins la rg e  in te rce llu la r spaces fa c ilita tin g  gaseous exchange 
b e tw een  the  p h o to sy n th e tic  tissue an d  th e  ex terio r. In  size, shape  an d  arran g em en t, th e  
spongy  m esophyll cells a re  v e ry  like th o se  of th e  inm ost lay e r o f pa lisad e  cells.

The leaves e x h ib it  co llateral b u n d le s  o f various sizes, an d  b u n d le  sh ea th  of th ick- 
w alled  lignified cells.
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ANATOMÍA DE MADERAS DE CUBA, I

M . A .  V a l e s  y  R a q u e l  Ca r r e r a s 1

I N S T I T U T O  D E  B O T Á N I C A , A C A D E M IA  D E  C I E N C I A S  D E  C U B A ,

C I U D A D  H A B A N A  C A L Z A D A  D E  C E R R O  1 2 5 7 , C U B A  

1 C E N T R O  D E  I N V E S T I G A T I Ó N  F O R E S T A L  D E  M I N I S T E R I O  D E  A G R I C U L T U R A

(R ecib id o : 25 M ayo 1983)

The m o st im p o rta n t a n a to m ic a l fea tu res  of th e  w ood of 10 ta x a  belonging  to 
d ifferen t fam ilies o f the  Cuban f lo ra  w ere described in  th is  p aper.

Introducción

C ono es sab ido  el conccim iento de  la  e s tru c tu ra  in te rn a  del x ilem a secundario  nos 
p e rm ite  establecer a lg u n as caracte rís ticas que ay u d an  a la de te rm in ac ió n  de las especies, así 
com o a su posible u tiliz a tio n , y  de e s ta  fo rm a  coadyuvan  a in c re m e n ta r  la re fo restación  de 
n u estro s  bosques, de ta l  form a que se p u e d a n  ir  reduciendo p a u la tin a m e n te  las im portaciones 
y  en  algunos casos h a s ta  suprim irlas.

L as carac te rís ticas  de los e lem en to s que co n stitu y en  el te jid o  x ilem ático  e s tán  re la ­
c io nadas d irec tam en te  con las p ro p ied ad es de las m aderas. L e c l e r c q  (1980) señaló que a lgu ­
n as prop iedades de las m aderas están  co nd ic ionadas por sus e s tru c tu ra s  an a tó m icas  y  m as 
específicam ente  por las proporciones de  la s  d im ensiones del te jid o  fib roso . P o r e jem plo , el 
largo  de las fib ras e je rce  u n a  in fluencia  n e g a tiv a  en la du reza , h ien d a  o c livaje  y  densidad , 
m ie n tra s  que c o n trib u y e  sa tis fac to riam en te  al increm ento  de la  flex ión  e s tá tica , ten ac id ad  y  
com presión  de la m ad e ra .

E l grosor de la p a re d  de las f ib ra s  c o n trib u y e  por su p a r te  a a u m e n ta r  la d u reza , d en ­
s id ad , tensión , flexión e s tá tica , com presión  y  clivaje o h ienda , siem pre que éste  se relacione 
con el largo de las f ib ra s  y  su proporción  en  el te jid o .

K o l l m a n  (1959) destacó que los p o ro s  o vasos pu ed en  co n s titu ir  zonas de m ín im a 
resistenc ia  si éstos se en cu e n tra n  d is tr ib u id o s  en  form a an u la r, siendo im p o rta n te  considerar 
el d iám etro  y con ten ido  de ellos en los procesos de p reservac ión  y  secado de las m aderas.

P or ú ltim o o tro  de los elem entos q u e  in flu y e  en las c a rac te rís tica s  de las m ad eras es el 
p a rén q u im a  ax ia l, el cu al aunque posee p a red es finas y  lim enes am plios, lo que co n trib u y e  
a  la e lastic idad  de la m ad e ra , tam bién  es m u y  susceptib le al a ta q u e  de xilófagos, por lo que 
se hace  necesario conocer su abundancia  y  d is tribuc ión .

L a flo ra  cu b an a  con  un alto en d em ism o , cuen ta  con m as de 3490 especies de p lan ta s  
lign ificadas ( B o r h i d i  1973, 1976) de la s  cuales cerca de 200 tien en  in te rés  fo res ta l po r las 
ca rac te rís ticas  de sus m ad eras . E l p re se n te  tra b a jo  co n stitu y e  el prim ero  de u n a  serie que 
co n trib u irá  al conocim ien to  de la a n a to m ía  del xilem a de especies lign ificadas y sus carac ­
te rís tica s , lo que en  consecuencia p e rm it irá  u n  ap ro vecham ien to  rac io n al m as efectivo  de 
n u estro s bosques. S im u ltán eam en te  e s ta re m o s  con tribuyendo  así a la e laborac ión  del A tlas 
X ilo tóm ico  de p lan ta s  cubanas.

A cta  B otánica  H ung a rica  32, 1986  
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Tabla 1

Valores medios de los elementos y  principales

C a r a c t e r e s E le m e n t os  d e  lo s v a s o s P a r é n q i r im a  a x ia l

E s p e c ie s

F r e c u e n -
c ia /m m 2

D ia m .  la n g  
e n  /uva

P a r e d
e n  /uva.

P l a t i n a  d e  
p e r f o r a c ió n

L a r g o  
e n  /uva

D ia m . 
m e d io  
e n  /uva

t t  d e  
c é lu la s

D endropanax arboreus 20 76 5 S y  E 945 20 4-7
0 chroma pyramidalis 2 190 6 S 475 55 2-3
C innam om um  montanum 13 97 8 E 445 17 2-6
T alaum a  minor 19 90 3 E 1100 20 6-9
Sw ieten ia  mahagoni 1 1 143 8 S 340 44 4-9
S . macrophylla 8 62 6 s 307 33 5-7
S . macrophylla X  mahagoni 9 113 5 s 452 28 5-8
T rich ilia  havanensis 24 55 5 s 540 14 4
L ysilom a  Sabicu 6 65 6 s 400 22 2-4
M atayba apétala ssp. oppositi- 

fo lia 9 56 6 s 290 19 6

Leyenda de la ta b la :  S — sim ple; E  — escaleriform e

Materiales y  métodos

P a ra  la descripción del tejido  x ilem ático  de las especies aq u í tra b a ja d a s  se confecciona­
ro n  p ro b e ta s  de tab lilla s  de la  x ilo teca  del C entro de In v estig ac ió n  F o re s ta l (H B w ), así como 
de  tro n co s de m aderas a d u lta s  de la x ilo teca  del H erb ario  de la A cadem ia de Ciencias (HACw), 
la s  cuales están  re sp a ld a d as  po r sus correspond ien tes e jem plares de h e rb ario . Las p robetas 
fu e ro n  ablandadas p o r cocción  en agua d estilad a  y  p o ste rio rm en te  se rea liza ro n  los cortes 
h isto lóg icos con un  m ic ró to m o  de deslizam iento  a  u n  grosor de 20-30  /um. Los cortes obtenidos 
fu e ro n  desh idratados seg ú n  las técnicas usuales y  m o n tad o s  en  p o rta o b je to s  con E u p ara l.

P a ra  realizar las m ediciones del largo de los e lem entos fibrosos se colocaron las astillas 
en  u n a  mezcla 1 : 1 de p e ró x id o  de h idrógeno al 30%  y ácido acético  g lacial, y  se calen taron  
a  80 °C duran te  dos h o ra s  ap ro x im ad am en te .

Como en la m ay o ría  de  los casos los e stud ios se b asa ro n  en m u es tra s  de un  solo á rbol, 
la s  descripciones tien en  g ra n  u tilid ad  desde el p u n to  de v is ta  p rác tico  y a  que  con trib u y en  a 
los p ropósitos de id en tific ac ió n , sin em bargo no m u es tra n  la v a riab ilid ad  que suele encontrarse  
en  las dim ensiones de los e lem en tos en d iferen tes in d iv iduos de u n a  m ism a especie.

Los térm inos u til iz a d o s  en las dim ensiones y  ab u n d an c ia  de los e lem entos son los 
p ro p u e s to s  por C h a t t a w a y  (1932) y  por el C om m itee on  th e  S ta n d a rd iz a tio n  of T erm s of 
Cell Size (1937 y 1939), m ie n tra s  que las descrip tiones se rea liza ro n  según la term inología 
del Glosario In te rn ac io n a l de térm inos de A n a to m ía  de la M adera , en versión  caste llana  
( C o r o t h i a  1963).

E l largo de los e lem en to s axiales se expresa  con tre s  va lores que corresponden al 
m ín im o , m edio y  m áx im o  resp ec tiv am en te .

L as descripciones e s tá n  d ispuestas en orden  a lfabético  de fam ilias y  géneros, e incluyen 
lo s sinónim os y nom bres v u lg a re s  de las especies estu d iad as .

Resultados

Los principales c a ra c te re s  c u an tita tiv o s  y  cu a lita tiv o s  de cada  u n a  de las m aderas 
in v es tig ad as  se expresan  en  la  T ab la  1.
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caracteres observados en las especies estudiadas

R a d io s  m e d u la r e s F ib r a s

F r e c u e n -
c ia /m m

H o m o g é ­
n e o s

H e te r o g é -  E x c l .  u n i-  
n e o s  s e r ia d o s

U n i  y  m u l t i ­
s e r ia d o s

F ib r a s
l ib r i-

fo rm e s

F ib ro -
t r a q u e id a s

D ia m . 
m e d io  
e n  / /m

P a r e d
e n  / im

L a rg o  
e n  pan

5 + 1-4 20 6 1335
4 + 1-7 + 14 3 2500
6 + 1-3 - f - 22 7 1220

11 + 1-3 16 5 1470
7 + 1-5 + 15 4 1035

7 + 1-3 16 5 996
8 + 1-3 + 18 5 810

15 - j - + 1 + 18 4 894
9 + 1 + 22 6 1086

16 + + 1 + 17 5 1010

A R A L IA C E A E

Dendropanax arboreus (L.) Dec. & P lanch .

(A r  alia arbórea L .; Hederá arbórea Sw .; Schefflera arbórea M aza; Gilibertia arbórea 
M arch .; Sciadophyllum  sam ydaefolium  W r. ex  Sauv.)

Nombres vulgares Víbona.

A nillos de crecim ien to  poco d istingu ib les, poroso-difusa, poros m o d erad am en te  num ero ­
sos, 20 po ros/m m 2, m ay o rm en te  so litarios y  en  m últip les radiales de 2 -3  e lem en tos, ocasional- 

E1 p a rén q u im a  ax ia l es de tip o  p a ra tra q u e a l escaso, au n q u e  o cas ionalm en te  se observa 
tam b ié n  a p o traq u ea l difuso. L as series del p a rén q u im a  e stán  fo rm ad as po r 4—7 células, las 
cuales poseen d iám etro  m edio en  sección tran sv ersa l de 20 p m  (F ig . 1).

Los rad ios m edu lares son escasos, 5/m m , heterogéneos y  de dos tip o s : uniseriados y  
m u ltise riad o s con 3-4  series de ancho , éstos ú ltim os con valor p rom ed io  de 48 p m  de ancho.

Ls fib ras  son de tipo  lib rifo rm e, sep tad as , con form as poligonales a ovales y  d is trib u i­
das rad ia lm en te . E n  sección tran sv ersa l a lcan zan  un  d iám etro  prom ed io  de 20 p m ,  pared  de 
6 p m  de grosor. L a lo n g itu d  prom edio  es co rta , 925-1334-1750 p n i de largo  (F igs 2 y  3). 
m en te  en  pequeños grupos. D iám e tro  tan g en cia l prom edio de los poros so litarios m oderada­
m en te  pequeño , 64 -76-86  p m ,  p a red  celu lar de 5 p m  de grosor con p u n tu ac io n es areoladas 
ovales, opuestas y  escaleriform es, y  poros lineales. P la tin a s  de perfo rac ió n  m ay o rm en te  incli­
n a d as , sim ples y  escaleriform es.

Los elem entos de los vasos son m o d erad am en te  largos, con lo n g itu d  de 830-945— 
1000 ¿¿m. No se o bservan  conten idos en estos elem entos.
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BO M BA CA CEA E

Ochroma pyramidalis (C av . in  L am .) U rb.

(0 . lagopus Sw .; B om bax pyra m id a le  Cav.)

N om bres vu lgares: L an ero , B alsa , C eibón lanero , C eibón b o tija .

Anillos de c rec im ien to  poco consp icuos, m adera  po roso-d ifusa , poros escasos, 2 /m m 2, 
m ay o rm en te  solitarios, frecu en te s  m u ltip le s  rad ia les de 2—3 e lem entos. D iám etro  tangencia l 
p rom ed io  de los so lita rio s de ta lla s  m ed ian as, 130-190-200 /m i, p a red  celu lar de 6 /пт de 
g ro so r, con pun tu ac io n es a reo lad as c ircu lares y  a lte rn as, poros a la rg ad o s a  m odo de fisu ra . 
P la tin a s  de perforación  sim ples y  lig e ram en te  inclinadas. No p re se n ta n  contenidos (Figs 
4, 5 y  6).

Los elem entos de los vasos son  co rto s , con long itud  de 3 0 5 -475-650  /mi.
E l p arénqu im a ax ia l es a b u n d a n te  y  p resen ta  dos p a tro n e s  de d istribuc ión : p a ra ­

tra q u e a l  vasicéntrico y  a p o tra q u e a l en  b a n d as . L as series del p a rén q u im a  e s tá n  co n stitu id as 
p o r  2 -3  células, con d iá m e tro  m edio en  sección tran sv ersa l de 55 /m i.

Los rad ios m ed u la re s  son poco a b u n d an te s , 4 /m m 2, he terogéneos y  de dos tipos: uni- 
seriados y m ultiseriados de 5-7  series de ancho. Los m u ltise riad o s con ancho prom edio de 
256 /m i.

Las fib ras son  de tip o  lib rifo rm e, poligonales y  e s tá n  d is tr ib u id a s  irregu larm en te . 
E l d iám etro  de éstas en  sección tra n sv e rsa l es de 14 /m i, grosor de la p a red  3 fim . Las fib ras 
son  m u y  la rg as y  a lcan zan  d im ensiones de 1650-2500-3200 /m i de largo.

L A U R A C E A E

Cinnamomum montanum (Sw.) B erch tho ld  & Presl

( Phoebe m ontana  (Sw .) G riseb .; L a u ru s  montana  Sw.)

N om bres vulgares: B o n ia to  b lanco , B on ia to  del p in a r.

Anillos de c rec im ien to  conspicuos, m ad e ra  poroso-difusa, poros m o d erad am en te  n u m e­
rosos, 13/m m 2, so lita rios, en  m ú ltip les rad ia le s  de 2 elem entos y  en  g rupos pequeños. D iám etro  
tan g en c ia l prom edio de los po ro s so litarios pequeños, 6 6 -97-140  /¿m, grosor de la pared  8 /¿m, 
las cuales m u es tran  p u n tu ac io n es  a reo lad as poligonales y  a lte rn a s  con poros lineales. P la tin a s 
de perforación  escaleriform es e in c lin ad as (F igs 7, 8 y 9).

Los elem entos de los vasos son de ta lla s  m edianas, con lo n g itu d  de 290-445-510 /m i. 
N o se observan con ten id o s en  sus in te rio res .

E l parénqu im a a x ia l  es de tip o  ap o tra q u ea l difuso, e s tan d o  co n stitu id as  las series de 
éste  por 2 -4 -6  célu las, las cuales en  sección tran sv ersa l tie n e n  u n  d iám e tro  m edio de 17 /¿m. 
E n  el in te rio r de las célu las se o b se rv an  conten idos de color c a rm e lita  oscuro.

Los radios m ed u la re s  son m o d erad am en te  num erosos, 6 /m m 2, heterogéneos y  de dos 
t ip o s : uniseriados y m u ltise riad o s de 2 -3  células de ancho. L os m u ltise riad o s poseen ancho 
m edio  de 27 /¿m y  se o b se rv a  en  ellos la  presencia  de células o leíferas.

Las fib ras son  de tip o  lib rifo rm e, de form as cu ad rad as a poligonales y  p resen tan  te n ­
den cia  a la d istribuc ión  ra d ia l. E n  sección tran sv ersa l a lcan zan  u n  d iám e tro  m edio de 22 /¿m, 
g roso r de la pared  de 7 /¿m. L as f ib ras  son co rtas, con long itudes de 650-1220-1550 /¿m.
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F ig. 1. D endropanax arhoreus, corte  tra n s v e r ­
sal, linea de escala: 100 pm.

F ig . 2. D endropanax arboreus, corte ta n g e n ­
cial, linea de escala: 100 pm

Fig. 3. D endropanax arboreus, corte  rad ia l, Fig. 4. Ochroma p yra m id a lis , corte tran sv e r-  
linea de escala: 100 p m  sa l, linea de escala : 100 p m
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F ig . 5. Ochroma p yra m id a lis , corte  tan g e n ­
cial, linea de escala: 100 / m

F ig. 6. Ochroma p yra m id a lis , corte  ra d ia l, 
linea de escala : 100 fini

Fig. 7. C innam om um  m on tanum , corte  t r a n s ­
versal, linea de escala : 100 p in

Fig. 8. Cinnamomum montanum, corte tan­
gencial, linea de escala: 100 pm
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F ig . 10. T a laum a  m inor, corte tran sv e rsa l, 
linea de escala: 100 / ш

Fig. 9. C innam om um  m ontanum , corte ra d ia l, 
linea de escala : 100 /an

M A G N O L IA C E A E

Talauma minor U rb an

(T . P lum ieri G riseb .; Svenhedinia m inor  U rb a n  pp.)

N om bres vu lgares: A zulejo, M arañón de costa.

Anillos de c rec im ien to  conspicuos, fo rm ad o s por b a n d as  de parén q u im a  a p o tra q u ea l 
te rm in a l; m ad era  po roso-d ifusa , poros m o d e ra d am e n te  num erosos, 19/m m 2, m ay o rm en te  
so lita rio s, frecuen tes en m ú ltip les radiales de 2 ó m as elem entos. D iám etro  tangencia l p rom edio  
de los poros so litarios peq u eñ o , 50-90-130 /a n ,  grosor de la p a red  celu lar 3 /im , con p u n tu a ­
ciones a reo lad as escaleriform es. P la tin as de p e rfo rac ión  escaleriform es (Figs 10, 11 y  12).

Los elem entos de los vasos son m o d e ra d am e n te  a m uy  largos, con d im ensiones de 
980-1100-1280  /an  de largo . Se observan co n ten id o s de color carm elita  rojizo.

E l p a rén q u im a  ax ia l es de tipo  a p o tra q u e a l te rm in al. L as series de éste e stán  c o n s titu i­
das po r 6 -9  células, las cuales en sección tra n sv e rsa l tienen  u n  d iám etro  prom edio de 20 /un .

Los rad ios m ed u la res  son m uy n u m erosos, 11/m m 2, heterogéneos y  de dos tip o s: un i- 
seriados y  m u ltise riad o s de b as ta  3 series de ancho . Los m ultiseriados con un  ancho prom edio  
de 47 /an .

L as fib ras  son del tip o  f ib ro traq u e id a , con form as poligonales y  d istribu idas irregu lar- 
m en te , aun q u e  con c ie rta  tendencia  a la d is tr ib u c ió n  rad ia l. E n  sección tran sv ersa l tien en  un  
d iám etro  prom edio de 16 /а п  y  pared  de 5 /a n  de grosor. E stas  f ib ras  son cortas y  a lcanzan  
lo ng itudes de 1370-1470—1550 /an .
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F ig . 11. Talaum a m in o r , corle  tan g en cia l, 
linea de escala: 100 /vm

F ig. 12. Talaum a m inor, co rte  rad ia l, linea de 
escala: 100 ¿¿m

F ig . 13. Swietenia mahagoni, corte  tr a n s v e r ­
sal, linea de escala: 500 / m

Fig. 14. Swietenia mahagoni, corte tangencial,
linea de escala: 500 ¿mi
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МЕЫАСЕАЕ

Swietenia mahagoni (L.) Jacq .

N om bres v u lg a res : C aoba, Caoba de C uba, C aoba A n tillan a .

Zonas de c rec im ien to  presentes, m ad era  con porosidad  d ifusa , poros m o d erad am en te  
num erosos, 1 1 /m m 2, so lita rio s y  en m últip les rad ia le s . D iám etro  tan gencia l prom edio de los 
poros solitarios de ta lla s  m edianas, 114-143-198 ¿un, grosor de la p a red  celu lar 8 /im  con 
p u n tuac iones a reo lad as red o n d as, a lte rnas y  con poros ovales ocasionalm ente  coalescentes. 
P la tin a s de p e rfo rac ió n  sim ples y  ligeram ente in c lin ad as (F igs 13, 14 y  15).

Los e lem entos de los vasos son m o d erad am en te  cortos, con largos de 330-340-409  ¿un.
El p a rén q u im a  ax ia l es de tipo p a ra tra q u e a l vasicén trico , frecu en tem en te  se ob se rv a  

tam b ién  p a rén q u im a  in icial. Las series de éste  e s tá n  co n stitu id as  p o r 4 -7 -9  células, con d iá ­
m etro  prom edio en  sección tran sv ersa l de 44 /im .

Los rad ios m ed u la re s  son m o d erad am en te  num erosos, 7 /m m 2, heterogéneos y  de dos 
tipos: un iseriados y  m u ltise riad o s de 3-5 células de ancho. Los m ultiseriados cou ancho p ro ­
m edio de 84 ¿¿m.

L as fib ras  son  de tip o  libriform e, a veces con septos m u y  finos, con form a po ligonal y 
d istrib u id as irreg u la rm e n te . E n  sección tran sv e rsa l tien en  d iám etro  m edio de 15 /im  y  p a red  
de 4 ¿mi de grosor. L as f ib ras  son cortas y  a lcan zan  valores de 875-1035-1175 ¿¿m de largo.

Swietenia macrophylla K ing 

N om bres vu lg ares: C aoba de H onduras.

A nillos de c rec im ien to  conspicuos, m ad era  con p o rosidad  d ifusa , poros m od erad am en te  
escasos, 8 /m m 2, so lita rio s  y  en m últiples rad ia les. D iám etro  tan g en cia l prom edio de los soli­
ta rio s  pequeño, 5 8 -6 2 -8 5  ¿un, pared  celular de 6 ¡um de grosor con pun tuac iones a reo lad as 
d im in u tas , po ligonales y  a lte rn a s  con poros ovales. P la tin a s  de perforación  sim ples y  lig e ra ­
m en te  inclinadas (F ig . 16, 17 y  18).

Los e lem entos de  los vasos son m o d erad am en te  cortos, con valores de 239-307-405 ¿un 
de largo.

El p a rén q u im a  ax ia l es m ayorm ente  de tip o  p a ra tra q u e a l  v asicén trico , aunque ocasio­
na lm en te  se o b serva  ta m b ié n  con d istribuc ión  te rm in a l. L as series del parén q u im a  e s tán  
fo rm adas por 5-7 célu las, las cuales poseen u n  d iám e tro  m edio en  sección tran sv ersa l de 33 ¿un.

Los rad ios m ed u la re s  son m o d eradam en te  num erosos, 7 /m m 2, heterogéneos y  de dos 
tipos: uniseriados y  m u ltise riad o s de 2-3 series de ancho . Los m ultise riad o s a lcanzan u n  ancho  
m edio de 35 ¿un.

L as fib ras  son de tip o  libriform e, con fo rm as po ligonales y  e s tán  d is trib u id as ir reg u la r­
m ente . E n  sección tra n s v e rsa l  tienen  un  d iám etro  prom ed io  de 16 ¿un y  p a red  de 4 -5  ¿un de 
grosor. L as f ib ras  son  m u y  co rtas , con valores de 875-996-1275  ¿un de largo y  septos m uy  finos.

Swietenia macrophylla X mahagoni (Figs 19, 20 y 21)

N om bres vu lgares: C aoba híbrida.

Anillos de c rec im ien to  presentes, m adera  poroso -d ifusa , poros m o d erad am en te  escasos, 
9 /m m 2, solitarios, en  m ú ltip le s  de 2 elem entos y  en  conglom erados. D iám etro  tan g en cia l 
prom edio de los so lita rio s  de ta llas  m edianas, 9 0 -113—150 ¿un, p a red  celu lar de 5 ¿un de grosor
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con  p u n tu ac io n es a reo lad a s  d im inu tas po ligonales y  a lte rn a s  con poros ovales, ocas io n a lm en te  
coalescentes. P la tin a s  de perforación  sim ples.

Los e lem entos de los vasos son de ta lla s  m ed ian as, con valores de 3 1 0 -4 5 2 -5 6 0  fim. 
de largo .

F ig . 15. Sw ietenia m ahagoni, corte  ra d ia l, 
linea de escala : 500 fim

Fig . 16. Sw ietenia macrophylla, co rte  t r a n s ­
versal, linea de escala: 100 fim

F ig . 17. Swietenia m acrophylla, corte ta n g e n ­
cial, linea de escala: 100 fim

Fig. 18. Swietenia macrophylla, corte radial,
linea de escala: 100 fim
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E l p a rén q u im a  axial es m ay o rm en te  de tip o  p a ra tra q u e a l vasicén trico , a veces se 
o b serva  tam b ién  con d istribución te rm in a l. L as series del p a rén q u im a  e s tán  c o n stitu id as por 
5—8 células, las cuales en sección tra n s v e rsa l poseen  u n  d iám etro  m edio de 28 [ira.

Los rad ios m edulares son n u m ero so s, 8 /m m 2, heterogéneos y  de dos tipos: u n iseriados 
y  m ultiseriados de 2 -3  células de ancho . Los m ultiseriados a lcanzan  u n  ancho  m edio de 20 [ira.

F ig . 19. Sw ietenia m acrophyllaX inahagoni, F ig . 20. Sw ietenia m acrophyllaX m ahagoni, 
co rte  tran sv ersa l, linea  de escala: 100 [im  corte  tangencia l, linea de escala: 100 [ira

F ig . 21. Sw ietenia m acrophyllaX m ahagoni, 
corte  rad ia l, linea de escala: 100 ^ m

F ig. 22. Trichilia  havanensis, corte  tran sv e rsa l, 
linea de escala: 100 [ira
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L as fib ras  son de t ip o  libriform e, con fo rm as poligonales y  e s tán  d is trib u id as irreg u la r­
m en te . E n  sección tra n sv e rsa l tien en  u n  d iám e tro  m edio  de 18 fim  y  p a red  de 5 -6  /o n  de 
grosor. Las fib ras  son m u y  co rtas, con v a lo res de 575-810-1125 / ш  de largo y  p re sen tan  
a lgunos septos m u y  finos.

F ig . 23. Trichilia  havanensis, corte  tangencia l, 
linea de escala: 100 /m i

F ig . 24. Trichilia  havanensis, corte  rad ia l, linea 
de escala: 100 /m i

F ig. 25. Lysilom a Sabicu , co rte  tran sv ersa l, F ig . 26. Lysilom a Sabicu , corte  tan g en cia l, 
linea de escala: 100 /m i linea de escala: 100 jim
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Trichilia havanensis Jacq. (Figs 22, 23 y  24)

N om bres vu lgares: S iguaraya.

Z onas de crecim iento d istingu ib les, m ad e ra  poroso-difusa , poros num erosos, 2 4 /m m 2, 
so lita rio s, en  m ú ltip les  radia les de 2-5  e lem en tos y  en  conglom erados de 3 -4  células. D iám e tro  
tan g en c ia l p rom edio  de los solitarios pequeño , 4 8 -5 5 —62 ¿¿m, pared  celu lar de 5 /im  de g rosor 
con p u n tu ac io n es  in te rvascu lares a reo ladas, c ircu la res  y  a lte rn as  con poros a la rgados. P la tin a s  
de perfo rac ió n  sim ples.

E lem en to s de los vasos de ta lla s  m ed ian as, alcanzando  valores de 430-540-610  ¿mi 
de largo .

E l p a rén q u im a  axial es de tipo  p a ra tra q u e a l  vasicén trico , a veces fo rm an d o  b a n d as  
irregu lares. L as  series del p a rén q u im a  e s tán  fo rm ad as  po r 4 células, las cuales en  sección 
tra n sv e rsa l tie n e n  u n  d iám etro  prom edio  de 14 ¿mi. P re se n tan  contenidos de color n a ra n ja .

Los rad ios m edulares son num erosos, 1 5 /m m 2, cercanam ente  hom ogéneos, a u n q u e  
e sp o rád icam en te  se d istinguen  los dos tip o s de célu las. Los radios son ex c lu siv am en te  un i- 
seriados con u n  ancho  m edio de 21 ¿mi.

L as  f ib ra s  son  de tipo  libriform e, con fo rm as poligonales y  e stán  d is tr ib u id as  ir reg u la r­
m en te . E n  sección tran sv ersa l tienen  u n  d iám e tro  m edio  de 18 ¿ím y  p a red  celu lar de 4 ¿mi 
de grosor. L as f ib ra s  son m uy  cortas, con va lo res de 633-894-1000 ¿ím de largo. Se o b se rv an  
a lgunos sep tos m u y  finos.

E l p a rén q u im a  es de tipo  p a ra tra q u e a l co n flu en te , form ando en ocasiones b an d as . 
L as series e s tá n  fo rm ad as por h asta  5 célu las, las cuales en sección tran sv e rsa l poseen u n  d iá ­
m etro  prom edio  de 20 ¿ím.

L os rad ios m edulares son num erosos, 15/m m 2, cercanam ente  hom ogéneos, au n q u e , 
frec u e n te m en te  se o bservan  los dos tipos de células. L os rad ios son exclusivam en te  u n iseriados 
con an cho  m edio de 22 ¿ím.

L as f ib ras  son de tipo  lib rifo rm e, con fo rm as poligonales y  e stán  d is trib u id as  irreg u la r­
m en te . E n  sección tran sv ersa l tienen  u n  d iám e tro  m edio  de 16 ¿ím, con p a red  de 4 ¿ím de 
grosor. L as f ib ras  son  m uy cortas, con v a lo res  de 525—985—1275 ¿ím.

M IM O SA C EA E

Lysiloma Sabicu B enth . (Figs 25, 26, y  27)

[L. latisiliqua  (L .) B en th .; M im osa  la tisiliqua  L .; A cacia form osa  A. R ich .]

N om bres v u lg a res: Sabicu, J igüe , S ab icu  am arillo , Z apatero , B acona m o rad a .

Anillos de crecim iento conspicuos, m ad e ra  con porosidad  difusa, poros m o d erad am en te  
escasos, 6 /m m 2, so litarios, en m últip les rad ia les  de 2 e lem entos y  en grupos de 3 -4  células. 
D iá m e tro  tan g en cia l prom edio de los poros so lita rio s pequeño , 32-65-151 ¿ím, grosor de la  
p a re d  6 ¿ím, con p u n tuac iones a reo ladas o rn ad as , circulares y  a lte rn as con poros ovales. 
P la tin a s  de p e rfo rac ión  simples.

Los e lem en tos de los vasos son de ta lla s  m ed ian as , con dim ensiones de 230-400-490  ¿ím 
de largo . E v e n tu a lm e n te  se observan  conten idos de color naran ja-carm elitosos.

E l p a rén q u im a  ax ia l es de tipo  p a ra tra q u e a l  vasicén trico  y  aliform e, que en  ocasiones 
llega a ser co n flu en te . Las series e stán  fo rm ad as p o r 2—4 células, las cuales en  sección t r a n s ­
v e rsa l tien en  d iám e tro  m edio de 22 ¿ím. Se o b se rv an  frecuen tem en te  célu las c ris ta lífe ras  
se p tad a s  con c ris ta les poliédricos.
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Fig. 27. Lysilom a Sabicu , co rte  rad ia l, linea 
de escala: 100 fim

Fig . 28. M atayba apétala ssp. oppositifolia  
co rte  tran sv ersa l, linea de escala: 100 / m

F ig. 30. M atayba apétala ssp. oppositifo lia  
co rte  ra d ia l, linea  de escala: 100 /¿m

Fig. 29. M atayba apétala  ssp. oppositifolia  
co rte  tangencia l, lin ea  de escala: 100 //m
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Los rad ios m ed u la res son num erosos, 9 /m m 2, hom ogéneos y  exclusivam ente  un iseriados, 
é sto s con u n  ancho m edio de 16 fim .

L as fib ras  son  de tip o  lib rifo rm e, de fo rm as poligonales y  e s tán  d is trib u id as ra d ia l­
m en te . E n  sección tran sv e rsa l tien en  u n  d iám etro  prom edio  de 22 ¡xm, y  p a red  ce lu lar de 
6 jttm de grosor. L as f ib ra s  son co rtas, con valores de 950-1086-1100 /im  de largo. Se o bservan  
sep tos m u y  finos.

S A P IN D A C E A E

Matayba apétala (Macf.) R ad lk . ssp. oppositifolia* (A. R ich.) B orh id i (F igs 28, 
29 y  30)

(C upania  oppositifo lia  A. R ich .)

N om bres vu lgares: M acurije.

Zonas de c recim ien to  p resen tes, m ad e ra  con po rosidad  difusa, poros escasos, 9 /m m 2, 
so lita rio s, en m ú ltip les rad ia les de 2 e lem entos y  en  grupos de 3 células. D iám etro  tan g en cia l 
p rom ed io  de los so lita rio s pequeño , 4 1 -5 6 -6 0  p m ,  g rosor de la pa red  celu lar 6 p m ,  con p u n ­
tu ac io n es  a reo ladas circulares y  a lte rn a s  con poros ovales. P la tin a s de perforación  sim ples e 
in c lin ad as.

Los e lem entos de los vasos son m o d erad am en te  cortos, con valores de 198-290-303  
/im  de largo.

E l p a rén q u im a  ax ia l p resen ta  dos p a tro n es fu n d am en ta les  de d istribuc ión : ap o tra q u ea l 
en  b a n d a s  irregu lares y  p a ra tra q u e a l v asicén trico . L as series de éste e s tán  fo rm ad as por 
6 célu las, las cuales en  sección tran sv e rsa l tien en  d iám e tro  m edio de 19 pm .

Los radios m ed u la res son m u y  num erosos, 16/m m 2, hom ogéneos y  un iseriados, con 
ancho  m edio de 23 ^m .

L as fib ras  son de tip o  libriform e, de fo rm as c u ad ra d as  a poligonales y  p re sen ta n  d is tr i­
b u c ió n  rad ia l. E n  sección tran sv ersa l estos e lem entos tien en  d iám etro  m edio de 17 p m  con 
p a re d  de 4-5  p m  de grosor. L as f ib ras  son  co rtas , con dim ensiones de 675-1010-1575 p m  
de largo.
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ESTUDIO COMPARATIVO 
DE LA MADERA DE B U C I D A  L. 

(COMBRETACEAE)

R a q u el  Ca r r e r a s 1 y Mig u e l  A. Va l e s2

1 C E N T R O  D E  I N V E S T I G A C I Ó N  F O R E S T A L  D E L  M I N I S T E R I O  D E  A G R I C U L T U R A ,

L A  H A B A N A , C U B A

2 I N S T I T U T O  D E  B O T Á N I C A  D E  L A  A C A D E M IA  D E  C I E N C I A S  D E  C U B A , L A  H A B A N A , C U B A

(R ecib id o : 15 Mayo 1983)

T he a n a to m y  of th e  seco n d ary  xylem  and  som e ecological fea tu res  of th e  re p ­
ré sen ta n ts  o f genus Bucida  L . in  C uba: B . buceras L ., B . ophiticola  B isse, В. pa lustris  
B orh id i, В . spinosa  (N o rth ro p ) Jen n in g s and Bucida subinerm is  Bisse are described. 
The re la tio n  be tw een  eco an ato m ica l aspects in these  species a re  discussed.

In troducción

E l género B ucida  L. tiene d is trib u c ió n  neotropical en co n trán d o se  exclusivam ente  en 
A m erica  T rop ical y las A ntillas.

L e ó n  y A l a í N  (1953) re p o rta ro n  la presencia en C uba de las especies B. buceras L. y 
B . spinosa  (N o rth ro p ) Jen n in g s; sin em bargo  estudios posterio res realizados con v is tas  a la 
edic ión  de la  nueva o b ra  F lo ra  de C uba, han  hecho posible el d escubrim ien to  de 3 nuevos 
tax o n es ( B i s s e  1974 y  B o r h i d i  e t M u ñ i z  1975): B . subinerm is B isse; В . ophiticola  Bisse у  

В . pa lustris  B orhid i.
La m ad e ra  de las especies de este  género tiene am plio uso en  la  in d u s tr ia  de la m ad era  

p o r su g ra n  dureza y  d u rab ilid ad  (incluso  en  con tacto  d irec to  con el agua). P o r ta l m otivo  
decidim os rea liza r el estud io  an a tó m ico  de la m adera  de las 5 especies a n te s  m encionadas con 
el f in  de ofrecer aquellas ca rac te rís tica s  que ap o y an  las p rop iedades físico-m ecánicas, así como 
d e te rm in a r si ex is ten  d iferencias que p e rm ita n  la iden tificación  de cad a  u n a  de ellas.

M ateriales y m étodos

Se confeccionaron pequeñas p ro b e ta s  de las 5 especies en estu d io  a p a r tir  de ejem plares 
de las x ilo teces del C entro de In v estig ac ió n  F oresta l (H B w ) y  del In s t i tu to  de B otán ica  de la 
A cadem ia de Ciencias de Cuba (H A C w ), las cuales fueron  a b la n d ad a s  po r cocción en agua  
d es tila d a  p a ra  su seccionam iento . L os co rtes ob tenidos a u n  grosor de 20-30  fiin  fueron  des­
h id ra tad o s  y  m o n tad o s según las técn ica s usuales en an a to m ía  de m ad eras . E l m ate ria l d is­
gregado se o b tu v o  de peq u eñ as astillas  las cuales fueron ca len tad as  en  u n a  m ezcla de ácido 
acético  y  peróx ido  de h idrógeno al 30%  en  relación 1 : 1 .

P a ra  cada  uno de los ca rac te re s  se realizaron  50 m ediciones con ex cep tio n  del largo de 
las f ib ras  y  largo  de las series del p a rén q u im a  axial de los que se rea liza ro n  100 y  25 m ediciones 
re sp ec tiv am en te . Los térm inos em pleados en las clases de las d im ensiones y  ab u n d an c ia  de 
los e lem entos son los ap ro b ad o s p a ra  las descripciones an a tó m icas ( C i i a t t a w a y  1932 y  Com ­
m ittee  on S ta n d a rd iza tio n  of Cell Size 1937 y  1939). P a ra  el grosor de la  pared  de las fib ras  
seguim os los criterios de P é r e z  M o g o l l ó n  (1973), basados en  la re lación  h im en /d iám etro  m edio.
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R esultados

Zonas de crecim iento  p resen tes. P o ro sid ad  d ifusa, poros num erosos en  B. ophiticola 
(2 4 /m m 2), m oderadam ente  n um erosos en B . p a lustris  (19 /m m 2), B . spinosa  (15 /m m 2) y  B. 
sub inerm is  (11/m m 2) y  m o d e ra d am e n te  escasos en  B . buceras (8 /m m 2).

D iám etro  tangencia l de  ta lla  m edia  en  B . buceras (115 /ím ), B . subinerm is  (115 ¿un), 
B . pa lu str is  (120 pm )  y  p e q u eñ o s  en  B . sp inosa  (80 р т )  y  B . ophiticola  (60 ¿un). D iám etro 
ra d ia l  de talla  m edia en  B . buceras (140 ¿an), B . subinerm is (150 p m )  y  B . pa lustris  (150 ¿¿m); 
m o d erad am en te  pequeños en  B . spinosa  (105 ¿an) y  pequeños en  B . ophiticola (80 pm ). Soli­
ta r io s , m ultip les rad ia les de h a s ta  4 células en  B . palustris  y  B . sp in o sa ; de h a s ta  3 células 
en  B . buceras y  de h a s ta  6 célu las en  B . subinerm is  y  B. ophiticola. P resencia  ev en tu a l de 
conglom erados de pocas cé lu las (g en era lm en te  de 4) en B . pa lustris , В . ophiticola, В . spinosa  
у  В . subinermis. Pared  ce lu lar de 5 -6  ¿un de grosor.

E lem entos vascu lares m o d erad am en te  cortos en B . ophiticola  (150-300-390  ¿un) y  
B . sp inosa  (125-306-426 ¿on). T alla  m edia  en B . buceras (300-460-750  ¿on), B. subinermis 
(230-415-671  ¿un) y B . p a lu s tr is  (325-490—780 ¿un). P u n te ad u ra s  in te rv ascu la res  a lte rnas, 
o rn a d a s , con bordes c ircu lares de 5 x 5  ¿un de d iám etro . Poros en fo rm a de fisu ra  con d im en­
siones de 4 x 1  ¿un, inclu idos, ocasionalm en te  coalescentes.

P arénquim a axial p a ra tra q u e a l  co nfluen te  en B . ophiticola y  B . subinerm is, aliform e 
co n flu e n te  en B. buceras, B . pa lustris  y  B . spinosa. Series con (2 -4 —7) células ó (306-445- 
590 ¿un) de longitud. P a re d  celu lar de (1 ,5 -2 -3  p m )  de grosor; d iám e tro  celu lar de 30 ¿un en 
B . buceras y  B. subinerm is 25 p m  en B . ophiticola; 20 ¿un en B . spinosa  y  15 ¿¿m en B. palustris. 
L o n g itu d  celular (140-150-177  p m ). P resencia  de cristales.

R adios m edulares n u m ero so s en B . buceras (10/m m 2), B . subinerm is  (8 /m m 2) y  B . palustris 
(9 /m m 2) y m uy num erosos en  B . spinosa  (16 /m m 2) y  B. ophiticola (13 /m m 2), sim étricos; los 
u n ise riad o s m o d erad am en te  a lto s  en  B. sp inosa  (96 ¿un) con 2 -3 -7  células y  B. ophiticola 
(90 p m )  con 3 -5 -8  célu las a lta s ;  en  B. buceras (120 p m )  con 2 -4 -1 1  célu las, B . subinermis 
(100 p m )  3 -6-13  células y  B . pa lustris  (170 ¿un) 2 -6 -1 4  células. M ultiseriados m uy  altos con 
(345 ¿un) 1-14-21 células en  B . buceras; (330 ¿un) 7 -15-25  en B . subinerm is, (371 p m )  9-14-27 
célu las en B. palustris, (270 ¿un) con 8 -12—17 células en B. spinosa  y  (256,4 ¿¿m) con 9-12-18 
cé lu las en B. ophiticola. E l ancho es de 55 ¿un (2-3) células en B . buceras; 45 ¿un (2 -3 -4 ) 
cé lu las en B. spinosa; 48 ¿un (2 -3 ) células en B . subinerm is; 45 ¿un (2) célu las en B. palustris 
y  49 p m  (2-3) células en  B . ophiticola. Los rad ios son m ay o rm en te  hom ogéneos com puestos 
p o r célu las p rocum bentes con cris ta les m u y  a b u n d an te s , isod iam étricos, m u y  frecuentem ente  
con ex trem os pun tiag u d o s y  en casi todos p re sen ta n  núcleos orgánicos en su in terior. Las 
d im ensiones celulares p a ra  B . buceras 15 ¿un de ancho; 18 ¿un en B . spinosa; 15 ¿un en B. 
sub inerm is; 17 ¿un en B . p a lu s tr is  y  12 ¿un en  B . ophiticola. A ltu ra  de 17,4 ¿un en B . buceras; 
26 ¿un en  B. spinosa; 18 p m  en  B . subinerm is; 21 ¿un en B . p a lustris  y  20 ¿un en  B . ophiticola. 
L a  p ro fu n d id ad  es de 73 ¿un en  B . buceras, 47 p m  en B. spinosa, B . p a lustris  y 53 ¿un en B. 
sub inerm is  y B. ophiticola.

F ibras d istribu idas irreg u la rm e n te  de fo rm a poligonal, co rta s  en B. buceras (1075- 
1420—1650 pm ), B. spinosa  (9 10-1130—1465 ¿un), B . subinerm is (875-1385-1750  ¿un) y  B. ophi­
ticola  (895-1155-1550 p m )  y  la rg as en B. p a lustris  (1275-1600-1910 ¿un). D iám etro  celular de 
14 p m  en  B. buceras y B . sp inosa; 16 ¿un en  B . subinerm is, 12 ¿un en  B . pa lustris  y 11 ¿¿m en 
B . ophiticola.

P ared  celular g ruesa  en  B . buceras con 3,9 p m  ( L /0  =  0,44), B. sp inosa  4,5 ¿un ( L /0  =  
0,35), B . subinermis 4,98 p m  ( L / 0  =  0,37) m u y  gruesas en B . p a lustris  5,8 ( L /0  =  0,03) y 
B . ophiticola  4 ¿un ( L /0  =  0,27).
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Fig. 1. Sección tran sv e rsa l de B . ophiticola 
linea  de escala: 100

F ig . 2. Sección tra n sv e rsa l de B . subinerm i 
linea de escala: 100

F ig. 3. Sección lo n g itu d in a l tan g en cia l de 
B . spinosa  linea  de escala: 100 /пт

Fig. 4. Sección lo n g itu d in a l rad ia l de B . 
ophiticola  linea  de escada: 100 /an
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Discusión

L a ta b la  1 m u es tra  que las m ad eras  de las 5 especies de B ucida  p re se n ta n  
u n a  g ran  hom ogeneidad  en sus e s tru c tu ra s , observándose sólo ligeras v a riac io ­
nes desde el p u n to  de v is ta  c u a n tita tiv o , las que sin lugar a d u d as e s tán  d ad as  
p o r  d iferencias ecológicas, re lac ionadas fu n d am en ta lm en te  en  n u es tra  opinión 
con  la  c a n tid a d  de ag u a  asim ilab le  e x is te n te  en  el suelo.

B ucida pa lustris  crece sobre tu rb a  (suelo ácido) en la  C iénaga de Z a p a ta  
d o n d e  la  hu m ed ad  del suelo es a lta ; B ucida  subinerm is crece sobre m ocarrero  
d o n d e  ex isten  f lu c tu ac io n es anuales de ag u a  y  Bucida spinosa  crece fu n d a ­
m e n ta lm e n te  en te rren o s  costeros, m an ig u as y  suelos pedregosos-cenagosos 
p e ro  m ás relacionados con agua sa lad a , la  que aunque en  ab u n d an c ia  re su lta  
fis io lóg icam ente  poco asim ilable. B . buceras por su p a rte  crece en las p ro x i­
m id ad es de ríos y  costas, m ay o rm en te  asociadas a aguas no sa ladas en  m ov i­
m ie n to  y  ricos en oxígeno, m ien tras  que B . ophiticola lo hace  sobre se rp en tin a  
d o n d e  se m an ifiesta  u n  estad o  de p seudoxerom orfía  (Vales  e t al. 1982) debido 
a la  perm eab ilidad  de este  suelo y  sequ ía  fisiológica por la a lta  concen tración  
de iones pesados.

Las ca rac terís ticas  xerom órficas h a n  sido general asociadas p o r varios 
a u to re s  con elem entos de los vasos estrechos, cortos y  m uy  num erosos. V a n  

d e r  G raaff  y  B aas (1974) d es taca ro n  ta m b ié n  estrecham ien to  y  aco rtam ien to  
de los elem entos de los vasos e in c rem en to  de la porosidad  y  rad ios m edu lares 
b a jo s  con el increm en to  de la  la t i tu d ;  re su lta d o s  sim ilares au n q u e  m ás a te n u a ­
dos con el increm en to  de la  a lt i tu d  fu e ro n  igualm ente señalados p o r estos 
a u to re s . Metcalfe  y  Ch a l k  (1950), señ a la ro n  que el increm en to  en el d iám e tro  
de los vasos y el decrem en to  de los rad io s  m edulares puede ser fác ilm en te  
a fec tad o  por condiciones ecológicas.

E n  las especies in v estig ad as no e x is ten  diferencias de la t i tu d , p o r lo  que 
la s  d iferencias c u a n tita tiv a s  observadas deben  es ta r en función  de la  d isponi-

T a h l a  1

Valores de los principales caracteres observados

E le m e n to s  d e  lo s  v a s o s F ib r a s

D iá m .  t a n g .  
e n  /¿m

D iá m . r a d i a l  
e n  /uva.

L a r g o  t o t a l  
e n  /um

P a r e d  
e n  / im

F r e c u e n c ia  
e n  m m z

D iá m . 
m e d io  
e n  / jm

P a r e d  
e n  /um

B u cid a  palustris 120 150 490 5-6 19 12 5,8

Bucida buceras 115 140 460 5-6 8 14 3,9

B ucida  subinermis 115 150 415 5-6 11 16 5

B ucida  ophiticola 60 80 300 5-6 24 11 4

B ucida  spinosa 80 105 306 5-6 15 14 4,5
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bilidad  de agua y  n u tr ie n te s  del suelo. L as especies B . p a lustris , B . buceras 
y  B . subinerm is  m o stra ron  los e lem entos de los vasos m ás largos y anchos, así 
com o las fib ras  m ás la rgas, m ien tra s  que B . ophiticola, y  B . spinosa  a lcan zaro n  
valores de estos ca rac teres  s ig n ifica tiv am en te  más pequeños com o se observ a  
en la T ab la  1.

Los rad ios m edu lares un iseriados y  m ultiseriados m o stra ro n  ta m b ié n  
variac iones en la  a ltu ra , lo que coincide con lo en co n trad o  por V a n  d e r  
Gr a a ff  y  B aas (1974) y  V a l e s  e t al. (1982), quienes d e s taca ro n  una  e s trech a  
relac ión  e n tre  la  a ltu ra  de los rad ios m ed u lares  y  el largo  de los e lem entos de 
los vasos.

Ca r l q u ist  (1977) defin ió  los té rm in o s  vu lnerab ilid ad  (d iám etro  m edio 
de los e lem entos de los vasos d iv id ido  p o r la  frecuencia de éstos po r m m 2) y  
m esom orfía  (vu ln erab ilid ad  m u ltip licad a  por el largo de los elem entos de los 
vasos) ind icando  que ba jo s  valores de v u lnerab ilidad  le ofrecen al s is tem a  
co n d u c to r capacidad  de aseg u ram ien to , en  la  can tidad  de ag u a  necesaria  p a ra  
el buen  desarro llo  de to d o s los procesos en  el vegetal (decrece la p o sib ilidad  
de la  form ación  de b u rb u ja s  de aire en  los vasos) m ien tras  que altos va lo res 
de m esom orfía  son in te rp re ta d o s  p o r él com o indicadores de ca rac te rís ticas  
m esom órficas en esas especies. L a ta b la  2 m uestra  los va lo res en co n trad o s 
p a ra  los índices num éricos de v u ln e rab ilid ad  (V) y  m esom orfía  (M) en  las 
5 especies de B ucida. E n  ella se ob serv a  que las h ipó tesis de Ca r l q u ist  se 
cum plen  p a ra  B . buceras y  B . subinerm is  no así para  B. pa lustris  donde  se 
o b tu v o  un  va lo r re la tiv a m e n te  bajo . P a ra  B . spinosa  se o b tu v o  un v a lo r de 
v u ln e rab ilid ad  m ás bajo  que el en co n trad o  p a ra  B. buceras y  B . subinerm is, 
lo que en  c ie rta  m edida re su lta  lógico y a  que al ser una  especie que e s tá  m ás 
ligada  al agua salada p re se n ta  s ituac iones sim ilares a los m ang lares donde 
com o es sab ido  las p la n ta s  e s tá n  su je ta s  a u n a  a lta  tensión  de agua y  fu e rte s  
presiones neg a tiv as . V a n  V l ie t  (1979) e s tu d ian d o  especies de C om bretaceae 
que fo rm a n  p a r te  de m ang lares, enco n tró  valo res de v u ln e rab ilid ad  que oscila-

en las diferentes especies investigadas de Bucida

P arénquim a axial Radios m edulares

Largo 
en /im

Lum en/Diám.
medio

Diám. 
medio 
en /im

Largo de 
las series 

en //m

Ancho de los 
m ultiseriados 

en jum

Ancho de los 
multiseriados 

en t í  de células

A ltura de 
los uniseria­
dos en /лm

A ltura de 
los m ulti­
seriados 
en /.¿m

Frecuen-
cia/m m

1600 0,03 15 590 45 2 170 371 9

1420 0,44 30 470 55 2-3 120 345 10

1385 0,37 30 476 48 2-3 150 330 8

1155 0,27 25 306 49 2-3 90 256 13

1130 0,35 20 390 45 2-4 90 270 16
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ron  de 13,2-35,5, lo  q ue ev id en tem en te  n o  concordaba con  las h ipótesis de 
Ca r l q u ist  para es te  t ip o  de vegetación .

P or ú ltim o B . ophiticola  m ostró los v a lo res  m ás bajo s  de am bos índ ices 
(2,9 y  810) lo que en  n u e s tra  opinión co n cu erd a  con las ca rac terís ticas  ecológi­
cas de las se rp en tin as  donde  se m an ifies ta  u n a  sequía fisiológica debido a la  
a lta  concentración  de iones pesados en el suelo , así com o el estado  de pseudo-

Tabla 2

Valores de los índices numéricos V  y  M

Especies
(V)

V ulnera­
bilidad

(M)
Meso-
morfía

B ucida  palustris 7,2 3508

B . buceras 16,1 7364

B . subinermis 12,2 5753
B . spinosa 6,08 1860

В . ophiticola 2,9 810

xerom orfía  señalado  p o r V a l e s  et al. (1982) com o u n a  com binación  de c a ra c ­
te re s  m orfológicos xerom órficos con un  s is tem a  co n d u cto r típ ico  para  especies 
m esom órficas.

N uestros re su lta d o s  del análisis de las  h ipótesis de Carlq uist  re fle jan , 
com o ha  sido seña lado  y a  por el propio  Ca r l q u is t , B aas  (1976) y V a n  V l ie t  
(1979) que el p ap e l del la rgo  de los e lem en tos de los vasos en la conducción 
del agua es c o m p le tam en te  especulativo , deb iendo  analizarse  m ás am pliam en te  
y a  que el largo de esos elem entos puede e s ta r  en m ayor o m enor grado a fec tad o  
p o r  el crecim iento  in tru s iv o  de acuerdo a las concen traciones de n u tr ie n te s .

Chalk  y  Ch a t t a w a y  (1934) señ a la ro n  que el largo de las células fu sifo r­
m es cam biales se co rresp o n d ía  ap ro x im ad am en te  con el la rgo  de las series del 
p a rénqu im a. E s tu d io s  posterio res (S üss 1967 y  V ales  1982) han  dem o strad o  
que las series del p a ré n q u im a  al igual que las fib ras  y  los elem entos de los 
vasos pueden te n e r  a la rgam ien tos por crecim ien to  in tru s iv o . E n  la  T ab la  1 
se observa que con excepción  de B . ophiticola  donde el la rgo  del p a rén q u im a  
ax ia l es casi igual al la rg o  de los e lem entos de los vasos, en las o tras especies 
el largo del p a ré n q u im a  ax ial es m ayor que el largo de los elem entos de los 
vasos, lo que im p lica  que  en  estas especies ocurre un  m arcado  crecim iento  
in tru s iv o  de todos los elem entos. Al pa rece r la  a lta  concen tración  de n u tr ie n te s  
en  el suelo en que  crece B . palustris  h ace  que sus e lem entos ob tengan  los 
m ayores valores de la rg o  (debido al c rec im ien to  in tru siv o ), pero a la vez e s ta  
a lta  concentración  y  acidez del suelo a fec ta  la  cap ac id ad  de asim ilación, de 
ag u a  por la p la n ta .
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KEY BASED ON LEAF EPIDERMAL ANATOMY 
FOR FOOD HABITS STUDIES OF HERBIVORES

K ata lin  Má t r á i1, A . K o ltay2 and G y . V íz i1

1 D E P A R T M E N T  F O R  G A M E  B I O L O G Y  O F  T H E  U N I V E R S I T Y  F O R  A G R I C U L T U R A L  S C I E N C E S ,

G Ö D Ö L L Ő , H U N G A R Y

2 D E P A R T M E N T  F O R  B O T A N Y  A N D  P L A N T  P H Y S I O L O G Y  O F  T H E  U N I V E R S I T Y  

F O R  A G R I C U L T U R A L  S C I E N C E S ,  G Ö D Ö L L Ő , H U N G A R Y

(R eceived: 10 D ecem ber 1985)

T he m icroanatom ical ch ara c te ris tic s  of 2 pine, 110 d ico ty led o n  an d  26 m ono­
co ty led o n  p la n t epiderm is w ere described  and  ordered in  a tax o n o m y  key . R esu lts 
are  p resen ted  as a series o f descrip tions an d  accom panying p h o to s. T h is key  has been 
used  fo r th e  d ie t analyses o f wild h e rb iv o res on the  bases o f esophagus-, ru m en c o n te n t 
an d  feces.

In tro d u c tio n

M icrohistological analyses o f esophagus- ( B r y a n t  et al. 1980), s to m ach co n ten t ( H o l i -  

s o v A  e t al. 1982, M á t r a i  et al. 1983) and  feces ( S e x s o n  1981) hav e  b een  w idesp read ly  used  
fo r q u a li ta t iv e  and  q u a n tita tiv  e s tim a tio n  o f herb ivores diets. T hese  m eth o d s are  based  on 
th e  c h arac te ris tic s  of ep iderm al tissues p re se rv ed  in the  d igestive  tra c t.  F o r th e  species 
id en tif ic a tio n  of th e  epiderm is tissues deriv ing  fro m  th e  digestive t r a c t  o f herb ivo res a  reference 
p la n t co llection  should he m ade in  th e  o rig ina l h a b ita t.  Species o f th e  reference collection  are 
f ir s t  id en tified  b y  classical tax o n o m ic  m eth o d s , th a n  ch aracteris tics o f th e  ep iderm is tissues 
o f kno w n  p la n t  species are described an d  o rd e red  in  a taxonom ic key .

T axonom ic  keys were p rep ared  b y  S t e w a r t  (1965) and L i v e r s i d g e  (1970), L e n s i n g  

(1980) to  g rass species of some a reas o f A frica.
T he a im  of th is  s tu d y  is to  describe a tax o n o m ic  key conta in ing  m ain ly  of p la n t species 

o f an  a r tif ic ia lly  afforested  pine h a b ita t  com m on in H ungary .

Study a rea

T he s tu d y  area  was a p a r t  (64 ha) o f th e  R esearch  Area (3200 ha ) of th e  G am e Biology 
R esearch  S ta tio n , U n iversity  o f A g ricu ltu ra l Sciences, situ a ted  30 k m  E a s t o f B u d ap es t, a t  
th e  Gödöllő foothills. E lev a tio n  ranges from  100 to  250 m. A verage a n n u a l ra in fa ll and  te m ­
p e ra tu re  a re  569 m m , 9.9 °C re spec tive ly . Y e a rly  f lu c tu a tio n  of ra in fa ll an d  tem p e ra tu re  is 
s ig n ifican t. Soil is chalky  sand. T his a rea  is in ten siv e ly  used b y  red  deer (Cervus elaphus L .) 
a n d  roe d eer (Capreolus capreolus L .) th ro u g h o u t th e  year.

T he sco tch  fir  (P inus silvestris L .) an d  th e  sourcherry  (P ru n u s serotina  L .) w as in tro ­
duced  10—12 y ears ago. The pine h a b ita t  (64 h a ) is su rrounded  by  old fo rests o f acacia (Robinia  
pseudoacacia  L .), oak (Quercus sp .) and  asp en  (P opulus  sp.). The p la n t  co m m u n ity  (Soó 1980) 
o f C ynodonti—Poetum  angustifoliae  (48% ), Arrhenatheretum  elatioris (22% ) an d  S isym brion  
o ffic in a lis  (9 % ) spots am ongst Festuco vaginatae—P in ion , A stragalo-Festucetum  rupicolae  (11% ) 
a n d  B rom etum  tectorum  (6 % ) are p re sen t in u n d is tu rb ed  com m unities
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Materials and methods

P la n t species c o n su m ed  b y  large wild herb ivo res w ere p re fe rred  for the  reference 
co llection . All those p la n t  species were collected w hich  w ere seen to  be  g razed  or brow sed by  
ro e  or red  deer. The o rig in a l reference collection was la te r  com ple ted  by  those  species w hich 
w ere found  in the  ru m en  c o n te n ts  o f roe deer.

L eaves and stem s w ere  collected from  each p la n t  species. T h ey  w ere reserved in  30 per 
c e n t e th an o l or 4 per c en t fo rm a lin  u n til e lab o ra tio n  could  be carried  ou t.

E piderm is frag m e n ts  w ere  p repared  and  sta in ed  b y  m eth o d s of S á r k á n y  e t al. (1957). 
P h o to s  were m ade of each  ep iderm is.

F o r the  tax o n o m ic  k e y  th e  p lan t species w ere a rran g ed  by  th e ir  anatom ical featu res 
o f  th e  abax ial epiderm is.

Results

K ey to  2 P in e , 110 D icoty ledon  an d  26 M onocoty ledon  species 
from  H u n g ary  b a se d  on the  an a to m y  of th e  ab ax ia l le a f  epiderm is

A  Cells of epiderm is re g u la r ly  shaped , s to m a ta  a rran g ed  in  row s w ith  th e ir  pores paralle l
to  the  lo n g itud inal ax is  o f l e a v e s ...................................................................................................  I

В  Cells of epiderm is irreg u la rly  shaped , w ith  sm oo th , sligh tly  w aved  or lobed walls.
G uard  cells k id n ey -sh ap e d  .................................................................................D IC O TY LED O N S

I a Silica cells, h a irs , p a p illa e  in the  costal a n d  in te rco s ta l zones m ay  also be presen t.
G uard  cells m o stly  b o n e - s h a p e d .............................................................. M O NOCO TY LEDO NS

b Silica cells, ha irs , p a p illa e  in  th e  costal an d  in te rco s ta l zones ab sen t. S to m ata  s itu a ted
n ear to one a n o th e r. G u a rd  cells k id n e y - s h a p e d ..............................................................................
............................................................................................  Pinus silvestris L., Pinus nigra A rn.

В D icotyledons

1 a  H airs p r e s e n t .............................................................................................................................................  2
b  H airs absen t .............................................................................................................................................  63

2 a H airs un icellu lar ...................................................................................................................................  3
b U nicellu lar an d  g la n d u la r  hairs p resen t .....................................................................................  17
c U nicellular and  tra n sv e rse ly  sep ta ted  (un ise ria te ) ha irs p re sen t ...................................  27
d U nicellular, u n ise r ia te  a n d  g landu lar ha irs p r e s e n t ................................................................ 30
e H airs u n is e r ia te ........................................................................................................................................  35
f  U niseriate  and  g la n d u la r  ha irs p resen t .....................................................................................  38
g Fasciculate ha irs p r e s e n t ...................................................................................................................  48
h  C andelabra ha irs  re sem b lin g  superim posed ste lla te  ha irs w ith  3 -4  /г of w all-th ickness

and  un iseria te  s ta lk e d  g lan d u la r hairs w ith  m ultice llu la r heads p r e s e n t .....................  50
i S te lla te  hairs p re se n t ........................................................................................................................  51
j P e lta te  hairs p re sen t. R ay s th in-w alled , soft. H a irs  fo rm ing  a dense covering on th e

epiderm is ....................................................................................................  Elaeagnus angustifolia L.
k Shaggy hairs w ith  p o in te d  apices accom panied  b y  hooked ones. Thickness of walls

6 -8  fi. G landular h a irs  w ith  uniseria te  sta lk s  an d  un ice llu la r h ead s p resen t (Fig. 1) . . .
................................................................................................................................  Picris hieracioides L.

1 H airs form ing w eb-like  covering ...................................................................................................  55
m  Uni- and m u ltice llu la r  pap illae  m ostly  on th e  ribes p resen t. Cells w ith  lobed walls 

........................................................................................................................... Saponaria officinalis L.
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О

3 a 
b

4 a 
b
c

b
6 a

b
7 a

9 a 
b

10 a 
b

11 a

12

13

14

15

1 6

Papillae  an d  g lan d u la r hairs w ith  u n ise ria te  s ta lk s  an d  u n ice llu lar heads w ith  a ro u n d  
bases m in. 10 [Л in  d iam eter. L ast haircells a n d  heads o ften  b ro k en  down. E p id e rm al 
cells lobed ................................................................................................. A m aran th u s  re tro flexus L.
G landular h a irs  p re sen t ....................................................................................................................  58
E p iderm al cells l o b e d ...........................................................................................................................  4
E piderm al cells sm ooth- o r sligh tly  w avy-w alled  ..................................................................  11
H airs m in. 10-tim es longer th a n  th e  m ax. w id th  ..................................................................  5
Sm ooth-w alled  h a irs  w ith  p o in ted  apices 4—10-tim es longer th a n  th e  m ax. w id th  8 
H airs m ax. 4 -tim es longer th a n  th e  m ax. w id th  occurring  on th e  ribes w ith  grooved
surfaces and  b lu n t apices ..................................................................................................................  9
W avy-w alled  h a irs  w ith  ro u n d ed  apices on m arg in s p resen t. W id th  on the  bases m in .
80 (Л .............................................................................................................  Mycelis m uralis (L .) D un.
H airs w ith  p o in te d  apices on th e  lam ina everyw here  p r e s e n t ........................................... 6
Soft ha irs th in -w alled , w id th  a t  th e  bases m ax . 80 {Л ............ C ynoglossum  officinale L.
Thickness o f w alls 2 -6  /л ....................................................................................................................  7
Soft hairs sm ooth-w alled  w ith  a m ax . 80 /i in  d iam e te r  a t  th e  ro u n d  b a s e s ........................
.................................................................................................................................. A nchusa officinalis L.

R igid hairs w avy-w alled  w ith  a 10-20 [Л in  d iam e te r  a t  th e  po lygonal bases. H a irs  
o ften  b roken  n ear th e  bases an d  th e  short b its  o f ha irs dark  coloured  occurring m o stly
on th e  lam ina  w ith  a 8-12 [Л in  d iam ete r ........................ M elilotus a lbus Desr. ap. L am .
Stem  epiderm is of sho rt, m ore or less square  cells form ing a ring  a round  s to m a ta .
On th e  lam in a  s to m a ta  s itu a te d  close one to a n o th e r  ........................................  P ru n u s  sp.
S tem  epiderm is a n d  lam ina  have  n o t any  fe a tu re s  as above. H a irs  th in -w alled , w id th
on the  bases m ax . 20 (Л ....................................................................... L epidium  cam pestre R . Br.
Sm ooth , th in -w alled  hairs. Bases m in. 20 /л w ide ............................. Viola arvensis M urr.
H airs w avy-w alled  ................................................................................................................................ 10
H airs th in -w alled  ..............................................................................  T a rax an u m  officinale W ebb
Thickness o f w alls: 3 -4  /л ..................................................................  V eronica hederaefolia L.
Sm ooth-w alled  ha irs m in. 10-tim es longer th a n  th e  m ax. w id th  w ith  po in ted  apices on
th e  ribes. M eans w all-th ickness 8 /л ........................................... C rataegus m onogyna Jacq .
H airs w ith  b lu n t apices 5 10-tim es longer th a n  th e  m ax. w id th  .........................................  12
H airs w ith  b lu n t apices m ax. 5-tim es longer th a n  th e  m ax. w id th  ................................... 13
H airs v a ry in g  in len g th  ....................................................................................................................... 14
R igid , sm ooth-w alled  ha irs w ith  bases form ing a  ring  of 16 /.i in  d iam ete r on m eans
..........................................................................................................................................Populus X ro b u sta

Soft, w avy-w alled  ha irs , bases n o t as above .................................. G leditsia triacan th o s L.
D iacytic  ty p e  of s to m ata . W avy-w alled  hairs w ith  a th ickness o f 4 /1  on m e a n s ..........
...............................................................................................................  D ian tlius giganteiform is B orb .

P a racy tic  ty p e  of s to m ata . Sm ooth-w alled  h a irs  w ith  a th ick n ess of 8 /л on  m eans
................................................................................................................................................. Salsola k a li L.

H exacytic  ty p e  of s to m ata . Sm ooth-w alled  h a irs  on  th e  ribes w ith  a th ickness o f 2 /л
on m eans ............................................................................................................................V inca m inor L.
H airs sm ooth-w alled  ...........................................................................................................................  15
H airs w avy-w alled  w ith  a th ickness of 2 /л on m ean s A n th riscus silvestris H offm .
H airs on th e  ribes w ith  a th ick n ess of 4 /л on m ean s ...................R h am n u s ca th articu s L.
H airs over all on  th e  l a m i n a .............................................................................................................  16
H airs w ith  h a rsh  surfaces an d  a w all-th ickness o f 2 (.i on m eans sea ted  on pedesta ls o f
several ep iderm al cells and  s itu a te d  more or less in  paralle l b an d s ........................................
..................................................................................................................................  Selinum  carvifolia L.

H airs w ith  p la in  surfaces an d  th in  or 4 -8  f i  th ick n ess of walls . . . E ch ium  vulgare L.
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Fig. 1. P icris hieracioides, leaf, a b a x ia l surface, b a r  scale: 50 fim

Fig. 2. Sa lvia  nemorosa, leaf, a b a x ia l surface, b a r scale: 50 //in

Fig. 3. Solanum nigrum, leaf, abaxial surface, bar scale: 50 fim
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17 a E piderm al cells w ith  lobed walls .................................................................................................... 18
b E piderm al cells w ith  sm ooth or s lig h tly  w aved w a l l s ............................................................ 22

18 a G lands of sm alle r an d  larger sizes, w id th  of the  la t te r  40-80  (i a t  th e  bases equal th e
com plete len g th  o f th e  sm aller ones, a n d  segm ented s ta lk s  a n d  u n ice llu la r heads. Sm aller 
glands w ith  u n ice llu la r heads a n d  u su a lly  un icellu lar sta lk s . Soft covering  hairs th in ,
sm ooth-w alled. W id th  a t th e  b ases 8 -1 6  [i w ide ............................... G eranium  phaeum  L.

b  All glands o f e q u a l sizes ....................................................................................................................  19
19 a S hort s ta lked  g lan d s w ith  heads com posed  of cells rad ia lized , covering  b y  cuticle sh a rp ly

separa ted  fro m  th e  epiderm al cells. Sm ooth-w alled c lo th in g  h a irs  w ith  a bases fo rm ing
a ring  of 30-40  /л in  d iam eter ............................................................ C onvolvulus arvensis L.

b  G lands w ith  u n ice llu la r heads a n d  sm ooth-w alled  c lo th ing  h a irs  p re se n t ................  20
20 a G lands w ith  u n ice llu la r sta lks ......................................................................................................... 21

b  U niseriate  s ta lk e d  glands. C lo th ing  h a irs  of 2 d is tin c t sizes: th ick n ess of longer 8 /л on
m eans w ith  a m in . 5-tim es d im en sio n  of th e  sho rte r o n e s ......................Geum  urbanum  L.

21 a G lands w ith  sp h erica l heads. C lo th ing  h a irs  w ith  a 20-24  [i in  d ia m e te r  a t  th e  po lygonal
bases. T h ickness o f walls 4 fi on  m eans. Bases w ith  sh o r t  h a irs-rem ain d ers  occurring
often  on th e  lam in a  ..............................................................................  V icia te trasperm a Schreb.

b G lands w ith  con ical heads o ften  co n sistin g  of 2 layers o f cells. Sm ooth-w alled  c lo th ing
hairs 4 -10-tim es longer th an  th e  b ases-w id th  occurring m o stly  on  th e  ribes ...................
............................................................................................................................................Quercus cerris L.

G lands w ith  m u ltice llu la r h e a d s ......................................................................................................  23
G lands w ith  u n ice llu la r  h e a d s ...........................................................................................................  27
H eads com posed of cells rad ia lized  covering by  cu tic le  sh a rp ly  sep a ra ted  from  th e
epiderm al c e l l s .......................................................................................................................................... 24
H eadcells n o t as above ....................................................................................................................... 25
T hin-w alled c lo th in g  hairs soft, sm o o th , fairly  en larged  a t  th e  ro u n d  bases. H a irs
form ing a dense  covering  on th e  ep id e rm is .............................................  C annabis sativa L.
Few  th ick  a n d  sm ooth-w alled  h a irs  w ith  a bases n o t as above  . . . .  A cer cam pestre L.
G lands w ith  u n ice llu la r s ta lk s .........................................................................................................  26
G lands w ith  m u ltice llu la r sta lks. T h in , sm ooth-w alled c lo th in g  h a irs  4—10-tim es longer
th a n  the  m ax. w id th  w ith  rough  su rfaces occurring m o stly  on th e  rib es ............................
.......................................................................................................................................... Sam bucus nigra L.

Clothing h a irs  o f vary in g  len g th  th in , w avy-w alled w ith  d o tte d  surfaces su rrounded
b y  a rose tte  o f m ore epiderm al cells a t  the  b a s e s .................  K n a u tia  arvensis Coult.
G lands w ith  sp h erica l, m u ltice llu la r heads and n a rro w ed , u n ice llu la r stalks. Sm ooth- 
walled c lo th ing  h a irs  of v a ry in g  le n g th  w ith  c ap ita te  or sh a rp -p o in ted  apices an d
rounded  bases ................................................................................................................  U rtica dioica L.

c G lands, each  h a v in g  an e llipso idal, m ulticellu lar, c lu b -sh ap ed  h ead  and un icellu lar 
s ta lk  w ith p a ra lle l walls. C lothing h a irs  rig id  w ith  reg u la rly  w av ed  w alls, a w id th  of 8 ц  
on m eans a n d  a bases form ing a g irdelle  of 20-24 /л in  d iam e te r  T rifolium  arvense L.

27 a E piderm al cells w ith  lobed w alls. T h in , w avy-w alled h a irs  w ith  rou n d ed  apices an d
rough  surfaces, 4—10-tim es longer t h a n  th e  bases-w idth  (F ig . 2) . . .  Salvia nem orosa L. 

b  E piderm al cells w ith  sm ooth or s lig h tly  w aved w a l l s ...........................................................  28
28 a  D iacy tic  ty p e  o f s to m a ta . T h in -w alled  ha irs w ith  b lu n t ap ices ...................................... 29

b T ype of s to m a ta  n o t typical. T h in , w avy-w alled ha irs sm o o th , som etim es b ranched ,
w ith  b lun t ap ices, 2-10-tim es lo n g er th a n  th e  m ax. w id th  . . P im pine lla  saxifraga L.

29 a R ig id  hairs w av y -w alled  w ith  d o tte d  surfaces, 2-10 tim es longer th a n  th e  m ax. w id th
...................................................................................  Silene otites W ib. ssp. hungarica  W rigley

b Soft hairs w av y-w alled  w ith  p la in  su rfaces, m ax. tw ice lo n g er th a n  th e  bases .................
.................................................................................................................................. T un ica  proliféra Scop.

22 a 
b

23 a 

b
24 a 

b
25 a 

b

26 a 

b
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Fig. 4. Teucrium  chamaedrys, leaf, ab ax ia l surface, b a r  scale: 50 //m

Fig. 6. Cucubalus baccifer, leaf, ab ax ia l surface, b a r  scale: 50 /¿m

F ig. 5. L eonurus cardiaca, leaf, ab ax ia l surface, b a r  scale: 50 //m
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30 a E piderm al cells w ith  lobed walls .................................................................................................... 31
b E piderm al cells w ith  sm ooth  or s lig h tly  w aved w alls. Sm ooth  w alled clo th ing  hairs

w ith  po in ted  ap ices, rounded  bases, knobbed  a t  th e  tran sv erse  sep ta . T hickness of
walls 4 -8  fi. G lands w ith  sh o rt u n ice llu lar sta lks and  m u ltice llu la r h e a d s ..........................
................................................................................................................................................ B allota n ig ra  L.

31 a G lands consisting  of sm aller and  la rg e r sizes, w id th  o f th e  la t te r  a t  the  bases a t  lea s t
th e  com plete le n g th  of the  sm alle r ones, w ith sm o o th  w alls and  constric tions a t  th e  
transverse  sep ta . S m alle r g lands w ith  unicellu lar s ta lk s  a n d  3-4  cellu lar heads. C loth ing
hairs w ith  ro u n d ed  apices (F ig. 3 ) ...................................................................Solanum  n ig rum  L.

b G lands w ith  u n ice llu la r  sta lks an d  uni- or m u ltice llu lar heads. The la t te r  com posed of 
cells rad ia lized , covering  by cu tic le  sh a rp ly  sep ara ted  fro m  th e  epiderm al cells. Sm ooth
w alled clo th ing  h a irs  w ith  po in ted  a p ic e s ................................................................................... 32

c G lands w ith  u n ice llu la r sta lks and  heads ...................................................................................  33
32 a G lands w ith  sp h erica l heads. Segm ented  hairs w ith  k n o b b ed  tran sv erse  sep ta , m an y

tim es longer th a n  segm entless ha irs . Thickness of w alls: 1-2  u, ...............................................
.....................................................................................................................................  Galeopsis te tra h it  L.

b  G lands w ith  e lo n g a ted  heads. C loth ing hairs w ith  3—4 [i w all-th ickness and  d o tte d  
surfaces. The sh o rt segm entless h a irs  f i tte d  to the  lam in a  T hym us glabrescens W illd .

33 a T hin-w alled c lo th in g  hairs. Segm entless, rig id  ha irs w ith  s tr ia te d  surfaces and  com ­
m only broken  n e a r  th e  bases som etim es shortly  b ran ch ed . Segm ented  ha irs soft. Con­
ten ts  flowed fro m  g lands som etim es form ing w eb-like covering  on th e  l a m i n a .................
.........................................................................................................................  Crépis rhoeadifolia M. B.

b  W all-th ickness o f c lo th ing  ha irs 4—8 fi ........................................................................................ 34
34 a Soft clo th ing  h a irs  w ith  p lain  surfaces. W id th  of g lan d h ead s  m ore or less tw ice g rea ter

th a n  th a t  of th e  s ta lk s  (Fig. 4 ) ............................................................T eucrium  cham aedrys L.
b  E rec t c lo th ing  h a irs  w ith  d o tte d  surfaces. Segm ented  ha irs  m any  tim es larg e r th a n  

segm entless ones. W id th  of g lan d h ead s n o t or s lig h tly  g re a te r  th a n  th a t  o f th e  sta lks 
........................................................................................................... C alam in tha  clinopodium  F ritsc h

35 a Thin-w alled b ice llu la r hairs each hav in g  a sho rt b a sa l an d  a m uch longer te rm in al
cell ...............................................................................................................................................................  36

b H airs consist o f  v a ry in g  len g th  of cells. D iacytic  ty p e  o f s t o m a t a .................................  37
36 a R igid  te rm in al cells p o in ted  .......................................................................  A m orpha fru ticosa  L.

b Soft te rm in al cells freq u e n tly  b ro k en  aw ay  from  th e  b asa l cells .............................................
................................................................................................................................Robiiba pseudoacacia L.

37 a Sm ooth walls h a irs  soft, k n o b b ed  a t  th e  tran sv erse  sep ta  w ith  c ircle-shaped bases.
T hickness of w alls: 3—4 /1 . H airs m in . 10 tim es longer th a n  th e  m ax. w i d t h ...................
...........................................................................................................................  L ychnis coronaria  D esr.

b T hin , w aved w alls h a irs  w ith  ro u n d ed  apices and m ark e d ly  sh o rt basal cells 5-10 tim es
longer th a n  th e  m ax . w id th  ................................................................................... Silene nutans L.

38 a E p id erm al cells w ith  lobed walls ................................   39
b E p iderm al cells w ith  sm oo th  or s lig h tly  w aved w a l l s ..................................................  46

39 a H airs m in. 10 tim es  longer th a n  th e  m ax. w id th  ...........................................................  40
b H airs (2) 5-10 tim es longer th a n  th e  m ax. w id th  ..................................................... 41
c H a irs  of v a ry in g  len g th  ....................................................................................................................  44

40 a G lands w ith  u n ice llu la r  s ta lk s  a n d  m ultice llu lar h ead s com posed of cells rad ia lized  
covering by  cu tic le  sh a rp ly  se p a ra ted  from  the  ep id e rm a l cells. Soft, sm ooth-w alled  
clo th ing  ha irs w ith  rou n d ed  apices k n o b b ed  a t  th e  tran sv e rse  sep ta. Thickness of walls
4-8  / г ..............................................................................................................................  Fraxinus om us L.

b G lands as a b o v e  a n d  w ith  u n ice llu la r heads. R igid, sm ooth-w alled  c lo th ing  ha irs w ith  
p o in ted  apices (F ig . 5) ...................................................................................  Leonurus cardiaca I,.
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Fig. 7. Veronica spicata, leaf, ab ax ia l surface, b a r  scale: 50 f im

Fig. 8. Leontodon h isp idus, leaf, abax ia l surface, ba r scale: 50 fim.

Fig. 9. Berteroa incana, leaf, abaxial surface, bar scale: 50 pm
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c G lands of tw o  form s: w ith u n ice llu la r  sta lk s , b icellu lar, ellipsoidal heads a n d  m u lt i­
cellular s ta lk e d  w ith  un icellu lar h ead s . C lothing ha irs sm ooth-w alled , k n o b b ed  a t  th e
tran sv erse  se p ta  w ith  4-12 [i w all th ick n ess occurring  m ain ly  on th e  stem s ......................
.......................................................................................................................................  Artemisia annua L.

41 a G lands a n d  c lo th in g  hairs of s im ila r  len g th , k n o b b ed  a t  th e  tran sv erse  sep ta  . . . .  42
b G lands m a n y  tim es shorter th a n  th e  c lo th ing  hairs. C lothing hairs sm ooth-w alled  w ith  

po in ted  ap ices .......................................................................................................................................... 43
42 a Sm ooth , th in -w alled  hairs. W id th  on  th e  bases 30-40 [i . . .  M elandrium  a lbum  G arcke  

b W aved  w alls h a irs  w ith  2-4 [i o f  w a llth ickness. W id th  on th e  bases m in. 40 fi (F ig . 6)
................................................................................................................................ C ucubalus baccifer L.

43 a B iseria ta  s ta lk e d  glands w ith  u n ice llu la r  heads each hav ing  tw o b lu n t apices. H a irs
w ith  k n o b b ed  w alls a t  the tra n sv e rse  sep ta  an d  prolonged term inal cells ...........................
....................................................................................................................................... A m brosia e la tio r  L.

b G lands w ith  u n ice llu lar sta lks a n d  u n ice llu lar, flash -shaped  heads. C loth ing h a irs  w ith
an g u la r bases a n d  m arkedly  sh o rt b a sa l cells. Thickness o f walls: 2 -4  /n .............................
................................................................................................................................... S lenactis a n n u a  Nees

44 a E ach  g lands m an y  tim es sh o rte r th a n  c lo th ing  ha irs .........................................................  45
b G lands consisting  of sm aller a n d  m a n y  tim es larg e r sizes, w id th  of th e  la t te r  m in . 24 fi

on th e  bases w ith  th in , slig h tly -w av ed  Avails and  rou n d ed  apices. Sm aller g lands w ith  
un ice llu lar s ta lk s  and  bicellular h e ad s  (F ig. 7 ) ........................................ V eronica sp ica ta  L.

45 a G lands w ith  uniceO ular sta lks a n d  b ice llu lar heads. S lightly-w aved walls c lo th in g  h a irs
w ith  b lu n t apices an d  do tted  su rfaces. T h ickness o f w alls: 5-8 fi ...........................................
.................................................................................................................................. V eronica o fficinalis L.

b G lands w ith  un ice llu lar heads a n d  un i- or m u ltice llu lar or m u ltiseria te  sta lk s . S m o o th , 
th in -w alled  c lo th in g  hairs k n o b b e d  a t  th e  tran sv erse  septa w ith  prolonged te rm in a l 
cells an d  m ark e d ly  short basal cells. B iseria te  h a irs  occurring  on th e  stem s o ften  b ro k e n  
n ear th e  bases ...............................................................................................Solidago v irg a -a u rea  L.

46 a G lands sim ila r to the  clo th ing  h a irs . Sm ooth-w alled  ha irs o f v a ry in g  len g th  w ith
rounded  apices knobbed  a t th e  tra n sv e rse  sep ta . H airs on  th e  ribes m ain ly  co n sistin g  
of tw o cells o f sim ilar sizes. T h ick n ess of walls 2 [i on m eans. D iacy tic  ty p e  of s to m a ta
................................................................................................................................ Gypsophila p an icu la ta  L

b M ulticellu lar s ta lk ed  glands w ith  u n ice llu la r heads m an y  tim es sh o rte r th a n  th e  c lo th in g  
ha irs .............................................................................................................................................................  47

47 a T hin , w aved-w alls clothing h a irs  k n o b b ed  a t  th e  tran sv erse  sep ta  w ith  p ro lo n g ed
term in al cells. H a irs  5-10 tim es lo n g er th a n  th e  m in. 40 [i bases-w id th  w ith  m a rk e d ly
sho rt cells n e a r  th e  bases ...................................................................  E rigeron  canadensis L.

b  Soft, sm o o th -w alled  hairs of v a ry in g  len g th  w ith  b lu n t apices an d  d o tte d  surfaces. 
Thickness o f  w alls: 1-2 /ii, w id th  o n  th e  bases m in. 30 /li. Som etim es b ise ria te  cells n e a r 
th e  ro u n d  b a s e s .................................................................................................  C ichorium  in ty b u s L.

48 a U nicellu lar s ta lk e d  hairs ..................................................................................................................... 49
b  M u ltiseria te  s ta lk ed  hairs. G lands occurring  on th e  lam ina  w ith  m ultice llu la r s ta lk s

and  u n ice llu la r heads. E p iderm al cells w ith  lobed walls (Fig. 8) Leontodon hisp idus L.
49 a E p id erm al cells w ith  lobed w alls. D esm ocy tic  ty p e  of s to m ata  ..........T u rritis  g lab ra  L.

b  E p id erm al cells w ith  s tra ig h t w alls .........................................................  A rabis h irsu ta  Scop.
50 a E p id erm is s lig h tly  hairy . E p id e rm al cells w ith  w aved  w a l l s ......... V iburnum  la n ta n a  L.

b H airs fo rm ing  a dense covering on th e  lam ina. E p id erm al cells w ith  lobed w a l l s ............
............................................................................ V erbascum  plilom oides L ., V erbascum  lychn itis  L.

51 a S te lla te  h a irs  w ith  unicellular s ta lk s . E p id e rm al cells w ith  s tra ig h t or slig h tly -w av ed
walls .............................................................................................................................................................  52

b S te lla te  h a irs  w ith  m ulticellu lar s ta lk s  an d  sm oo th  walled arm s .................................... 54
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Fig. 10. P o ten ti la  arenaria, leaf, a b a x ia l surface, b a r  scale: 50 /пи

Fig. 11. A r te m is ia  vulgaris, leaf, a b a x ia l surface, b a r  scale: 50 /m i

Fig. 12. Fraxinus excelsior, leaf, abaxial surface, bar scale: 50 fxm
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M ultia rm ed  ste lla te  hairs w ith  ro u n d  b a s e s ............................................................................... 53
T w o-arm ed ste lla te  hairs w ith  a n g u la r  bases ......................................  Cornus sanguinea L.
Sm ooth-w alled  ha irs  com m only w ith  b ra n ch e d  arm s. Thickness of w alls: 2 -4  fi (F ig. 9) 
.....................................................................................................................................  Berteroa incana DC.

W aved  w alled  ha irs  no t as above. T h ick n ess o f w alls: 6—8 fi ....................................................
................................................................E ry s im u m  erysim oides Cr., E rysim um  diffusum  E h rh .

S m ooth-w alled  s te lla te  hairs each  h a v in g  one a rm  m an y  tim es longer th a n  th e  o thers . 
G lands w ith  m ultice llu lar sta lk s  a n d  h ead s p re sen t. E p id erm al cells w ith  lobed  w alls
(F ig. 10) ....................................................................................................  Po ten tilla  a ren a ria  B orkh .
S te lla te  h a irs  w ith  filiform ed arm s. T h ick-w alled  sim ple un ice llu lar ha irs  m in. 10 tim es
longer th a n  th e  w id th  of bases also  p r e s e n t ................................................................  R ubus sp.
S h o rt s ta lk ed  h a irs  w ith  two a r m s ..................................................................................................  56
S h o rt s ta lk e d  h a irs  w ith  one arm . E p id e rm a l cells w ith  s tra ig h t walls ...................... 57
H airs w ith  un ice llu la r, calix-like s ta lk s . E p id erm al cells w ith  s tra ig h t w a l l s ...................
............................................................................................................................X eran th em u m  an n u u m  L.

H airs  w ith  m u ltice llu lar, re c tan g u la r  sta lk s . E p id erm al cells w ith  lobed  w alls (Fig. 11)
................................................................................................................................... A rtem isia  vulgaris L.

M ultice llu lar s ta lk ed  hairs. S im ple  segm en ted  a n d  segm entless h a irs  also p resen t. 
Segm ented  so ft ha irs th in  w alled  w ith  m ark ed  constric tions, b lu n t apices, ro u n d , 
m in. 80 fi. bases-w id th . R igid, sh a rp ly  p o in te d  segm entless ha irs on th e  m arg ins com m on
.......................................................................................................................................  C arlina vulgaris L.

H airs of v a ry in g  leng th  w ith un i- a n d  m u ltice llu la r sta lk s . G lands w ith  spherica l heads
also p re sen t ...................................  C en tau rea  rh e n an a  B or., C entaurea m ic ran th o s Gmel.
E p id erm al cells w ith  lobed w alls. G lands w ith  u n ice llu lar sta lks and  m ultice llu la r heads 
com posed of cells rad ia lized , cov erin g  by  cuticle  sh a rp ly  sep ara ted  from  th e  ep iderm al
cells (F ig. 1 2 ) ......................................................................................................  F rax in u s excelsior L.
E p id erm al cells w ith  s tra ig h t or s lig h tly  w aved  w alls ......................................................... 59
G lands w ith  u n ice llu lar bases .........................................................................................................  60
G lands w ith  b icellu lar, ellipsoidal b ases, un ice llu la r s ta lk s  and  heads. S to m a ta  a rran g ed
in  reg u la r lines on th e  s t e m s ............................................................................ R um ex acetosella L.
G lands w ith  u n ice llu lar sta lks a n d  h ead s ...................................................................................  61
G lands w ith  soft, m ulticellu lar s ta lk s  ..........................................................................................  62
G lands w ith  sh o rt sta lks and large  d is ten d ed  spherical heads (Fig. 1 3 ) ...............................
..........................................................................C henopodium  album  L., Chenopodium  g laueum  L.

E rec t g lands w ith  long, re c tan g u la r  s ta lk s  8-10  fi in  d iam ete r and  head s in  th e  sam e
sizes. S to m ata  a rranged  close one to  a n o th e r  (F ig. 1 4 ) ................ Q uercus ru b ra  M ichx.
G lands w ith  u n ice llu lar heads. S ta lk s  o f v a ry in g  len g th , w id th  on th e  bases 24 fi, heads
of sim ilar size (F ig. 15) ........................................................................................Sam bucus ebulus L.
G lands w ith  obconical, 3 -4  headcells. S ta lk s w ith  6 -8  [x in  d iam ete r ....................................
.........................................................................................................................  Sanguisorba m inor Scop.

E p id erm al cells w ith  lobed walls ....................................................................................................  64
E p id erm al cells w ith  s tra ig h t o r s lig h tly  w aved walls ......................................................... 68
E p id erm al cells a rranged  in r o w s ....................................................................................................  65
E p id erm al cells irregu larly  a rra n g e d  ..........................................................................................  66
D iacy tic  ty p e  of s to m ata  (F ig. 16) ....................................................... Silene cucubalus W ib.
T ype of s to m a ta  n o t as above ........................................................................Asperula taurina L.
D ezm ocytic  ty p e  of sto m ata  (F ig . 17) .............................................................  Vicia sepium L.
P a ra cy tic  ty p e  of sto m ata  ...............................................................................Nigella arvensis L.
T ype  of s to m a ta  no t as above ......................................................................................................... 67
S tain less circles n ear one to a n o th e r  in  th e  gu ard  cells ................  Ligustrum vulgare L.
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Fig. 13. C henopodium  glaucum , leaf, abax ial surface , b a r  scale: 50 fim

Fig. 14. Quercus rubra , lea f ab ax ia l surface, b a r  scale: 50 /a n

Fig. 15. Sambucus ebulus, leaf, abaxial surface, bar scale: 50 /an
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Fig. 16. Silene cucubalus, leaf, ab ax ia l surface, b a r  scale: 50 fim

Fig. 17. N igella  arvensis, leaf, ab ax ia l surface, b a r  scale: 50

Fig. 18. Viscum album, leaf abaxial surface, bar scale: 50 fim
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b  E piderm is n o t as a b o v e ................................................................................................................................
A stragalus g lycyphyllos L., C am panula  persicifo lia  L., L actuca serrio la  T orr., L ac tuca  
quercina L ., P e tro se lin u m  hortense H o ffm ., T h alic tru m  m inus L ................................................

68 a T ype of s to m a ta  ty p ic a l ....................................................................................................................  69
b T ype of s to m a ta  n o t  as above ......................................................................................................... 70

69 a D iacytic  ty p e  of s to m a ta . E p id erm al cells m ore  or less in regu lar squ are  or re c tan g u la r
form s ...........................................................................................................  V iscaria vulgaris B ernh .

b  P aracy tic  ty p e  of s to m ata  (Fig. 1 8 ) ................................................................ V iscum  album  L.
70 a Sm all s ta ined  c ircles near the  s to m a ta ....................................................................................................

.................................................................... E u o n y m u s europaeus L ., E u o n y m u s verrucosus Scop.
b  E piderm is n o t as a b o v e ................................................................................................................................

Berberís vu lgaris L ., Chondrilla ju n ce a  L ., D ic tam n u s albus L ., Po lygonum  av icu lare  L ., 
Seseli leucosperm um  W. et К ., Seseli v a riu rn  T rev ., Seseli osseum  Cr. em . S im k., T rag o ­

pogón orien talis L.

I  a M onocotyledons

1 a M acrohairs p re se n t ...............................................................................................................................  2
b  M acrohairs a b s e n t .................................................................................................................................... 14

2 a W alls of m ac ro h a irs  sinous. P rickle  h a irs  a n d  silica cells absen t. Cell w alls of ep iderm al
cells w avy (F ig . 1 9 ) ...........................................................................................................Carex h ir ta  L

b  W alls of m ac ro h a irs  sm ooth. Silica cells p r e s e n t ..................................................................... 3
3 a Prickle ha irs p re se n t ............................................................................................................................. 4

b  Prickle ha irs a b se n t ...............................................................................................................................  10
4 a M acrohairs p re se n t in  in tercostal zones .......................................................................................  5

b  M acrohairs a b se n t from  in tercostal z o n e s ...................................................................................  9
5 a B icellular m ic ro h a irs  and pap illae  p re sen t. T h ickness of m acro h air w alls 3 -4  ¿¿; th e ir

prox im al ends m ark e d ly  narrow ed. M icrohairs w ith  m inute  basal cells m uch  sh o rte r
th a n  apical cells .............................................................................................Cynodon dactylon Pers.

b B icellular m ic ro h a irs  and  papillae a b s e n t ..................................................................................... 6
6 a P rick le  ha irs in  in te rco s ta l zones p re se n t ..................................................................................... 7

b  Prickle ha irs f ro m  in tercosta l zones a b se n t. M acrohairs soft. Long cells in  in te rco s ta l
zones h ex agonal w ith  sm ooth w a l l s ...................................................................B rom us m ollis L.

7 a Long cells in  in te rc o s ta l  zones re c ta n g u la r  w ith  sinous walls ...........................................  8
b  Long cells in  in te rc o s ta l zones e llip tic a l-sh ap ed  w ith  sm ooth walls. S h o rt m acrohairs

soft ..................................................................................................................................  P oa  nem oralis L.
8 a M acrohairs co n sis tin g  of sim ilar k in d s: r ig id  w ith  rounded  apices .........................................

.............................................................................................................................. A lopecurus p ra tensis L.
b  M acrohairs co n sis tin g  of d ifferent k in d s: so ft, th in -w alled  in  in te rco s ta l zones; rig id , 

th ick-w alled  in  co sta l zones ................................................  B rachypodium  silvaticum  B eauv .
9 a P rick le  hairs p re se n t in  in te rcosta l zones. M acrohairs soft and  r i g i d ......................................

............................................................................................................. B rachypodium  p in n atu m  B eauv .
b Prickle ha irs a b se n t from  in te rco sta l zones. M acrohairs erect, r i g i d ......................................

........................................................................................................................... A pera sp ica-ven ti B eauv .
10 a Silica cells p re se n t in  in te rcosta l zones .......................................................................................... 11

b Silica cells a b se n t fro m  in tercosta l zones. Long cells in  in te rco s ta l zones sm ooth-
walled ........................................................................................................................................................  12

I I  a Cell walls o f long  cells in in te rcosta l zones w avy . L ong, soft an d  sh o rte r, rig id  m acro ­
ha irs p resen t in  co sta l zones ............................................................................... Stipa cap illa ta  L.

b  Cell walls of long  cells in in te rco s ta l zones sm ooth . R igid m acro h airs  ab sen t from  
costal zones .............................................................................................................  B rom us sterilis L.
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Fig. 19. Carex hirta, leaf, ab ax ia l surface, ba r scale: 50 fata

Fig. 20. A rrhenatherum  elatius, leaf, ab ax ia l surface, b a r scale: 50 /mi

Fig. 21. Asparagus officinalis, leaf, abaxial surface, bar scale: 50 /an
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24 a 
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25 a 
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M acrohairs soft .......................................................................................................................................  13
M acrohairs rig id . L ong  cells r e c ta n g u la r ................................................  T riticum  aestivum  L.
Long cells re c ta n g u la r  ..................................................................  M elica transsylvanica Schur
Long cells hex ag o n a l .......................................................................................... Brom us tec to ru m  L.
L am ina d iv ided  in to  long itu d in a l zones .....................................................................................  15
L am ina  u n d iv id ed . P rick le  ha irs , silica cells ab sen t .............................................................. 25
Silica cells p re sen t in  in te rco s ta l zones ........................................................................................  16
Silica cells a b se n t fro m  in te rco sta l zones ...................................................................................  18
Prick le  hairs p re se n t ...........................................................................................................................  17
Prick le  ha irs a b se n t. Long cells th in -w alled , sinous in  in te rco s ta l zones. S ubsid iary
cells p ro m in en tly  tr ia n g u la r  .......................................................................................... Zea M ays L.
Long cells sm o o th -w alled , e llip tical in  in te rco s ta l zones ........................  Poa pra tensis L.
Long cells w avy  w alled , rec tan g u la r in in te rco s ta l zones . . A gropyron repens B eauv .
Prick le  hairs p re se n t in  in te rco s ta l zones ...................................................................................  19
Prick le  hairs a b se n t fro m  in te rco sta l zones ..............................................................................  21
B icellu lar m icrohairs p re sen t ........................................................................................................... 20

B icellu lar m icrohairs ab sen t. Cell walls of long cells in in te rco s ta l zones th in , w av y
(Fig. 2 0 ) ............................................................................... A rrh e n a th e ru m  elatius (L .) C. Presl.
P ap illae  p resen t. B ice llu lar m icrohairs w ith  m uch  sm aller b asa l cells narrow ed a t  th e  
p rox im al end. P rick le  ha irs  w ith  po in ted  apices in  co sta l zones, w ith  rounded  ones in
in tercosta l zones. Silica cells sadd le-shaped  ...................... C alam agrostis epigeios R o th .
P ap illae  ab sen t. B ice llu la r m icrohairs w ith  sim ilar cells. Silica cells dum bell-shaped
....................................................................................................................................  Setaria viridis B eauv .

Long cells in in te rc o s ta l  zones h e x a g o n a l ...................................................................................  22
Long cells in in te rc o s ta l  zones r e c ta n g u la r ................................................................................. 23
B icellu lar m icrohairs w ith  sim ilar cells p resen t. Silica cells d u m b e ll-sh a p e d ......................
....................................................................................................................................  Setaria g lauca B eauv .

B icellu lar m icrohairs ab sen t. E lo n g a ted  silica cells w ith  n o d u la r  w a l l s .................................
..................................................................................................................................  Dactylis g lom erata  L.

Cell walls of long cells in  in te rco sta l zones s m o o t h ................................................................  24
Cell walls of long cells in  in te rco sta l zones w av y  ...................................... Poa com pressa L.
Silica cells re c ta n g u la r , w a v y -w a lle d .......................................................B rom us erectus H uds.
Silica cells sq u are , sm ooth-w alled  .........................................................  B rom us inerm is Leyss.
E p iderm al cells re c ta n g u la r  .............................................................. M uscari racem osum  Mill.
E p iderm al cells hex ag o n a l (Fig. 21) ................................................ A sparagus officinalis L.
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ALKALOID BIOSYNTHESIS 
OF C O R Y  D A L I S  C A V A  CALLUS TISSUES 

AND THE INFLUENCE OF GROWTH REGULATORS 
ON THE ALKALOID FORMATION

G i z e l l a  P e t r i , N . D . D o a n h , É v a  S z ő k e  an d  É v a  C s a p ó

SEMMELWEIS MEDICAL UNIVERSITY, INSTITUTE OF PHARMACOGNOSY,
BUDAPEST, ÜLLŐI STR. 26. H-1085 HUNGARY

(R eceived : 8 F e b ru a ry  1985)

Tissue cu ltu re s  from  th e  tu b e r  o f Corydalis cava w ere p re p are d . D ifferen t p ro ­
portions of re g u la to rs  (0-5 mg/1, 2 .4 -D , IA A , NAA an d  K in e tin )  w ere added  to  s tu d y  
th e  inner d iffe re n tia tio n  and th e  a lk a lo id  b iosynthesis in th e  3 y ea rs  old callus tissues. 
A lkaloid c ry s ta ls  an d  sta rch  g ra in s w ere d e tec ted  in  d iffe ren t cu ltu res  using  D ragen- 
dorff reagen t. T h e  form ation  p a ren c h y m a teo u s  cells an d  t ra n s p o r t  tissues were also 
different.

M edium  MS (M urashige-Skoog) con ta in ing  2 mg/1 IA A  an d  0.5 mg/1 K n  proved  
to  be op tim al fo r th e  fo rm ation  o f th e  to ta l  o f alkaloids. IA A  au g m e n ted  th e  fo rm ation  
of alkaloids as com pared  to 2.4-D  a n d  K n. T he com position  of a lk a lo id sp ec tra  are also 
influenced w ith  horm ones. T here  w ere  d e tec ted  b u lbocapn in , co ry d alin  and  unknow n 
alkaloids im d iffe re n t cases used  I IP L C  techn ique  w ith  a d d itio n a l m eth o d .

K eyw ords: T issue cu ltu re , Corydalis cava, B u lbocapn in , C orydalin

In tro d u c tio n

Callus cu ltu re  o f th e  tu h er of C orydalis cava (L .) Schweig, e t  K ö rte  (P ap av eraceae) an 
early  spring  p lan t w as collected  by  a u th o rs  in o rder to s tu d y  th e  fo rm atio n  of alkalo ids and 
in v es tig a te  the  fo rm a tio n  of calluses.

In  the  tu b er H oang (1981) have  fo u n d  n early  5% alka lo id  c o n te n t w hich is a h igh 
leve l in  C en ter-E uropean  p lan ts. The tu b e r  is official in the  Ja p a n ese  P h arm aco p o eia  (K ariy- 
ONE 1973). N early 20 a lk a lo id s can be fo u n d  in it: bu lbocapn in , te tra h y d ro p a lm a tin , corydalin  
as w ell as p ro top in  a re  o f  th e  g reatest im p o rta n ce  (Verzár-P etri a n d  H oang 1978) (F ig. 1).

M any scientics h a v e  investiga ted  th e  p o ten tia l use of p la n t tissu e  cu ltu res  in th e  field  of 
syn thesiz ing  a lkaloids u n d e r  d ifferent con d itio n s. O rganogenetic  p o te n tia l  and  b iosynthesis 
h av e  been  studied  b y  a d d in g  precursors o r horm ones to th e  m ed iu m  (Тавата 1977). An im ­
p o r ta n t  aspect of th is  s tu d y  is th a t  th e  c u ltu re d  tissues ex h ib it o ften  changes in  th e ir  m e ta b ­
olite  n o t observable in  th e  pa ren t p lan t (G ordon 1976).

Following these  id eas th e  au tho rs h a v e  in v estig a ted  th e  d iffe re n tia tio n  processes and  the  
lo ca lizatio n  of the  a lk a lo id s in the Corydalis tu b e r  tissue cu ltu res . O th e r ex p erim en ts were 
c a rried  o u t in order to  determ ine th e  a lk a lo id  fo rm atio n  of callus cu ltu res  in fluenced by  
g ro w th  horm ones.

18 A c ta  B o ta n ica  H ungarica  32, 1986 
A k a d é m ia i K ia d ó , B udapest
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OCH3

Corydalin: R 1 = R2 z R 3 = R4 z ch

Corybulbin: Ri = R 3 = R 4 = CH3 ; R
Scoulerin: R i = R 3 = R4 = H; R 2
Corypalmirv. R i = R 3 z CH3, R2 z R4

3

3

H,C

C H j

dt-Coryd in : Ri r R 3 z H ; R2 = OCH3
d l -Corytuberin: R , z R 3 z H ; R2 z OH 

1-Glaucin: R, =CH3', R2 = H; R3 zOCH3

H 2 C
^ 0
" 0

Hydrohydrastinin

F ig . 1. S tru c tu re  o f th e  m ain  alkalo ids of Corydalis

M aterials and m ethods

C u ltu re  technique

The 3 years old callu s tissues o rig in a ted  from  th e  tu b e r  o f Corydalis cava were cu ltu red  
o n  M urashige-Skoog m ed iu m  (MS) a n d  on  MS-2 (m edium  w ith o u t glycine) supp lem en ted  
w ith  d ifferent c o n cen tra tio n s  an d  p ro p o rtio n s of 2.4-D , IA A , N A A  an d  K n. All th e  cu ltu res 
w ere  m ain tained  in d a rk n ess  a t  26 °C an d  70%  re la tiv e  a ir h u m id ity .
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A t th e  end of th e  8 th  week of th e  g row th  period  th e  fresh  an d  d ry  w eights o f th e  
calluses w ere d e term ined  in e p ro u v e tte , a n d  th e  g row th  a c t iv ity  o f th e  tissues w ere co u n ted  
w ith  m eth o d s of Sz ő k e  e t al. (1979)
1. F re sh  w eight of tissue  in  gram s
2. D ry  w eight of tissue in  m illigram s

GY = P t - Po
Po

( P t =  w e ig h t o f th e  tis s u e  a t  th e  en d  o f  th e  e x p e r im e n t 
P 0 =  s ta r t in g  w e ig h t o f  th e  tis s u e  c u l tu r e  [N ic k e l  1956])

T he grow th  va lue  was calcu la ted  fo r b o th  the  fresh  an d  d ry  w eigh t of th e  tissue.
4. C on ten ts of d ry  m a te ria l of th e  tissue  in  pe r cent
5. Growth speed of tissues v iz., the daily growth of the fresh w eight o f the tissues (MarÓTI 

1976). In the experim ents performed w ith  the application o f grow th stim ulators the final 
w eight of the callus was used in the calculations.

Fig. 2. H isto ch em istry  of tran sv erse  sec tion  of callus tissue c u ltu re d  on  m edium  co n ta in ing  
1 mg/1 2.4-D  and  1 mg/1 k in e tin  p a in ted  w ith  D rag en d o rff-R

Fig. 3. Histochemistry of transverse section of callus tissue cultured on medium containing
1 mg/1 IAA and 0.5 ing/l kinetin painted with Dragendorff-R

18* Acta Botanica Hungarica 32, 1986



276 G . P E T R I  e t  a l.

F ig . 4. H istochem istry  o f  tra n sv e rse  sec tion  of callus tissue cu ltu red  on  m ed iu m  0.5 mg/1 K n 
a n d  1 mg/1 IA A  p a in te d  w ith  to lu id in  blue

F ig . 5. H istochem istry  o f tran sv erse  sec tion  of th e  tu b e r  of th e  p la n t p a in te d  w ith  D ragen-
dorff-R

T ransverse sec tio n  p re p a ra tio n s  w ere m ade  from  fresh  tissue c u ltu re s  for m icroscopic 
ex am inations. The a lk a lo id s w ere d e te c te d  w ith  h istochem ical m eth o d  u sing  m odified  Dragen- 
d o rff  reagen t or p a in te d  w ith  to lu id in  b lue  (V e r z á r - P e t r i  1972).

Chem ical analysis

The callus tissu es collected  a f te r  e ig h t weeks of in cu b a tio n  w ere liofilized, powdered 
a n d  sub jected  to  e x tra c tio n  w ith  o rgan ic  so lvent.

The tissues w ere a lka lized  w ith  25%  N H 4OH  an d  th en  5 m l ace to n ie th a n o l (7 : 3) was 
ad d ed  to the  solu tion . A fte rw ard s  th e  tissu es w ere e x tra c te d  w ith  hom o g en iza to r, the  ex trac ts  
w ere  cen trifugated  fo r 10 m in u te s  a t  4000 rp m . T he organic e x tra c ts  w ere ev ap o ra te d  and the 
residues were d issolved in  2%  H 2S 0 4. T he acidic so lu tion  was basified  w ith  25%  N H 4OH to 
p H  8 -9  and the basic  com p o n en ts  w ere chaed  o u t w ith  CHC13.
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T h e  e stim a tio n  of to ta l  a lkalo ids w as carried  ou t on a S pek tro m o m  195 sp e c tro p h o to ­
m eter, th e  o p tica l d e n s ity  w as m easu red  a t  496 nm . T he to ta l a lk a lo id  co n ten t was c a lcu la ted  
using a C orydalin  c a lib ra tio n  curve.

T he co m p onen ts o f  alkalo id  w ere e s tim a te d  by  H PLC  analy sis  carried  ou t on  L iquo- 
chrom  307, a R P-C  18 co lum n w ith  m e th an o l-0 .2%  d iam m o n iu m  h y d ro p h o sp h a te  (65 : 35). 
D a ta  o f p re p arin g  are  as follow s: The m ain  a lkalo ids were d e te c te d  w ith  ad d itio n al tech n iq u e .

A cknow ledgem ents are expressed  to  P rof. N i s h i o k a  F u k u o k a  Ja p a n  fo r th e  te s t  
m ate ria l sended.

R esults

T he callus tissues p roduced  from  th e  tu b e r  o f Corydalis cava grow  well in  d a rk n ess in 
th e  n u tr ie n t  m edium  influenced  by various horm one con cen tra tio n s . E x te rn a lly  th e re  were 
no signs o f o rganogenesis in  e ith e r of th e  e x p erim en ta l v a rian ts .

D u rin g  th e  h istochem ical ex am in atio n s th e  presence of c ry s ta ls , was observed  in  th e  
in d iv id u a l id io b la st w h ich  gave positive  a lka lo id  re ac tio n  w ith  D rag en d o rff reagen t.

T he m o st ty p ic a l p ic tu re  was seen u sin g  th e  K n/2 .4-D  com binations. The tissu es are  
very  in te re s tin g  in  case o f  th e  cu ltu re  co n ta in in g  1 mg/1 K n and  1 mg/1 2.4-D. In  th e  g ra d u a lly  
loosening tissu e  m an y  s ta rc h  grains can  be fou n d , and  yellow  a lka lo id  crystals a p p e a r  in  
special cells (F ig . 2).

In  cu ltu res  g row n on K n /IA A  n u tr ie n t  m edium  sec re to ry  cells appear (F igs 3, 4). 
S im ilar ones can  also be observed  in th e  tissue  of in ta c t  tu b e r  (F ig . 5). Cultures g row n on an  
MS n u tr ie n t  m ed ium  w ith  0.5 mg/1 K n  and  1 mg/1 IA A  ra tio  a re  m ore congested, th e ir  cells 
a re  w ell ro u n d e d  an d  D ra g en d o rff positive  cells are a t  several p laces (Table 1).

Table 1

Size o f  cells in  the different tissue cultures

H o r m o n e  r a t i o n s  

K i n e t i n  2 .4 -D

E lo n g a te d  c e lls R o u n d e d  ce ll S

p e r  c e n t l e n g th
in  /urn

w id th  
i n  /ига

p e r  c e n t l e n g t h
in

w id th  
in  /umm g/1

0.5 0 26 94 52 74 47 39
0.5 0.5 20 87 46 80 53 42
0.5 1 8 97 62 92 52 43
0.5 2 20 103 58 80 53 44
0.5 5 38 106 63 62 59 49

1 0 18 87 47 82 51 43
1 0.5 14 100 56 86 52 43
1 1 44 92 56 56 59 50
1 2 20 90 57 80 51 43
1 5 20 91 61 80 60 52

2 0 38 95 64 62 60 51

5 0 4 78 63 96 49 38
5 0.5 2 107 66 98 44 36
5 1 16 90 61 84 66 57
5 2 12 79 53 88 49 40
5 5 32 112 56 68 54 45
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I t  m ay  be concluded th a t  th e  d iffe ren t h o rm on  ra tio s  produce m ore or less d iffe ren tia ted  
t is su e  cu ltu res  th a t  are v e ry  d iffe ren t from  one a n o th e r  in  th e ir  ch arac te ris tics . In  th is  p la n t 
sp ec ies  alkalo id  c rystals w ere fo u n d  in  b o th  th e  in ta c t  o rgans and  th e  d e riv ed  tissue cu ltu res.

T ab les  2 and 3 show  th e  re su lts  o f th e  callus tissu es grow n in  d a rk n ess  in th e  basic 
m e d iu m  (MS) w ith various a u x in  an d  k in e tin  co n cen tra tio n s . The callus tissu es grow  m ost 
in te n s iv e ly  w ith the  follow ing co n cen tra tio n s o f 2.4-D , IA A  and k in e tin : 1 mg/1 K n  and 
1 m g/1 o f 2.4-D or 1 mg/1 of K n  an d  2 ± g / l  o f IA A . A pp ly ing  a larger a m o u n t o f k in e tin  and  
2 .4 -D  o r k in e tin  and IA A  c o n c e n tra tio n  th e  cu ltu res  g rew  only a l ittle  o r n o t a t  all. In  cases 
lik e  th e se  th e  tissues becam e m ore solid and  th e ir  d ry  w eigh t increased considerab ly .

In  Table 4 resu lts o f  g ro w th  of callus tissues a re  show n grow n in d a rk n ess . In  th e  period  
d u r in g  8 weeks the  fresh  a n d  d ry  w e igh t o f th e  callus tissu e  considerab ly  increased . T he d ry  
m a te r ia l  con ten t of th e  callus tissues is th e  h ig h est b e tw een  th e  f irs t an d  second weeks. On th e  
e n d  o f  th e  grow th period  th e  w a te r  co n te n t increases in  th e  cells (en la rg em en t, expansion) so 
t h a t  th e  d ry  m ateria l c o n te n t o f  th e  tissues g ra d u a lly  decreases.

Table 2

The effect o f  — k in e tin  and 2,4-D  — growth regulators on the growth 
o f  Corydalis cava callus cultures

S e r ia l  
n u m b e r  o f

C o n c e n tra t io n ,
m g /I F r e s h - w e ig h t D r y  w e ig h t  

o f  c a llu s ,  
m g /c u l tu r e

C o n te n t  
o f  d r y  

m a te r ia l ,
%

G r o w th
r a t e ,

m g / d a y

G r o w th  v a lu e  (G V ) 
r e la t in g  to

e x p e r i m e n t a l
v a r i a n t s K n 2 .4 -D

g /c u l tu r e
f r e s h  w e ig h t d r y  w e ig h t

l 0 0 1.7237 ±  0.0278 84.12 4.88 27.85 9.54 7.67
2 0 0.5 2.3945 ±  0.0123 101.53 4.24 39.84 13.64 9.47
3 0 1 2.5035 ±  0.0165 105.61 4.18 41.71 14.30 9.85
4 0 2 2.4198 ±  0.0282 96.31 3.98 40.29 13.79 8.93
5 0 5 1.8505 ±  0.1964 77.12 7.17 30.12 10.31 6.95

6 0.5 0 2.0789 ±  0.1015 104.57 5.03 34.20 11.71 9.78
7 0.5 0.5 2.4112 ±  0.0104 112.84 4.68 40.13 13.74 10.63
8 0.5 1 2.3538 ±  0.0349 108.04 4.59 39.10 13.39 10.14
9 0.5 2 2.4209 ±  0.0590 94.90 3.92 40.31 13.80 8.78

10 0.5 5 2.3661 ±  0.0552 96.77 4.09 39.33 13.46 8.98

11 1 0 2.0960 ±  0.0812 106.06 5.06 34.51 11.81 9.93
12 1 0.5 2.4927 ±  0.0911 106.69 4.28 41.59 14.24 10.00
13 1 1 2.5052 ±  0.1297 103.46 4.13 41.81 14.31 9.66
14 1 2 2.1527 ±  0.1304 89.55 4.16 35.52 12.16 8.23
15 1 5 2.0070 ±  0.0784 90.50 4.51 32.92 11.27 8.33

16 2 0 2.1429 ±  0.0850 101.79 4.75 35.34 12.10 9.49
17 2 0.5 2.1473 ±  0.1583 95.98 4.47 35.42 12.12 8.89
18 2 1 2.4234 ±  0.1650 104.45 4.31 40.35 13.81 9.77
19 2 2 2.4147 ±  0.0880 100.69 4.17 40.19 13.76 9.38
20 2 5 2.0972 ±  0.0957 89.13 4.25 34.53 11.82 8.19

21 5 0 1.0516 ±  0.1252 63.09 6.00 15.86 5.45 5.50
22 5 0.5 1.5130 ±  0.1679 72.77 4.81 24.10 8.25 6.50
23 5 1 1.3353 ±  0.1393 68.76 5.15 20.92 7.16 6.10
24 5 2 1.9570 ±  0.1667 86.69 4.43 32.02 10.96 7.94
25 5 5 2.0211 ±  0.1303 85.49 4.23 33.17 11.35 7.81
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Table 3

The effect o f  — kinetin  and I A A  — on the growth o f  Corydalis cava callus cultures

S p rin l C o n c e n t ra t io n ,
n u m b e r  o f  ™*/l

e x p e r im e n ta l
v a r i a n t s  K n  I A A

F r e s h - w e ig h t  
o f  c a llu s ,  
g / c u l tu r e

C o n te n t  G r o w th  v a lu e  (G .V .)
D r y - w e ig h t  0 f  j  G r o w th  r e l a t i n g  to

o f  c a llu s ,  w e ig h t,  r a t e -
m g /c u l tu r e  0/o m g /d a y  f re s h  d r y

w e ig h t  w e ig h t

1 0 0 1.7555 ±  0.0816 101.29 5.77 26.85 5.97 10.42
2 0 0.5 1.9375 ±  0.1447 107.14 5.53 30.10 6.69 11.08
3 0 1 1.7241 ±  0.1051 102.24 5.93 26.29 5.84 10.53
4 0 2 1.8215 ±  0.0836 110.93 6.09 28.03 6.23 11.51
5 0 5 1.8248 ±  0.0883 106.02 5.81 28.08 6.24 10.96

6 0.5 0 1.8139 ±  0.0486 106.48 5.87 27.89 6.20 11.01
7 0.5 0.5 1.8025 ±  0.0900 105.27 5.84 27.69 6.15 10.87
8 0.5 1 2.0612 ±  0.0703 120.58 5.85 32.32 7.18 12.60
9 0.5 2 2.0751 ±  0.0611 116.21 5.60 32.56 7.24 11.10

10 0.5 5 2.2955 ±  0.2625 125.10 5.45 36.49 8.11 13.11

11 1 0 1.7303 ±  0.0520 108.85 6.27 26.40 5.87 11.28
12 1 0.5 1.8114 ±  0.0301 108.86 6.01 27.85 6.19 11.28
13 1 1 2.2281 ±  0.1343 128.78 5.78 35.29 7.85 13.52
14 1 2 2.4071 ±  0.3045 128.30 5.33 38.48 8.56 13.47
15 1 5 2.3482 ±  0.0739 126.57 5.39 37.43 8.32 13.28

16 2 0 1.8211 ±  0.0689 108.85 5.96 28.02 6.23 11.28
17 2 0.5 1.9588 ±  0.0643 111.46 5.69 30.48 6.78 11.57
18 2 1 2.1718 ±  0.0937 120.10 5.53 34.28 7.62 12.55
19 2 2 2.3121 ±  0.0871 122.54 5.30 36.79 8.18 12.82
20 2 5 1.7136 ±  0.0430 106.07 6.19 26.10 5.80 10.96

21 5 0 0.5697 ±  0.2427 35.10 6.16 5.67 1.26 2.96
22 5 0.5 2.0106 ±  0.0678 116.82 5.81 31.40 6.98 12.18
23 5 1 1.4682 ±  0.1926 81.78 5.57 21.72 4.83 8.22
24 5 2 1.4678 ±  0.2872 82.64 5.63 21.71 4.83 8.32
25 5 5 1.8365 ±  0.2442 102.29 5.57 28.30 6.29 10.54

T he daily  g row th  of callus tissues g ro w n  in basic m edium  in  d a rk n ess re la te d  to  the  
fresh  w eigh t has tw o in tensive periods. T h e  low er m axim um  value  occurs as early  as in  the  
second w eek while th e  h igher one ap p ea rs  in  th e  seven th  week. T h e  m o st in tensive  g row th  
period  is be tw een  th e  six th  and sev en th  w eeks.

O th e r exp erim en t has been p e rfo rm ed  to  exam ine the e ffects o f  g ro w th  reg u la to rs  on 
th e  a lka lo id  b iosynthesis and co m ponen t fo rm a tio n  of callus tissue.

P la n t g row th  regu la to rs are kno w n  to  b ring  ab o u t m o rp h o g en e tic  and  b iochem ical 
changes in  cells an d  tissue. The b iochem ical changes th a t  occur due to  th e  h o rm onal stim u li 
m ay  hav e  p rofound  influence on  th e  m e tab o lic  even ts leading to  th e  sy n th esis o f secondary  
p ro d u c ts  (V e r z á r - P e t r i  and H o a n g  1978, B a u m a n n  e t al. 1982, S t o c k l in g  e t al. 1982).

In  th e  p resen t s tu d y  a lkalo ids w ere syn thesized  in c u ltu red  Corydalis cava tissues. 
G row th  reg u la to rs , such as 2.4-D , IA A , N A A  an d  K n  were found  to  in fluence  th e  fo rm atio n  
o f a lkalo ids in  the  tissue cu ltu res on  th e  d iffe re n t horm ones tested , IA A  a u g m en ted  th e  fo rm a­
tio n  of a lkalo ids as com pared to  2.4-D  an d  K n.
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Table 4

Growth dynam ics o f  the callus tissue o f  Corydalis cava grow n  
on the basis medium  ( M S )  in  dark

I n c u b a ­
t io n

p e rio d
(w eek)

F r e s h - w e ig h t  
o f  c a llu s ,  
g / c u l t u r e

D ry -w e ig h t  
o f  c a llu s , 

m g /c u l tu r e

C o n te n t  
o f  d r y  

m a te r ia l ,
%

G r o w th  v a lu e  (G .V .)  
a c c o r d in g  to G ro w th

r a t e ,
m g /d a y

f re s h - w e ig h t d r y - w e ig h t

0 0.0499 ±  0.0073 2.2920 4.5930
l 0.0959 ±  0.0081 7.2021 7.5100 0.9218 2.1423 6.5714
2 0.1521 ±  0.0083 10.3276 6.7900 2.0481 3.5059 10.8600
3 0.2441 ±  0.0156 13.4320 6.9200 2.8898 4.8604 9.2476
4 0.4755 ±  0.0234 29.9090 6.2900 8.5290 12.0493 15.2000
5 0.6391 ±  0.0406 36.3390 5.6860 11.8076 14.8547 16.8300
6 0.8041 ±  0.0705 42.9469 5.3410 15.1144 17.7377 19.1400
7 1.3050 ±  0.0650 65.7067 5.0350 25.1523 27.6678 25.6100
8 1.4698 ±  0.1070 72.7551 4.9500 28.4549 30.7430 25.3500

Table 5

The effect o f  growth regulators on the total alkaloid and component form ation  
o f  Corydalis cava callus tissues

M e d iu m

H o r m o n e  c o n c e n t r a t i o n , m g /l C o n te n t  o f  
t o t a l  a lk a lo id

M a in  c o m p o n e n t s m g /g  to t a l  a lk a lo id

K n 2 .4 -D IA A N A A
m g /g

d r y  w e ig h t b u lb o c a p n in te t r a h y d r o p a lm a t in

l l _ _ 0.125 20.3722 x l O - 3 _
0.5 l — — 0.460 18.2721 X 10-3 —
1 0.5 — — 0.330 6.1488 X l O “ 3 1.6991 x l O - 3

MS-2
0 0 — — 0.510 4.3074X 10-3 —
0.02 — 2 — 0.180 — 3.2997 x l O - 3
0.20 — 2 — 0.495 — 17.7635 X 10“ 3
0.50 — 2 — 0.755 — 43.3807 X lO "3
1.00 — 2 - 0.962 16.4223 X l O “ 3 17.9144 X 10-3

0.02 — 2 — 0.680 6.7653 X l O ” 3 19.4167 X 10-3
MS 0.20 — 2 — 0.752 — 11.8981 x l O “ 3

0.50 — 2 — 1.021 — 10.8737 X 10~3

MS 0.50 — 1 l 0.418 — 7.8554X 10-3
0.50 — — 2 0.481 — 9.5416 X 10-3

MS =  M urashige-Skoog m edium  
MS-2 =  w ithou t g lycine  (2 mg/1)

Our experim ents a lso show ed th a t  the  influence of g row th  re g u la to rs  depends n o t only 
o n  th e  characteristics o f each , b u t  also on th e ir  com b in a tio n  an d  p ro p o rtio n . In  the  sam e 
m ed iu m  (MS) 2.4-D a n d  K n  in  certa in  com binations w ere found  to  be in h ib ito ry  to alkalo id  
sy n th esis , bu t IAA a n d  K n  in  som e com bination  w ere found  to  fa v o u r  th e  fo rm ation  of th e  
a lk a lo id s (Table 5). In  th is  case no t only IAA, b u t  K n  also in fluenced  th e  alkaloid syn thesis
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p o sitiv e ly  in  th e  cu ltu red  tissues of Corydalis cava. T he d a ta  show th a t  in th e  2 mg/1 co n cen tra ­
tio n  of IA A  w hen  it  w as held co n stan t an d  th e  c o n cen tra tio n  of K n  was ra ised  (from  0.02 mg/1 
to  1 mg/1), th e  to ta l  alkaloid co n ten t sig n ifican tly  increased  (from  0.180 m g/g to  0.962 m g/g).

T he tissue cu ltu res were cu ltu red  in  MS and  MS-2 (w ith o u t 2 mg/1 g lycine) w ith  th e  
sam e co n cen tra tio n  of IA A  and  K n. T he to ta l  alkalo id  c o n ten t o f callus tissues cu ltu red  in 
th e  MS m edium  w as h igher th a n  th a t  o f th e  callus tissue cu ltu red  in th e  MS-2 m edium . Glycine 
w as fo u n d  to  be favourab le  for a lkalo id  sy n th esis  in  th e  cu ltu red  tissues o f Corydalis cava 
(T ab le  6).

T ab le  5 shows th e  effect of g ro w th  reg u la to rs  (2.4-D  IA A , NAA and  K n) on th e  fo rm a­
tio n  of th e  alkalo id  com ponents in  Corydalis cava callus tissues cu ltu red  on th e  m ed iu m  MS 
an d  MS-2. In  case of cu ltu res grow n on MS-2 m ed ium  w ith  various co n cen tra tio n s o f 2.4-D 
an d  K n , th e  m ain  com ponent was b u lb o cap n in . M edium  MS-2 conta in ing  1 mg/1 2.4-D , 
n a ftilace tic  acid and  1 mg/1 K n  was fo u n d  to  be o p tim al for th e  fo rm atio n  of b u lbocapn in  
(F ig . 6).

3 и

F ig. 6. H P L C  ch ro m ato g ram  of th e  callus cu ltu re  grow n in  th e  MS m edium  co n ta in in g  2 mg/1 
IA A  a n d  1 mg/1 K n  (11) bu lbocapn in , (12) te tra h y d ro p a lm a tin  on a R P-C  18 co lum n w ith  

m eth an o l/0 .2 %  d iam m o n iu m -h y d ro g en p h o sp h ate  m ix tu res (65 : 35)

3

Fig. 7. H P L C  ch ro m ato g ram  of the  callus cu ltu re  grow n in th e  MS m edium  co n ta in in g  1 mg/1 
K n  a n d  1 mg/1 2,4-D , (12) bu lbocapnin , (13) te tra h y d ro p a lm a tin , (15) p ro to p in e  on  a R P-C  18 

co lum n w ith  m ethano l/0 .2%  d iam m o n iu m -h id ro g en p h o sp h a te  m ix tu res (65 : 35)
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F ig . 8. H P L C  ch ro m a to g ra m  of th e  callus cu ltu re  g row n in  th e  MS-2 m ed ium  co n ta in in g  
2 mg/1 IA A  and 0.5 mg/1 K n , (15) te tra h y d ro p a lm a tin e , (16) coryadaline  (17) u n k n o w n  com ­
p o n e n t, on a R P-C  18 co lu m n  w ith  m eth an o l/0 .2 %  d iam m on iu m -h id ro g en p h o sp h a te  m ix tu re

(65 : 35)

In  case of cu ltu res  g row n on m ed ium  MS and  MS-2 con ta in ing  various IA A , NAA 
a n d  K n  concen tra tions th e  m ain  co m ponen t was te tra h y d ro p a lm a tin . I ts  c o n te n t increased 
w h en  la rg e r co n cen tra tio n s o f K n  added  (Fig. 7). In  m ed ium  MS-2 con ta in ing  2 mg/1 IA A  
a n d  v a rio u s con cen tra tio n s o f  K n  how ever, w hen th e  co n cen tra tio n s of K n  reached  1 mg/1, 
th e  c o n te n t of te tra h y d ro p a lm a tin  decreased  an d  b u lb o cap n in  appeared .

M edium  MS co n ta in in g  2 mg/1 IA A  an d  0.5 mg/1 K n  w as found  to  be o p tim al for th e  
fo rm a tio n  of th e  to ta l o f a lkalo ids. In  ad d itio n  to  te tra h y d ro p a lm a tin , large a m o u n t (24% ) 
o f a n  u n k n o w n  com ponen t w as de tected  (F ig . 8).
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EXTRACELLULAR CELLULASE 
AND XYLANASE PRODUCTION 

OF P L E U R O T U S  SPECIES

J .  V e t t e r

U N I V E R S I T Y  O F  V E T E R I N A R Y  S C IE N C E S , D E P A R T M E N T  O F  B O T A N Y ,  B U D A P E S T , H U N G A R Y  

(R eceived: 15 O ctober 1985)

O f th e  ex tra ce llu la rly  p roduced  enzym es of m y ce liu m  cultures of 15 P le u ro tu s  
species th e  a u th o r  follow ed the  tre n d  of a c tiv ity  of cellu lase  (Cx and Cj) an d  x y lan a se  
in  response to  v a rio u s carb o n  sources. O n th e  basis o f th e  d a ta  of the ana ly sis  series 
he  estab lished  th a t  th e  changes o f th e  C j-enzym e cou ld  be described by  a  m ax im u m  
or ascending  curve. T he values o f Cx o b ta in e d  by  v isco sim e try  were characzerized  by  
a n  increase  in tim e . T he fa c t th a t  in  th e  cu ltu re  m ed iu m  contain ing  sugar m ea su ra b le  
q u a n tit ie s  of enzym e were n o t p roduced  in  a n y  case p ro v es th e  inducible n a tu re  o f  th e  
Cx enzym e. T he tem p o ra l re la tio n  be tw een  th e  Cx a n d  Cx activ ities could in  m o st 
cases be p roved  on all th ree  com plex ca rb o n  sources. T he d a ta  suggest th a t  th e  cu rv e  
an d  m ax im u m , resp ec tiv e ly , o f th e  Ct a c t iv ity  p recedes th e  descent of th e  Cx a c tiv ity .

T he x y lan ase  a c tiv ity  w hich  p lays a p rim ary  ro le  in  th e  decom position o f hem i- 
celluloses show s an increasing  ten d en cy  in  th e  cu ltu res . I n  th e  sugar-contain ing  c u ltu re  
m ed ium  low an d  decreasing  a c tiv itie s  in d ica te  th e  in d ucib le  n a tu re  of th e  enzym e. 
T he d a ta  p re sen ted  in  th e  p aper, besides filling  a gap concern ing  the  p ro d u c tio n  d y n a m ­
ics o f enzym e groups of decisive im p o rtan ce  in the  n u tr i t io n  of the  Pleurotus species, 
m ay  c o n trib u te  to  th e  chem otaxonom ic  ch a ra c te riz a tio n  of th e  species.

Introduction

Classing th e  Pleurotus species am ong th e  w h ite  ro t fu n g i ind ica tes th a t  in  th e  course 
o f decom posing th e  su b s tra te s  (generally  lignocelluloses) of fung i th ey  are able to  u tilize  b o th  
the  lign in  an d  th e  cellulose ( R y p a c e k  1966). In  th e  n u tr it io n  of th e  Pleurotus species enzym es 
of exocellu lar a c tiv ity  p lay  a d e te rm in a tiv e  role. T he enzym e g ro u p  secreted  is m u ltico m p o n en t, 
th e  cellulases an d  xy lases are  im p o rta n t co m ponen ts.

In  th e  l ite ra tu re  ( R o d i o n o v a  1981, H i g h l e y  and  K i r k  1979) 1.4-/?-D-glucan-4-glucan- 
hydro lase  (E .C . 3 .2.1.4., syn . : Cx), 1 .4-/?-glucan-4-glucohydrolase (E.C. 3.2.1.74.), lA -ß -D -  
g lucocellobiohydrolase (E .C . 3.2 .1 .91., syn .: Cj) an d  /?-glucosidase (E.C. 3.2.1.21.) a re  m ad e  
responsible fo r th e  cellulose decom position . T he cellulose decom posing enzym es are  p a r t ic u ­
larly  ac tiv e  in  th e  low er fung i (Trichoderma  spp ., Sporotrichum  pulverulentum ). H en ce  th e  
research  is m ain ly  concerned  w ith  th e  enzym es o f these o rgan ism s. W ood-rotting  fu n g i —  
including Pleurotus species —  w ere te s te d  fo r cellulase a c t iv ity  b y  G i n t e r o v a  (1980). T he 
cellulose an d  th e  carboxym ethy lce llu lose  induce h igh  a c tiv ity , while the  cellobiose does n o t 
do so ( B u c h t  and  E r i k s s o n  1968). R ecen t d a ta  ( C h u r i l o v a  e t al 1979, L a u s t e r  1975) also 
em phasize th e  in h ib ito ry  e ffects of cellobiose and  glucose.

T he a c tiv ity  o f xy lan ases in  th e  cu ltu res  o f w o o d -ro ttin g  fungi on cu ltu re  m ed ia  co n ­
ta in in g  x y lan e  or glucose is considerab le  ( L y r  1959, F l a n n i n g a n  an d  G i l m o r  1980). O n  th e  
basis of a n u m b er of d a ta  i t  can  be supposed  th a t  th e  decom position  of xylanes is, in  fa c t, 
carried  o u t b y  a system  w ith  a t  least tw o co m ponen ts, th o u g h  th is  question has n o t  been  
exam ined y e t  for h igher fungi.
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P re se n t paper gives acco u n t o f a w ork  done  as a p a r t of a com prehensive  analysis 
series; exocellu lar cellulose a n d  xylase p ro d u c tio n  of m ycelium  cultures of 15 Pleurotus species, 
as w ell as some fu n d am en ta l ch arac te ris tics  o f th e  cellu lase (Cx) enzym e as a fu n c tio n  of 
v a rio u s  c a rb o n  sources were s tud ied .

Material and m ethod

T h e  s tu d y  included  th e  follow ing Pleurotus species: P. calyptratus (L in d b l in  F r.)  Sacc.
P . ca nd id issim us, P . cornucopiae P a u l ex F r . , P. c ystid iosus  O. K. Miller, P. elongatipes (Peck),, 
P . eryn g ii (DC. ex F r. Q uel.), P. euosmus (B erk , a p u d  H ussey) Sacc., P . eryngii var. feru lae  
L an z i, P . flo r id a  ( =  P . f lo r id a n u s  Sing.), P . ja p o n ic u s  (K aw am ura) Sing ( =  Lam pterom yces 
ja p o n ic u s  (K aw am u ra) Sing., P . m utilus  F r. Gill [ =  Clitocybe josserandii (S ing .) S ing], P . ostre- 
atus  ( J a c q . ex F r.) K um m er, P . passeckerianus P i lâ t ,  P . pulm onarius  (F r .)  Q uel., P . sap idus  
K a lc h b r . T he carbon  sources o f th e  basic cu ltu re  m ed iu m  ( V e t t e r  1983) used  ( a t  a co n ce n tra ­
tio n  o f  10 g/1):

V a rian t C arbon  source

A crushed  s tra w
В crushed  co rn  cob
C crushed  oak-w ood
D sugars: m a lto se  (20 g/1)

glucose (10 g/1)

T h e  Cx/l,4 -/? -D -g lucan-4-g lucanhydro lase  (E .C . 3 .2 .1 .4 .) a c tiv ity  in  the  f i l t r a te  o f the  cu ltu re  
m ed iu m  w as m easured  ev ery  3 m in u tes  du ring  15 m in u te s  of reaction a t  40 °C in  O s z t w a l d ’ s  

v isc o sim e te r , using  th e  v iscosim etric  m eth o d  o f R o d i o n o v a  et al. (1966). F ro m  th e  tim e 
of o u tf lo w  of reac tio n  m ix tu re  and  w a ter th e  rec ip ro ca l value of the  re la tiv e  v iscosity , th en  
th e  av era g e  difference of th e  reciprocals o f re la tiv e  v iscosities m easured  a t  d iffe ren t tim es 
w ere c a lcu la ted , and la t te r  re fe rred  to  1 m l of th e  c u ltu re  m edium  filtra te .

T h e  values of Cj a c t iv ity  w ere o b ta ined  b y  t i t r im e tr ic  d e te rm in a tio n  o f th e  q u a n tity  
o f su g a r  re leased  from  cellulose MN 300 d u s t w hile  decom posing a t 40 °C o v er a given tim e 
( a f te r  B i l a j  1973).

F o r  th e  m easuring  of th e  a c tiv ity  o f x y lan a se  th e  reducing sugar c o n te n t p roduced  a t  
40 °C in  a given tim e from  x y lan e  su b s tra te  p re p a re d  from  maize sta lk  w as d e te rm ined . The 
v a lu e  o f a c tiv ity  was expressed  w ith  the  red u cin g  su g a r co n ten t released in  1 hour b y  1 m l 
c u ltu re  m edium . The enzym e ac tiv ities  were m ea su re d  in  3-4 rep lications fo r each v a r ia n t;  
in  th e  tab le s  generally  th e  a rith m e tic  m ean (x) a n d  th e  s tan d ard  error (s) are  given.

Results

T he Cx-ac tiv ity  values o f th e  species ex am in ed  are  sum m ed up in T ab le  1. 
a) Cellulase was p ro d u ced  by  every  species. T h e  low est activ ities w ere m easu red  in th e  

c u ltu re  m edia of P . flo r id a  an d  P . passeckerianus, a n d  re la tive ly  low v a lues wer.î o b ta in ed  
w ith  th o se  of P . ostreatus, P. cornucopiae and  P . cystidiosus. A larger g roup  o f th e  species is 
c h a ra c te riz ed  by a g rad u al increase in a c tiv ity  fro m  th e  f irs t  sam pling onw ards. F o r exam ple, 
th e  a c t iv ity  values for P . calyptratus ranged  from  0.181 to  1.20, for P . euosm us from  0.232 to 
1.560 (on  cu ltu re  m edium  A), from  0.078 to  1.05 (on  c u ltu re  m edium  B) an d  fro m  0.099 to  0.3 
(o n  c u ltu re  m edium  C). C hanges o f d ifferen t ab so lu te  v a lu e  b u t sim ilar ten d en cy  w ere m easu red  
fo r P .  elongatipes, P. m utilus  an d  P. japonicus  (F ig . 1). L a tte r  species also p ro d u ced  the  m o st 
a c tiv e  enzym e, since th e  a c tiv ity  rose from  0.120 to  2.49 (on cu ltu re  m ed iu m  A). P . candi­
d iss im u s  shows an  unam b ig u o u s m ax im um  curve  on  cu ltu re  m edium  B, while th e  changes in  
a c t iv i ty  on  culture  m edia A an d  C are som ew hat d iffe re n t from  th a t.  In c rea sin g  ten d en cy  is
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Table 1

Exocellular cellulose (Cx)  activities o f  the Pleurotus species examined on culture media with fo u r  different carbon sources. The unit o f  activity : 

d  ̂ dt, that is the change in the reciprocal value o f  relative viscosity produced by 1 ml culture medium  in  3 m inutes

S a m p le s

1 2  3 4
c u l tu r e  m e d iu m  c u l tu r e  m e d iu m  c u l tu r e  m e d iu m  c u l tu r e  m e d iu m

A В c D A В C D A В c D A В c D

Pleurotus
calyptratus 0.181 0.059 0.042 0.004 0.272 0.178 0.027 0.003 0.652 0.520 0.002 0.005 1.200 1.030 0.165 0.002

P. candidissim us 0.024 0.008 0.027 0.003 0.475 0.708 0.132 0.004 0.363 0.492 0.126 0 0.515 0.330 0.095 0

P. cornucopiae 0.001 0 0.002 0.001 0.054 0.024 0.020 0.004 0.046 0.030 0.069 0 0.040 0.050 0.035 0

P. cystidiosus 0.054 0.004 0.003 0.001 0.056 0.010 0.011 0.022 0.039 0.031 0.011 0 0.110 0.078 0.100 0

P. elongatipes 0.072 0.083 0.163 0.006 0.248 0.298 0.306 0.001 0.339 0.084 0.232 0.012 0.403 0.929 0.106 0.004

P. eryngii 0.003 0.006 0.013 0.003 0.087 0.019 0.029 0 0.023 0.025 0.065 0 0.129 0.038 0.546 0.004

P. eryngii v a r .  
ferulae 0.066 0.004 0.005 0.003 0.052 0.034 0.028 0.001 0.016 0.006 0.053 0.003 0.208 0.035 0.274 0.008

P. euosmus 0.232 0.078 0.099 0.007 0.472 0.372 0.207 0.007 0.849 0.896 0.209 0.008 1.560 1.050 0.300 0.007

P. flo r id a 0.002 0.002 0 0 0.058 0.047 0.011 0.005 0.072 0.035 0.039 0 0.039 0.072 0.027 0

P. japonicus 0.120 0.352 0.630 0.366 0.420 0.427 0.770 0.125 0.422 0.975 1.390 0.117 2.490 1.920 1.740 0.005

P. m utilus 0.090 0.150 0.150 0.009 0.170 0.207 0.070 0.049 0.295 0.142 0.057 0 1.150 0.415 0.240 0.010

P. ostreatus 0.014 0.023 0.003 0 0.098 0.117 0.013 0.003 0.055 0.163 0.031 0.048 0.330 0.294 0.090 0

P. passeckerianus 0.004 0.004 0.004 0.005 0.012 0.001 0.001 0.005 0.004 0.002 0.004 0.015 0.050 0.030 0.080 0.079

P. pulm onarius 0.012 0.013 0.006 0.002 0.122 0.133 0.063 0.012 1.388 1.230 - 0.013 1.250 1.280 0.360 0

P. sapinus 0.079 0.077 0.153 0.007 0.310 0.160 0.208 0.002 0.275 0.219 0.150 0.021 0.365 0.290 0.115 0.009
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F ig . 1. (a) Changes in  th e  cellu lase ac tiv ities  o f several species, (a) C ellulase (Cx) ac tiv ity , 
(b) Cellulase a c t iv ity  of P. candid issim us  in  various cu ltu re  m edia.

show n  b y  P . eryngii and  P . eryngii var. feru la e ; ra p id  increase from  th e  second to  th e  th ird  
sam p lin g  is ch aracte ris tic  o f P .  pulm onarius  (0 .122-1 .38) on  cu ltu re  m edia  A an d  B.

b) C harac teriza tion  o f ac tiv itie s  show n on d iffe ren t cu ltu re  m edia . In  co m paring  th e  
a c tiv itie s  according to th e  c u ltu re  m edia used , th e  num erica l values of “ av erag e”  ac tiv itie s  
irresp ec tiv e  of the  species m a y  give a  clearer p ic tu re :

C u l tu r e S a m p lin g

m e d iu m 1. 2. 3 . 4 .

A 0.056 0.193 0.322 0.583

В 0.057 0.182 0.322 0.499

C 0.047* 0.081 0.176 0.266

* W ithou t the  o u ts tan d in g ly  high value of P . japonicus

t h a t  is: on  th e  straw (A) a n d  corn cob (B) cu ltu re  m ed iu m  th e  average ac tiv itie s  a re  v e ry  close 
o r  eq u al to  one an o th er a t  e ach  tim e of sam pling . T he average a c t iv ity  on  cu ltu re  m ed iu m  C 
(4 1 -5 4 % ) is ab o u t h a lf o f t h a t  ob ta in ed  on cu ltu re  m edia  A and  B , resp ec tive ly . In  th e  case 
o f  th e  D (m altose-glucose) c u ltu re  m edium  — w ith  th e  excep tion  of tw o species, P . ja p o n icu s  
a n d  P . passeckerianus — v e ry  low, zero or ju s t  m easu rab le  ac tiv itie s  were o b ta in ed . F o r 
P . passeckerianus th e  v a lu e  o f a c tiv ity  only rose from  0.05 to  0.079, b u t  th e  tru e  excep tio n  
is re p re sen ted  by  P . ja p o n icu s , as its  a c tiv ity  — 0.366 on th e  f ir s t  sam pling  — d ro p p ed  to  
0.005 b y  th e  tim e the  la s t sam ple  was tak en . I t  seem s th u s , th a t  th is fu n g u s has a considerab le  
b asic  a c tiv ity  even on m altose-g lucose  cu ltu re  m edium .

D a ta  of Cx a c tiv ity  a re  availab le  for th e  2nd to  4 th  sam ples o f  10 Pleurotus species 
(T ab le  2).

a) Changes in tim e. W h en  reckoning w ith  average  values irresp ec tiv e  o f th e  species, 
v e ry  close values are o b ta in e d  for th e  th ree  tim es of sam pling . A n analysis b y  species revea ls 
v a rio u s  tendencies of ch an g in g . Curves of m ax im u m  ch arac te r  are show n b y  P . euosmus,
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Table 2

Exocellular C, activity o f  10 Pleurotus species on culture media containing straw ( A ) ,  
corn-cob ( B )  and oak-dust (C ), respectively, as carbon source 

(A ctiv ity : mg released  sugar/m l cu ltu re  m edium  X  hour)

S a m p le s

Pleurotus X

calyptratus s
P. cystidiosus X

s
P . elongatipes X

s
P. eryngii X

s
P. eryngii var. X

feru lae s
P . euosmus X

s
P. japonicus X

s
P. m utilus X

s
P. passeckerianus X

s
P. sapidus X

s

2
culture medium

A в C

0.078 0.082 0.055
0.008 0.060 0.005
0.155 0.116 0.053
0.070 0.010 0.009
0.134 0.117 0.084
0.010 0.030 0.007
0.070 0.057 0.029
0.003 0.007 0.008
0.061 0.032 0.072
0.004 0.011 0.035
0.132 0.090 0.104
0.019 0.046 0.012
0.142 0.132 0.137
0.056 0.003 0.016
0.095 0.086 0.063
0.110 0.001 0.003
0.038 0.029 0.026
0.011 0.009 0.010
0.116 0.101 0.108
0.010 0.012 0.008

3
culture medium

A в c

0.066 0.122 0.052
0.018 0.029 0.006
0.060 0.044 0.056
0.014 0.008 0.000
0.132 0.089 0.086
0.038 0.015 0.008
0.049 0.032 0.029
0.070 0.008 0.011
0.122 0.103 0.134
0.012 0.005 0.012
0.091 0.098 0.110
0.021 0.012 0.005
0.140 0.139 0.171
0.030 0.012 0.023
0.104 0.073 0.070
0.009 0.001 0.003
0.122 0.112 0.129
0.007 0.014 0.006
0.082 0.072 0.086
0.010 0.025 0.013

4
culture medium

A В C

0.100 0.094 0.085
0.004 0.006 0.019
0.081 0.092 0.070
0.012 0.009 0.010
0.078 0.185 0.030
0.006 0.029 0.002
0.073 0.055 0.100
0.004 0.003 0.021
0.036 0.018 0.049
0.023 0.023 0.016
0.072 0.053 0.052
0.025 0.007 0.009
0.317 0.226 0.207
0.009 0.0 Э9 0.014
0.157 0.110 0.089
0.031 0.012 0.010

— — 0.025
— — 0.010

0.054 0.054 0.035
0.020 0.016 0 . 0 0 0

P. eryngii va r. ferulae, P. passeckerianus, P . sapidus, P . elongatipes. The a c tiv ity  is increasing  
in  th e  case of P. m u tilu s , P . calyptratus, P . ja p o n icu s  (w ith  v e ry  h igh abso lu te  values).

b) Evaluation of the effect o f culture medium. A verages o f th e  ac tiv itie s  m easu red , 
irresp ec tiv e  o f th e  species:

C u ltu re Sampling
medium 2 3 4

A 0.102 0.096 0.107
В 0.084 0.088 0.098
C 0.073 0.092 0.064

th a t  is: cu ltu re  m edium  A is of the  h ig h est a c tiv ity , th o u g h  th e  differences are sm all. Sam ples 
3 an d  4 are  ch arac te rized  by  balanced  ac tiv itie s . L ow est o f all are the  activ ities  p ro d u ced  in  
cu ltu re  m edium  C; in sam ple  4 e.g. th e  ra tio  is: A : В : C =  1.0 : 0.91 : 0.69.

T he d a ta  of exocellu lar xy lanase  a c t iv ity  a re  co n ta in ed  in Table 3. All species exam ined  
p ro d u ced  xy lanase  enzym e. One of the  g ro u p s of species is charac te rized  by  e ith e r a m ax im u m  
a c tiv ity  o r an  a c tiv ity  cu rve  w ith  a p la teau . C h arac te ristic  m ax im u m  is reached  b y  th e  a c tiv ity  
of P . eryngii and  P . eryngii var. feru lae  (F ig . 2), while th e  activ ities  of P . ostreatus, an d  on 
cu ltu re  m edia A and В of P . pulm onarius  a re  less so; in  th e  las t sam ple the  a c tiv ity  decreases
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F ig . 2. Changes in th e  x y lan ase  ac tiv ities of several species in  cu ltu re  m ed ium  A.

as in  th e  case o f P. cornucopiae, P . candidissim us an d  P .f lo r id a ,  b u t  no t so m uch  in  th e  case 
o f P . m u tilu s . The o th e r larg e  group  is ch arac te rized  b y  increasing  activ ities (P . ja p on icus, 
P . passeckerianus, P. sap idus). P. cystidiosus can  h a rd ly  be p laced in e ith e r g ro u p , since on 
c u ltu re  m edia  A an d  C th e  cu rv e  shows an  ascending ch a ra c te r, while on cu ltu re  m ed ium  В 
th e  a c t iv ity  reaches o u ts ta n d in g  m ax im um  on th e  2nd sam pling .

F o r  m ost species th e re  are no g re a t d ifferences b e tw een  th e  activ ities of th e  cu ltu re  
m ed ia , b u t  e.g. in  th e  case o f P. elongatipes th e  a c tiv ity  of cu ltu re  m edium  C, w ith  P . calyptra- 
tu s  t h a t  o f B , while in  th e  case of P . euosm us th e  a c tiv ity  o f th e  A cu ltu re  m ed iu m  exceed 
c o n sid e rab ly  those m easu red  in  th e  o thers . T he v a lu es o f average a c tiv ity  pe r sam ple, ir- 
sp e c tiv e  of the  species:

C u l tu r e S a m p lin g

m e d iu m 1 2 3 4

A 0.260 0.557 0.641 0.757

В 0.296 0.572 0.504 0.554

C 0.346 0.450 0.594 0.601

show  t h a t  th e  C cu ltu re  m ed iu m  induces a h igher in itia l a c tiv ity  w hich, how ever, b y  th e  tim e 
o f th e  second sam pling  is low er th a n  in th e  o th e r tw o cu ltu re  m edia, and  in th e  la s t sam ple 
its  v a lu e  is betw een th e  av erag e  a c tiv ity  values o f cu ltu re  m ed ia  A and  B. W ith  all sam ples 
a n d  cu ltu re  m edia ta k e n  in to  considera tion , d ifference of any  im portance  is on ly  show n by  
th e  A cu ltu re  m edium  o f th e  la s t sam ple, th o u g h  even  th e re  i t  is only due to  th e  ex trem ely  
h ig h  v a lu es of two or th ree  species th a t  increase th e  average. T he s itu a tio n  is d iffe ren t w ith 
th e  m altose-glucose (D ) cu ltu re  m edium  w here an y  a c tiv ity  could only be m easu red  in  a
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Table 3

Exocellular xylanase activities o f  the Pleurotus species examined on fo u r  kinds o f  carbon sources 

(A ctiv ity : m g released sugar/m l filtra te  x  hour)

S a m p le s

1 2  3 4
c u l tu r e  m e d iu m  c u l tu r e  m e d iu m  c u l tu r e  m e d iu m  c u l tu r e  m e d iu m

A В C D A В C D A В C D A В C D

Pleurotus X 0.545 1.520 0.328 0 0.843 0.525 0.431 0.229 0.834 0.750 0.603 0 1.000 0.735 0.469 0
calyptratus s 0.356 0.070 0.017 0 0.058 0.049 0.019 0.050 0.025 0.103 0.015 0 0.080 0.026 0.044 0

P. candidissi- X 0.376 0.056 0.369 0.245 0.904 0.797 0.780 0.321 0.925 0.813 0.672 0 0.670 0.728 0.624 0
m us s 0.000 0.054 0.078 0.000 0.051 0.061 0.048 0.020 0.080 0.056 0.050 0 0.100 0.070 0.065 0

P. cornuco- X 0.049 0.031 0.020 0.193 0.172 0.165 0.165 0.188 0.211 0.164 0.209 0.060 0.170 0.133 0.164 0
piae s 0.006 0.002 0.003 0.020 0.030 0.015 0.022 0.012 0.012 0.010 0.011 0.009 0.020 0.020 0.010 0

P . cystidiosus X 0.123 0.097 0.137 0.224 0.561 1.830 0.234 0.277 0.519 0.816 0.264 0.245 0.502 0.738 0.350 0
s 0.025 0.004 0.018 0.025 0.034 0.067 0.023 0.034 0.090 0.037 0.075 0.052 0.035 0.068 0.077 0

P. elongatipes X 0.441 0.477 0.917 0.121 0.489 0.565 0.986 0 1.070 0.654 1.590 0.200 1.490 1.220 1.340 0
s 0.009 0.019 0.019 0.000 0.003 0.011 0.072 0 0.080 0.031 0.060 0.137 0.100 0.080 0.070 0

P. eryngii X 0.113 0.071 0.134 0 0.743 0.238 0.169 0.187 0.247 0.175 0.194 0.235 0.272 0.125 0.328 0
s 0.021 0.002 0.006 0 0.210 0.011 0.006 0.000 0.012 0.013 0.007 0.091 0.014 0.006 0.110 0

P. eryngii X 0.123 0.057 0.075 0 0.207 0.120 0.153 0 0.116 0.055 0.158 0 0.240 0.089 0.504 0
var. ferulae s 0.004 0.003 0.002 0 0.082 0.013 0.058 0 0.027 0.001 0.010 0 0.040 0.003 0.006 0

P. euosmus X 0.441 0.258 0.638 0 0.726 0.726 0.798 0 1.200 1.080 1.090 0.185 1.740 1.120 1.150 0.164
s 0.006 0.168 0.021 0 0.199 0.090 0.035 0 0.040 0.020 0.020 0.000 0.120 0.130 0.130 0.090

P .flo r id a X 0.042 0.029 0.023 0 0.237 0.169 0.194 0.272 0.252 0.166 0.181 0 0.108 0.138 0.156 0
s 0.005 0.006 0.004 0 0.010 0.015 0.022 0.035 0.040 0.030 0.015 0 0.010 0.011 0.020 0

P. japonicus X 0.261 0.582 0.749 0 0.648 0.932 0.814 0 0.637 0.750 1.129 0.593 1.337 0.910 0.734 0.254
s 0.050 0.025 0.079 0 0.103 0.009 0.039 0 0.056 0.045 0.175 0.021 0.116 0.056 0.067 0.076

P. mutilus X 0.528 0.634 0.564 0 1.250 1.264 0.674 0.579 0.823 0.811 0.734 0.755 1.096 0.912 0.738 0.213
s 0.334 0.401 0.026 0 0.063 0.052 0.011 0.070 0.037 0.043 0.031 0.055 0.039 0.152 0.111 0.036

P. ostreatus X 0.104 0.100 0.044 0.254 0.296 0.298 0.159 0.140 0.325 0.336 0.191 0 0.270 0.226 0.229 0
s 0.032 0.014 0.002 0.034 0.065 0.045 0.033 0.010 0.044 0.057 0.033 0 0.020 0.030 0.012 0

P. passecke- X 0.032 0.048 0.034 0.780 0.080 0.106 0.140 0.503 0.100 0.057 0.294 0.239 0.234 0.136 0.370 0.080
rianus s 0.002 0.003 0.001 0.055 0.044 0.036 0.004 0.000 0.009 0.013 0.028 0.018 0.013 0.087 0.073 0.000

P. pulmona- X 0.299 0.037 0.176 0 0.318 0.314 0.245 0 0.965 0.199 0.482 0 0.738 0.302 0.905 0
rius s 0.015 0.010 0.018 0 0.040 0.011 0.009 0 0.010 0.005 0.023 0 0.028 0.010 0.055 0

P. sapidus X 0.428 0.454 0.997 0.095 0.886 0.544 0.827 0 1.400 0.737 1.120 0 1.490 0.840 0.955 0
s 0.008 0.049 0.012 0.031 0.059 0.066 0.092 0 0.080 0.213 0.020 0 0.160 0.040 0.075 0
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few  cases. D ecreasing ten d en cy  ch arac te rizes  th e  activ ities  of P. passeckerianus, P . cornu- 
copiae  an d  P. ostreatus. T he xy lanase  a c t iv ity  o f  P. cyslidiosus on  th e  D cu ltu re  m ed iu m  is 
s te a d y  in  th ree  sam ples a n d  only decreases b y  th e  tim e  of the  las t sam pling . H ence i t  seem s 
t h a t  on  m altose-glucose cu ltu re  m ed ium  m o st species do n o t produce x y lan a se , th o u g h  som e 
of th e m  are even th e n  able to  p roduce  en zy m es o f m easurab le  a c tiv ity  (P . passeckerianus, 
P . cyslid iosus, P. cornucopiae); th is p ro d u c tio n  show s a tendency  decreasing  in  tim e.

Discussion

O f th e  presence and  fu n c tio n in g  of an  enzym e system  w hich  decom poses 
th e  ca rb o n -h y d ra tes  in fo rm atio n  is supp lied  by  the  d a ta  o f  Cx-, Сх- an d  
x y la n a se  ac tiv ities.

T he tem p o ra l changes of th e  Cx a c tiv ity  are cha rac terized  b y  an  in c rea s­
in g  ten d e n c y  for a lm ost all species ex am in ed . A cellulase a c tiv ity  of increasing  
c h a ra c te r  up to  th e  28 th  day  w as p o in te d  o u t by  GalÁDOVA and  N ec esa n y  
(1980) in  th e  surface an d  especially  in  th e  subm erged  cu ltu res  o f  Forties fom eti- 
ta riu s, w here E ghbaltalab  e t al. (1976) m easured  m ax im u m  curve. As fo r 
th e  Cx a c tiv ity  of th e  in d iv id u a l species, w ith  all cu ltu re  m ed ia  ta k e n  in to  
co n sid e ra tio n  P . japon icus  w as th e  b ig g est p roducer [th is confirm s th e  ex p e ri­
m e n ta l resu lts  of G in ter o v a  (1980) o b ta in e d  w ith  a d iffe ren t m e thod].

T he values o f Cx a c tiv ity  on th e  s tra w  and  cob cu ltu re  m ed iu m  genera lly  
w ere  v e ry  close to  each o ther. T he a c tiv i ty  o f th e  crushed o ak  v a r ia n t w as on 
th e  average  ab o u t h a lf  o f those  o f v a r ia n ts  A and B. T he fa c t th a t  on th e  
m altose-g lucose cu ltu re  m edium  none o f th e  species — ex cep t fo r P. ja p o n i­
cus — produced  an y  conserable, in  m ost cases no t even d em o n strab le  q u a n ­
t i t ie s  o f enzym e proves the  induc ib le  n a tu re  of the  Cx enzym e, confirm ing  
th e  n o tio n  generally  accepted  in  th e  lite ra tu re . P. japon icus, w hich is an y w ay  
d iffe re n t from  th e  o th e r Pleurotus species in  m any physiological (enzym atic) 
p a ra m e te rs , seem s to  reduce on ly  g ra d u a lly  its  Cx p ro d u c tio n  on m altose- 
g lucose cu ltu re  m edium .

A ccording to  th e  d a ta  o f th e  Cx a c tiv ity  (Table 2) som e species show  
m ax im u m  others ascending curves. T he ac tiv ities  d isp layed  on s traw  an d  cob 
m ed ia  are m ore or less the  sam e, w hile on oak-dust th e y  are  alw ays low er. 
As reg ard s th e  C j-C x order of succession in  th e  m echanism  o f cellulose decom ­
p o sitio n , according to  lite ra ry  d a ta  (F ed o ro v  and St a y c h en k o  1971) th e  Сг 
a c tiv i ty  precedes in  tim e  th e  Cx a c tiv ity . O ur exam in a tio n  d a ta  u n d o u b ted ly  
a p p e a r  to  confirm  th is  dynam ism  o f th e  enzym e a c tiv ity  fo r P . elongatipes, 
P . sapidus, P . euosm us, P. cystid iosus , P . eryngii var. feru lae , P . passeckeria­
n u s  and  P. candidissim us. W ith  th e  o th e r species th is  co rre la tio n  e ith e r  is 
n o t  defin ite  (P . calyptratus, P . eryngii), or th e  curves of th e  ac tiv ities ru n  
p a ra lle l (P . ja p o n icu s , P . m utilus), w ith  a possible h igher ra te  of increase 
fo r  Cx.
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On th e  basis of th e  a c tiv itie s  of th e  xy lan ase  enzym e th e  tem p o ra l 
changes are best ch arac terized  b y  th e  m axim um  cu rv e  or th e  curve w ith  a 
p la te a u  (P . eryngii or P  cand id issim us  are ty p ica l exam p les  o f th is), or b y  a 
s tead ily  increasing a c tiv ity  (P . elongatipes, P. euosm us). T he  sum m arized  d a ta  
— averages in d ep en d en t from  species — increase. T he cu ltu re  m edia  show  no 
su b s ta n tia l differences in  enzym e a c tiv ity . In  some cases th e  a c tiv ity  m easured  
on th e  C m edium  is th e  h ighest. In te re s tin g  question  is th e  a c tiv ity  of cu ltu re  
m ed ium  D. The a c tiv ity , th o u g h  p o in ted  out for 7 species, d ro p p ed  in  every  
case to  zero a fte r  th e  firs t or second  sam pling; hence  th e  ra te  o f enzym e 
sy n th esis  seems to  decrease ra p id ly  (P . cornucopiae, P . passeckerianus). In  the  
case of P . ja p o n icu s , on th e  o th e r  h an d , enzym e a c tiv i ty  — and  n o t a t  all 
negligible a t th a t  — could only  be d e tec ted  in th e  3 rd  a n d  4 th  sam ples. O n the  
basis o f th e  d a ta  of cu ltu re  m edia th e  ind u c ib ility  of th e  enzym e can be regarded  
as a p roved  fac t for m ost species, as i t  was po in ted  o u t b y  B i e l y  e t al. (1980) 
fo r Saccharom yces.
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DINÁMICA DEL CRECIMIENTO 
Y CAMBIOS BIOQUÍMICOS DEL FRUTO DE PIÑA 

[ A N A N A S  C O M O S U S  (L.) MERR.] 
CULTIVAR ESPAÑOLA ROJA EN CUBA

Co n c e p c i ó n  D i a z  M a y a n s  y J .  E l i a s  P l a n e l l s

I N S T I T U T O  S U P E R I O R  D E  C I E N C I A S  A G R ÍC O L A S  C I E G O  D E  A V I L A ,  C U B A  

(R ecib ido: 1 D iciem bre 1984)

Changes o f som e physical an d  chem ical indices o f th e  p ineap p le  f ru it  w ere 
s tud ied  in  d iffe ren t phases o f i ts  developm ent. F r u i t  sam ples w ere  m easu red  and  
weighed du rin g  11 weeks of th e  m a tu ra tio n  and r ip en in g  process. C on ten t o f to ta l  
soluble m a tte r  a n d  titra b le  ac id ity  w ere analyzed a n d  th e ir  re la tio n  was calcu la ted . 
O btained  re su lts  p e rm it to  define th e  o p tim al period  o f h a rv es tin g  fru its  o f th e  cv. 
E spañola  R oja.

In troducción

Los cam bios asociados a  la m ad u rac ió n  e índices de calid ad  h a n  sido estud iados en 
num erosos fru to s d u ra n te  el período f in a l de la  m aduración , pero  re la tiv a m e n te  pocos h a n  
in vestigado  esto a fondo  desde la flo rac ión  h a s ta  la senectud.

Se h an  realizado  v a ria s  investigaciones donde se an alizan  los cam bios que ocurren  en  
los p a rám etro s físicos y  bioquím icos del fru to  de p iña  en d is tin to s  m o m en to s de su desarro llo  
a n te  condiciones ecológicas variab les. E sto s  estud ios h an  sido e fec tu ad o s en  d is tin to s c u lti­
v a res  pero la m ayor in fo rm ación  se tien e  en  el cv. Cayena L isa  en  tra b a jo s  realizados en  
H aw aii y  Costa de M arfil (K er n s  1936, G o rtn er  1965, S in g l e t o n  1965, S in g l eto n  y  
G o rtn er  1965, Go r tn er  y  S in g l eto n  1965, G o rtn er  e t al. 1967, D ull  1971, T eisso n  1973) 
y  en  el cu ltiv ar K ew  en  la  In d ia  (L odh  e t  al. 1972).

E l co m p ortam ien to  de los fru to s de p iñ a  del cu ltiv ar E sp a ñ o la  R o ja  en  este  sen tido  
no  h ab ía  sido re p o rtad o  a n te s  de la realizació n  de este ex p erim en to , p o r lo cual se hacia  n ece ­
sario  estu d ia r los cam bios que o cu rrían  en los fru to s d u ran te  su  desarro llo  en  las condiciones 
de C uba y  especialm ente en  el cu ltiv a r E sp añ o la  R o ja  que es el m ás p lan ta d o  en  el país. E sto  
p e rm ite  conocer y  c a ra c te riz a r  —  a tra v é s  de indicadores físicos y  quím icos —  el proceso de 
desarro llo  del fru to  en este  cu ltivar.

E ste  estudio  se h a  realizado  con el o b je tiv o  de o b ten er in fo rm ación  sobre la d inám ica 
del crecim iento de los f ru to s , sobre las e ta p a s  de desarrollo y  sobre  los p ronósticos de m a d u ra ­
c ió n  y  cosecha de los m ism os no solo p o r ap rec iac ión  v isual, sino ta m b ié n  p o r m edio de in d ica ­
dores físicos y  quím icos.

M ateriales y m étodos

P a ra  la realización  de este  estudio  se em plearon  fru to s de p iñ a  del cv. E sp añ o la  R o ja , 
p ro v en ien tes  de u n  ex p erim en to  s ituado  en  la  E stac ión  E x p e rim en ta l A grícola de T ap aste , 
H abana^  el cual fue p la n ta d o  sobre u n  suelo ferra lítico  ro jo  co m p actad o  (H er n á n d ez  e t  
al. 1975).
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E l diseño e x p erim en ta l u tilizad o  fue de b loques al aza r con 4 rep e tic iones. Las p lan tas  
u til iz a d a s  recibieron u n a  fe rtiliz ac ió n  sólida a n te s  de la siem bra y  a los seis m eses de p lan tad a  
con  la fó rm ula  10-6-18  (N , P , К )  a razó n  de 30 g /p lan ta .

A p a r tir  del te rc e r m es de p la n ta d a  se rea liza ro n  tam b ién , m en su alm en te , aspersiones 
fo lia res  con urea  al 2 0 % , K 2S 0 4 al 2%  y  F e S 0 4 al 0 ,5%  h a s ta  el onceno m es.

L a  inducción de la  flo rac ió n  se realizó  cu an d o  las p lan ta s  ten ía n  u n  año de edad, u tili­
zan d o  como inducto r so lución  acuosa s a tu ra d a  en  gas acetileno a ra zó n  de 50 m l/p lan ta , re a ­
lizán d o se  dos aplicaciones en h o ra s  de la  noche con tres  días de in te rv a lo  e n tre  ellas.

Se siguió la evo lución  que  e x p e rim e n tab a n  los fru to s d u ra n te  su desarro llo , e s tu d ián ­
dose el com portam ien to  de a lgunos índ ices físicos y  quím icos del f ru to  desde finales de la 
f lo rac ió n  h as ta  el fru to  to ta lm e n te  m ad u ro . Con este f in  se e fec tu a ro n  m u éstreo s en d iferentes 
e ta p a s  d u ra n te  la p re -m ad u rac ió n  y  m ad u rac ió n  del fru to .

Los m uéstreos fu e ro n  realizad o s s is tem á ticam en te , con in te rv a lo s  regu lares de 7 días 
desd e  la  sem ana 13 h a s ta  la  23 después de la inducción  flo ral (desde los 93 h a s ta  los 163 días 
d e sp u és de la inducción de la  flo ración).

E n  cada caso se to m a ro n  24 m u es tra s  co m puestas de un  fru to  cad a  u n a  y  se analizaron 
in d iv id u a lm en te . Se escogieron 6 fru to s rep re se n ta tiv o s  de cad a  p a rce la . Los fru to s cosecha­
dos en  cada  sem ana fu e ro n  tra n sp o r ta d o s  al L ab o ra to rio  de B ro m ato log ía  del In s ti tu to  de 
C iencia A grícola y p rocesados in m ed ia tam en te .

T a b la  1

Comportamiento de los datos climáticos desde la siembra del vástago hasta la cosecha del fru to

D a to s  m e s e s  
c l im á t ic o s

E n e F e b M a r A b r M a y J u n

Prec ip itac iones (mm) 
(A cum uladas en el mes) 0

11,4

5,4 16,1 42,3 252,5 117

T em p era tu ras  m edias (°C) 
(P rom edios m ensuales) 24,5 21,8 24,8 25,4 26,4 26,9

22,7

H u m e d ad  re la tiva  (% ) 
(Prom edios m ensuales) 71,4

79,0

68,5 66,0 65,2 73,8 73,3

D a to s  m e s e s  
c lim á t ic o s

J u l A g o S e t O c t N o v D ie

196 386 207 80 22 43
P recip itaciones (mm)

(x\cum uladas en el mes) 322,7 103,9 155 109,6 47,6 2,0

26.3 26,2 26,0 25,1 24,2 20,3
T em p era tu ras  m edias (°C) 

(Prom edios m ensuales) 27,1 27,7 27,7 25,0 23,7 22,6

83 85 87 84 81 77
H u m e d ad  relativa (% ) 

(Prom edios m ensuales) 78,6 76,7 79,2 79,0 77,0 76,0
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S observó de fo rm a general la  evolución de la  coloración  de los fru tos d u ra n te  su 
desarrollo.

E n  cada m u estreo  se m idió el peso del fru to  con corona y  sin  co rona, y  por d iferencia  
en tre  am bos, se calculó  el peso de la  co rona. Se m idió la  a ltu ra  o largo  de cada fru to  y  el d iá ­
m etro  o ancho y  se calculó la re lación  largo /ancho  en  cada  caso.

Se d e te rm in a ro n , sem analm en te , los sólidos solubles to ta le s , la  acidez t itra b le  y  la  
re lación  sólidos solubles/acidez. L a  acidez se expresó  en  g ácido c ítrico/100 mi jugo.

Los m étodos u tilizados p a ra  m ed ir los d iferen tes índices fu e ro n  los clásicos establecidos.
E l ex p erim en to  fue realizado  en  el período de n o v iem bre-enero , el cual está  co m p ren ­

dido en el in te rv a lo  de noviem bre-ab ril (m eses secos) donde se cosecha la  f ru ta  con u n a  ca li­
dad  óptim a.

D u ran te  el desarro llo  del ex p erim en to  se re g is tra ro n  las p recip itaciones acu m u lad as 
m ensualm ente, las te m p e ra tu ra s  m edias y  la  h u m ed ad  re la tiv a  y  se ca lcu laron  los prom edios 
m ensuales de es tas  ú ltim as  desde la  siem b ra  del v á s tag o  h a s ta  la  p rim e ra  cosecha del fru to  
( tab la  1).

Resultados y discusión

Crecim iento del fru to  y  de la  corona. C om portam ien to  de los índ ices físicos.

Dimensiones del fruto

E l aum ento  de las dim ensiones del f ru to  fue  g rad u al; m ostrándose  siem pre  desde los p rim eros 
m om entos, que al fru to  e ra  m ás a lto  que an ch o , no observándose  la in v ers ió n  en el crecim iento  
seña lada  por T e is s o n  (1973) p a ra  el c u ltiv a r  Cayena L isa. E s ta  d iferencia  en co n trad a  en  los 
resu ltad o s no se debe a tr ib u ir  a d iferencias en  la  d in ám ica  de c rec im ien to  en tre  los dos c u lti­
v a res , sino que se p o d ría  explicar y a  que n u estro s ex p erim en to s no a b a rc a ro n  los estad ios de 
desarrollo  m uy  precoces donde T eisson observó  ta l  inversión .

Las curvas teó ricas  calcu ladas p a ra  estos p a rám e tro s  se m u e s tra n  en  la  Fig. 1. T an to  el 
largo (1) como el d iám e tro  (d) p re sen tan  cu rv as sim ilares.

L a re lación  e n tre  el largo y  el ancho  del fru to  fue siem pre m a y o r que 1 y  varió  m u y  
poco del prim ero al riltim o m uestreo  y a  que am bas m ag n itu d es a u m e n ta n  en la m ism a p ro ­
porción. E sta  ten d e n c ia  en el co m p o rtam ien to  de los d a to s coincide con lo observado por 
Sin g leto n  (1965) en  H aw aii p a ra  el cv. C ayena Lisa.

Pesos

E l peso com pleto  de los fru to s au m en tó  sig n ifica tiv am en te  (P  =  0,05) en cada sem ana , 
a lcanzando  valores desde 0.486 kg al inicio h a s ta  1,638 k g  al fin a l del experim en to  (en tre  las 
sem anas 13 y  23 p o ste rio res  a la  inducción  flo ral).

E l peso de la  corona se increm en tó  desde a lrededor de 0,06 kg h a s ta  ap ro x im ad am en te  
0,1 kg en el m ism o in te rv a lo  de tiem p o , a u n q u e  sus oscialaciones sem anales no fueron  sign i­
fica tiv a s en la m ay o ría  de los casos.

E l peso com ple to  de la f ru ta  y  el peso sin  corona p re sen ta n  cu rv as  sim ilares con un  
aum en to  g rad u al en  el peso, m ien tras  que el peso de la  corona p re se n ta  aum entos m ucho 
m ás discretos.

Las cu rvas teó rica s  calculadas p a ra  los pesos y  las ecuaciones de regresión  o b ten idas se 
m u es tran  en la F ig . 1.

E n todos los casos los da to s exp erim en ta les  ob ten id o s se a ju s ta n  de fo rm a sa tis fac to ria  
a las curvas teó ricas calculadas.

E volución de algunos p a rá m e tro s  quím icos d u ra n te  el desarrollo del 
fru to . C om portam ien to  de los índices quím icos.

Acta Botánica Hungarica 32, 1986
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Regresión calculada y coeficiente de correlación:
Yp = 0.0169 X - 1.0971 rp = 0.9947*
YP)= 0.0163 X - 1.1085 rp = 0.9922*
Yp = 0.0006 X - 0.0082 rP2 = 0.6580*
Yj2= 0.1626 X - 0.000¿ xz- 2.6929 г, =0.9738*
Yd = 0.2066 X -  0.0006 X 2 - 5.7506 rd =0.9913*

* P < 0.01

Fig. 1. E v o luc ión  de a lgunos p a rám e tro s  físicos d u ra n te  el desarro llo  del fru to

Contenido de sólidos solubles totales (brix)

Como es conocido, el %  de sólidos solubles to ta le s  es u n  in d ic a to r del contenido de carb o ­
h id ra to s .

E l co m p o rtam ien to  del b rix  del ju g o  se m an tu v o  casi e s tab le  d u ra n te  los p rim eros 
m uéstreos, en co n trán d o sa  u n  va lo r m ínim o a  la s  14 sem anas p o ste rio res a la  inducción  floral. 
No se observaron  d iferen cias sign ifica tivas en  los d a to s  ob ten idos en  los d iferen tes m u éstreo s 
desde la  sem ana 13 h a s ta  la  17 después de la  inducción  flo ral. A  p a r t i r  de ese m o m ento  se 
observó  u n  in crem en to  rá p id o  y  sign ificativo  (P  =  0,05) h a s ta  la  m ad u rac ió n  de la  f ru ta ,  
no tán d o se  u n  au m en to  m u ch o  m ás m arcado  en  las ú ltim as 4 sem an as de la  m ad u rac ió n , es 
decir, a p a rtis  de la sem an a  20 después de la  inducción  floral.

L a  curva  teó rica  calcu lad a  p a ra  este  p a rám e tro  y la  ecuación  de regresión  o b ten id a  
se p re sen tan  en la F ig . 2. L os da to s e x p erim en ta le s  ob tenidos se a ju s ta n  sa tis fac to riam en te  a 
las curvas teóricas calcu ladas.

Acta Botánica Hungarica 32, 1986
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Contenido de ácidos titrables

E l contenido de ácidos titra b le s  (calculados como ácido c ítrico ) se in crem en ta  a m edida que 
a f ru ta  a lcanza u n  m ay o r g rado de desarrollo , aunque  se m an tien e  re la tiv a m e n te  b a jo  h a s ta  
a sem ana 17 después de la  inducción  flo ral. P o ste rio rm en te  se in c rem en ta  rá p id a m e n te  h a s ta  
a lcanzar u n  m áxim o en  la  sem ana  21 (2 sem anas an tes de que el f ru to  esté  to ta lm e n te  m ad u ro ), 
a p a r tir  de este m o m ento  com ienza a  dism inuir.

E l coeficiente de correlación  en tre  el contenido de acidez y  el núm ero  de sem anas 
después de la inducción  flo ra l fue a ltam en te  sign ificativo . L a  ecuación  de regresión  re su l­
ta n te  fue de 3er g rado . L a  cu rv a  teó rica  calculada p a ra  este  p a rám e tro  se m u es tra  en la F ig . 2.

E l com po rtam ien to  del f ru to  de p iña  del c.v. E sp añ o la  R o ja , en  lo que se refiere  al 
contenido de sólidos solubles to ta les  y  acidez titra b le , se a sem eja  a lo observado  por Sin g l eto n  
y  Go rtn er  (1965) p a ra  el cv. C ayena L isa, aunque  los cam bios observados no coinciden 
cronológicam ente, ni lo va lores o b ten idos tam poco. E s to  es lógico y a  que cada c u ltiv a r tiene  
sus caracte rís ticas específicas.

Relación sólidos solubles totales/acidez

E l coeficiente de correlación  en co n trad o  en tre  la re lación  b rix /ac id ez  y  el núm ero de sem anas 
posteriores a la inducción  flo ral fue a ltam en te  significativa.

Al an alizar la  significación de los coeficientes de reg resión  de los d istin to s grados según 
el m étodo de regresión  po linóm ica de Gauss- D o o l it t l e , se o b tu v o  u n a  a lta  significación 
p a ra  el coeficiente de segundo grado . L a  ecuación de reg resió n  re su lta n te  y la curva teó rica  
calculada se m u es tra  en  la Fig. 2.

L a  re lación  b rix /acidez d ism inuye m uy m arcad am en te  d u ra n te  las p rim eras sem anas, 
a lcanza u n  va lo r m ínim o en  la sem ana 18 después de la  inducción  flo ra l y  co n tinúa  a u m en ­
tan d o  después h a s ta  la m ad u rac ió n  com pleta  donde a lcanza  va lores ap ro x im ad am en te  iguales 
a los valores indicíales.

Es de d e s tac a r que el au m en to  de la relación  b rix /ac id ez  después de h ab er alcanzado 
u n  m ínim o en  la sem an a  18 poste rio r a la inducción f lo ra l, coincide con la  aparición  de los 
prim eros tonos am arillos en  el c en tro  de los ojos y  de los tonos m arro n es en  los bordes.

Los increm en tos en la  re lac ió n  brix /acidez son m ás m arcad o s a p a r tir  de las sem anas 
20 y  21 después de la inducción  f lo ra l, es decir, de 2-3  sem anas a n te s  de la m ad u rac ió n  com pleta  
del fru to .

Los cam bios observados en  la  relación brix /acidez  com o fue señalado  por Sin g l eto n  
y  G o rtn er  (1965) p o d rían  fác ilm en te  inducir a m alas in te rp re ta c io n es  referen tes al sabor o 
gusto  del fru to  en desrrollo .

M uchas sem anas a n te s  de la com pleta  m adurez  del f ru to , éste  tiene  una  adecu ad a  
re lación  brix /acidez. No o b s ta n te , la  calidad  podría  ser po b re  a causa  del bajo  contenido de 
azúcares y  ácidos.

A unque la re lación  brix /acidez  puede ser u n  in d icad o r ú t i l  de la  calidad  com parando  
fru to s de d iferen tes á reas en  el m ism o estado de m ad u rez , o b v iam en te , no puede serv ir como 
índice de calidad  p a ra  fru to s en  d iferen tes estados de m ad u rez.

Los da tos o b ten idos con respec to  a los p a rám etro s qu ím icos e stu d iad o s no solo a m p lia rá  
n u estro  conocim ientos sobre a lgunos cam bios b ioquím icos básicos ocu rridos d u ra n te  el desa­
rro llo  del fru to , sino que sug ieren  la existencia de estad o s reconocib les en  el desarrollo  quím ico 
del fru to .

L a  ex istencia  de estados d iscretos determ inados d u ra n te  el desarro llo  del fru to  h a  sido 
señalado por S in g l eto n  y  G o r tn er  (1965) p a ra  el cv. C ayena L isa y  po r G ortn er  e t al. 
(1967) m ien tras e s tu d ia b a  la base  b ioquím ica p a ra  la  te rm in o lo g ía  hortíco la . L odh  e t al. 
(1972) observó tam b ién  la  ex is tencia  de estados defin idos en  el cv. K ew  en la Ind ia.
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Ys s =-0.5095 x ♦ 0.026x2*30.5008 г = 0.9822*
Ya ,¡, = 1.7718 X -  0.0231 X2 * 0.0001 X 3  - 50.3999 г = 0,9825*
Ys.s./a.tit.= -0.1422 X ♦ 0.0005x2*9.9609 г =0.9067*

*Р < 0.01
F ig. 2. E volución de a lgunos p a rá m e tro s  quím icos d u ra n te  el desarro llo  del fru to

Sin em bargo, estos e stad o s no h a b ía n  sido observados ni defin idos p a ra  el cv. E spaño la  
R o ja  an tes  de la realización  de estos ex p erim en to s.

E l aum ento  ráp ido  ob se rv ad o  en  el b r ix  y  en  la acidez a p a r tir  de la  sem an a  17—18 
después de la inducción f lo ra l, el cam bio  de d irección  en la re lación  b rix /acidez  en  la sem ana 
18 y  la coincidencia de la  ap aric ió n  de los p rim ero s tonos am arillos en  el cen tro  de los ojos al 
co m en zar a au m en tar la re lac ió n  b rix /ac id ez  in d ican  o sugieren la  ex is tencia  de uno  de los 
e stad o s fisiológicos d iscretos en  el desarro llo  quím ico del fru to  de p iña.

E sto s son cam bios asociados con el período  o estado de la m ad u rac ió n  (“ m a tu ra t io n ” ).
E l increm ento  m uy  n o tab le  del b r ix  3 sem anas an tes de la  m ad u rac ió n  com pleta  

(sem an a  20 después de la inducción  flo ra l), el au m en to  de la acidez h a s ta  a lcan zar u n  m áxim o 
2 sem an as an tes de la m ad u re z  com p le ta  (sem an a  21 después de la  inducción  flo ra l) y  el 
in c rem en to  en la relación b rix /ac id ez  en las sem anas 20-21 posterio res a la inducción  floral 
(de 2 -3  sem anas antes de la m ad u rac ió n  co m p le ta ), ind ican  la ex is tencia  de o tro  de los estados 
d iscre tos en el desarrollo qu ím ico del fru to . E s ta  parece ser la e ta p a  o estado  f in a l de la m ad u ­
ra c ió n  (“ ripen ing” ).

B asándonos en los re su lta d o s  ex p erim en ta le s  señalados a n te rio rm e n te , podem os hacer 
u n  análisis de la evolución del desarro llo  del f ru to  de p iña  del cv . E sp añ o la  R o ja  de acuerdo 
con la  term inología p ro p u esta  po r G o r t n e r  e t al. (1967) p a ra  el cv . C ayena L isa y , establecer 
las d ife ren tes  e tapas de crec im ien to  del f ru to  de p iña  del cv. E sp añ o la  R o ja  en  las condiciones 
de C uba p a ra  una  época co m p ren d id a  en  el período  óptim o de cosecha.
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Así, estos períodos o e tap as  serían :

Pre-maduración :

Período de desarro llo  del fru to  a n te rio r  al comienzo del proceso de  m aduración. E s ta  e ta p a  
com ienza después de la  term in ac ió n  de la  flo ración  y  se ex tien d e  h a s ta  ap ro x im ad am en te  la  
sem ana 17 poste rio r a la  inducción f lo ra l (6 sem anas an te s  de que  el fru to  se coloree to ta l ­
m ente). Se c a rac te riza  esta  e tap a  po r u n  aum en to  considerab le  de  las dim ensiones del f ru to .

E l b rix  se m an tien e  b a s ta n te  estab le  en  este período  a u n q u e  presen ta  un  m ín im o .
L a acidez ta m b ié n  se co m porta  b a s ta n te  estab le  y  sus va lo res  son  bajos.

Maduración (“ maturation”):

Período de desarro llo  del fru to  d u ra n te  el cual el fru to  em erge de  la  e ta p a  incom pleta p a ra  
ad q u irir  su com pleto  crecim iento  y  su m áx im a  calidad  com estible.

E s ta  e ta p a  e s tá  com prendida e n tre  la sem ana 17 h a s ta  la  23 después de la in d u cc ió n  
floral, es decir, el período  de las 6 sem an as an terio res a que el f ru to  se coloree to ta lm e n te .

E l com ienzo de e s ta  e tap a  se c a rac te riza  por un  au m en to  n o tab le  en  el b rix  y  un  a u m en to  
en  la  acidez. D u ra n te  e s ta  e tap a  se o b se rv a  tam b ién  u n  m áxim o en  el contenido de ácido y  u n  
m ínim o en la re lac ió n  brix /acidez.

E n  este período  com ienza tam b ié n  a colorearse el f ru to , aparec ien d o  los tonos am arillo s  
en  el cen tro  de los o jos y  los tonos m arro n es en los bordes que fu e ro n  aclarándose b a s ta  que  
aparecieron  los to d o s n a ran jas .

Maduración fin a l o completa (“ ripening’’’) :

E ta p a  te rm in al de la  m ad u ració n  d u ra n te  la cual el f ru to  a d q u ie re  su  to ta l  desarrollo y  su  
m áxim a calidad  com estib le  y  estética .

E s ta  e ta p a  e s tá  inclu ida  d en tro  de la  e tap a  de m a tu ra tio n . E l r ip en in g  que está  co m p ren ­
d ida  en tre  las sem an as 20 y  23 p o ste rio res a  la inducción flo ra l (período  de 2 o 3 sem anas a n te s  
de que el fru to  a lcan ce  su  com pleta m ad u rez).

E n  esta  e ta p a  ocu rren  fu n d a m e n ta lm e n te  cam bios qu ím icos y  se caracteriza  p o r u n  
increm ento  m uy n o ta b le  en el b rix , p o r el m áxim o a lcanzado  por la  acidez, por el in crem en to  
m arcado  de la re lac ió n  brix /acidez y  p o r el aum en to  m arcad o  en  el contenido de azú cares 
to ta les  y  sacarosa.

Al final de e s ta  e tap a  el f ru to  e s tá  to ta lm en te  coloreado p re sen tan d o  una  coloración 
am arilla  bien  d e fin id a  en  el centro  de los ojos y  n a ran ja  in tenso  en  los bordes.

Las e tap as  a n te s  descritas se e n c u e n tra n  señaladas en la  F ig . 2.

Conclusiones

E l co m p o rtam ien to  de los índ ices físicos y  quím icos observados d u ra n te  
el desarrollo  del f ru to  de p in a  in d ica  que p a ra  el c u ltiv a r  E spañola  R o ja  
ex is ten  tam b ién  varios estados d iscretos reconocibles d u ra n te  el desarrollo del 
fru to . E ste  co m p o rtam ien to  p e rm ite  ca rac te riza r — a tra v é s  de ind ica to res 
físicos y  quím icos — las d iferen tes e tapas del c rec im ien to  del fru to  de p iñ a  
p a ra  el c.v. E sp añ o la  R oja en las condiciones de C uba p a ra  una  época com -
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p re n d id a  en el período  oprim o de cosecha . Las e tapas d esc rita s  son: p re ­
m ad u rac ió n , m ad u rac ió n  y  m ad u rac ió n  f in a l o com pleta.

Las ecuaciones de regresión ca lcu lad as  p ara  los p a rá m e tro s  físicos y 
qu ím icos m edidos p o d ría n  u tiliza rse  p a ra  co n tro la r el e s tad o  de desarro llo  de 
la s  p lan tac iones com erciales.

E l período óp tim o  de cosecha p a ra  la  exportación  en fresco h ac ía  m er­
cad o s  lejanos es tá  co m p ren d id a  en tre  la  sem an a  20 y  21 p o ste rio res  a la  in d u c ­
c ión  flo ra l, donde el f ru to  h a  a lcanzado  u n  peso m ayor a 1 k g  e índices acep­
ta b le s  en su calidad  in te rn a , a lcan zan d o  poste rio rm en te  d u ra n te  su tra n sp o r­
ta c ió n  u n a  coloración e x te rn a  acep tab le .

E l período óp tim o  de cosecha p a ra  el consum o local y  la  in d u s tr ia  con­
se rv e ra  está  com prend ido  en tre  las 22 y  23 sem anas poste rio res a la  inducción  
f lo ra l, en este m om en to  el fru to  ha  a lcan zad o  índices ó p tim os en su calidad .
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ACIDIFICATION OF SOIL AND DECAY 
OF SESSILE OAK IN THE “SÍKFŐKŰT PROJECT” 

AREA (N-HUNGARY)*
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1 D E P A R T M E N T  O F  E C O L O G Y , K O S S U T H  L A J O S  U N I V E R S I T Y ,  D E B R E C E N ,  H U N G A R Y

2 D E P A R T M E N T  O F  B O T A N Y , K O S S U T H  L A J O S  U N I V E R S I T Y ,  D E B R E C E N ,  H U N G A R Y

(R eceived: 19 F e b ru a ry  1986)

T his p a p e r p resen ts  a discussion of th e  re su lts  o b ta in ed  fro m  th e  in v estig a tio n  
of dying sessile oaks in  th e  resea rch  area  “ S ík fokú t P ro je c t” (N -H ungary ). The a lu ­
m in ium  and  o th e r  to x ic  h eav y  m eta ls  becom ing w a te r  soluble in  acidic fo rest soils 
decrease th e  absorb ing  cap ac ity  o f  roo t-system s of tree s  p rim arily  th ro u g h  the  d estru c ­
tio n  of m ycorrh iza-fungi. T h is , in  th e  end, causes th e  trees  to  die in  a s ta te  of w a te r 
and  n u tr ie n t c ircu la tio n  stress. T he p ap er offers a new  com plex ecological d iag ram  
show ing th e  d iffe ren t w ay  of tree -d y in g  excep t th e  n a tu ra l  ca tas tro p h ie s  and aging. 
T he bold line in d ica tes  th e  p ro v ed  in d irect p a th  of d e a th  of sessile oaks caused b y  
air po llu tion .

Introduction

The causes of th e  accelerating  fo res t decay th a t  s ta r te d  in  recen t y ears are being s tud ied  
w ith  a huge a p p a ra tu s  all over th e  w orld . T his problem  is ap p ro ach ed  fro m  tw o m ajo r d irec­
tio n s  (w ith  m an y  tran s itio n s  be tw een  them ):

1. T he p rim ary  cause of tree  decay  and disease is an  epidem ic g enera ted  by  some 
p a th ogen ic  m icroorgan ism , a fungus, less freq u en tly  a fu ngus an d  a b ac te riu m  to g eth e r or 
p e rh ap s  a v iru s (theories of epidem ics). I f  pa thogenic  fung i ge t in to  th e  w a te r and  n u tr ie n t 
c a r ry in g  vascu la r tissues of a deciduous tree , th e  disease is called  tracheom ycosis.

2. T he p rim ary  cause of tree  decay  and disease is a change in som e ab io tic  or b io tic  
en v iro n m en ta l fac to r th a t  passes th e  to le rance  level of a tree  (“ ecological theo ries” ). S u p ­
p o rte rs  of th is  th eo ry  lin k  fo res t decay  a ll over th e  w orld  to  th e  d e te rio ra tio n  of env iro n ­
m en ta l q u a lity  caused b y  h u m an  a c t iv ity  (e.g., inco rrect fo res try , air p o llu tio n , acid deposi­
t io n , etc.).

Decay of forests in Hungary

The process of decay  of sessile oak in H u n g a ry  speeded up  in  th e  la te  
1970’s. This tree  species c o n stitu te s  15.5%  of th e  p re sen t fo rest stock  in  th e  
co u n try  (S a l i  1979). B u t accord ing  to  th e  re c o n s tru c te d  v eg e ta tio n  m ap th e  
com m unities Quercetum petraeae-cerris and  Querco petraeae-C arpinetum  — in  
w hich th e  Quercus petraea  trees  occur w ith  a 5 0 -6 0 %  frequency  — once 
covered 30%  of th e  c o u n try ’s te r r i to ry  ( J a k u c s  1980). T h a t is, sessile oak is

* “ S ík fokú t P ro je c t”  No. 105.
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one of th e  m ost im p o r ta n t  aborig inal tree  species in  H u n g ary . D ecay  can  also 
be observed  in  th e  case o f  Quercus robur, A ln u s  glutinosa, Fagus silvatica  and  
in  p la n te d  pine species. A ccording to  th e  fo rest su rvey  o f 1982-83, decay  was 
fo u n d  in  11% of th e  p re se n t fo rest a rea  in  H u n g ary , o f w hich 7 .5%  concerned 
sessile oak. B etw een 1981 and  1983, a lto g e th e r 1.2 m illion m 3 tim b e r  perished 
of w hich  900 000 m 3 w as m ade up of Quercus petraea  ( I g m a n d y  e t al. 1984, 
S ó l y m o s  1985).

T he decay of o ak  occurs regard less of com m unity , fo rest ty p e , sp ro u t or 
seed ling  origin of tre e s , in  n a tu ra l o r p lan ted  s tan d s an d  ap p ears  in  every  
age-g roup . No c o rre la tio n  can  be e stab lish ed  w ith  e lev a tio n  above sea level 
or exposition . U neq u iv o ca l is, how ever, th e  re la tionsh ip  betw een  th e  frequency  
o f decay  and the  ty p e  o f  soil. T ree decay  is fa r m ore in ten siv e  on deep, clayey, 
an d  sligh tly  acidic b ro w n  fo rest soils or on shallow  pseudo-podzols form ed 
o v er acidic bedrocks (an d esite , q u a rtz ite , rio lite , shale, etc .) th a n  in forests 
g row ing  on soils r ich  in  bases over lim e an d  dolom ite bedrock .

The ex ternal signs o f th e  process o f decay of sessile oak  in  H u n g a ry  are: 
yellow ing of leaves, d im in ished  lea f area , few er leaves developing  in  th e  firs t 
s tag e  o f the  v eg e ta tio n  period, w ith erin g  of apical shoots, d ro p p in g  firs t of 
sm aller, la te r of la rg e r b ran ch es, c rack ing  of b a rk  on tree  tru n k s  follow ed by 
peeling  off. The p rocess m ay  som etim es la s t 1-2 years (in such cases, ch a r­
a c te ris tic  “ suckers”  m a y  ap p ear on th e  tru n k  or la rger b ranches). I t  m ay 
also ta k e  place a b ru p tly , w ith in  2 -3  w eeks, w ith  th e  d ry  b row n  leaves often 
rem ain in g  on th e  tre e  t i l l  a u tu m n . T he dead  tree  rem ain ing  in  th e  fo rest is 
felled  usually  by  s tro n g  w inds w ith o u t its  roo ts th a t  rem ain  in  th e  ground 
(see: P la te  I).

The ra te  o f  decay, changes in  stru c tu re  and  a lte ra tio n s 

in  ce rta in  factors in  th e  S íkfőkút forest

Since 1972, co n tin u o u s  and  com plex  ecological research  has been going 
on in  th e  fram ew ork  o f  MAB p ro g ram  in a s tan d  of th e  c lim azonal oak  forest 
co m m u n ity  covering th e  foothills of th e  N o rth e rn  H u n g arian  M ounta ins (“ Sík­
fő k ú t P ro jec t” ). T he resea rch  p ro jec t was in ten d ed  to  explore am ong o ther 
th in g s  stru c tu re , p ro d u c tio n , p a th  o f energy  flow  and  e lem ent cycles of the  
fo re s t ( J a k u c s  1973, 1978, J a k u c s  e t al. 1981). Besides several papers, some 
o f th e  results have p u b lish ed  in  a book  ( J a k u c s  ed. 1985).

In  th e  one h e c ta re  cen tra l p lo t o f th e  P ro jec t a rea each tre e  was n u m ­
b e re d  in 1972 and  th e  d is tr ib u tio n  o f tru n k s  and  le a f  cover w as charted . 
T h e re  were 690 70 -7 5 -y ear-o ld , h e a lth y  Quercus petraea  s ta n d in g  in  1973. 
U p  to  1978 (a period o f  6 years) 16 trees died (owing to  dam age b y  wind and 
n a tu ra l  death) w hich m eans an an n u a l 0 .4%  average. T he speeding  up of the
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P l a t e  I .  D ying (a), deceased  (b) in d iv id u a l o f Quercus petraea, p eelin g  o f b a rk  (c) and  fa ll o f 
tree  from  th e  soil w ith o u t i ts  ro o ts  (d) in  the  “ S ík fő k ú t”  re sea rch  area
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P l a t e  I I .  O b s tru c tio n  of sapw ood in  th e  h e a lth y  (a), d iseased  (b , c) and dead  (d) oaks (These segm ents a re  a d jacen t
to  th e  b a rk .)
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Table 1

The number o f  Quercus petraea trees deceased in  the central hectare and quarter-hectares 
o f  the “S ík fő k ú t Project” between 1972 and 1985 as well as the number o f  trees showing the signs 

o f  disease in  1985 and the number o f  trees fa llen  by A ugust 30, 1985

I d e n t i f i c a t i o n  
o f  q u a r t e r h e c t a r e s

N u m b e r  
o f  t r e e s  
in  1972

N u m b e r  o f  d e c e a s e d  t r e e s T o t a l D is e a s e d  F a l le n  
U e e s  m  t r e e s  

19851 9 7 2 -7 8 7 9 - 8 0 81 82 83 84 85 n u m b e r %

A 206 10 42 8 6 15 10 12 103 50.0 13 34
в 152 2 15 5 4 9 12 10 57 37.5 28 15
c 184 3 34 2 3 10 9 33 94 51.0 12 32
D 148 1 19 10 3 7 23 13 76 51.3 8 11

T ota l h ectare 690 16 110 25 16 41 54 68 330 47.8 61 92
Quercus cerris 124 6 CO — —

F o rest/h ec tare 814 336 41.2 61 92

tree  decay  has been traced  since 1978 (T able  1). U p to  A ugust, 1985 4 7 .8 %  of 
sessile oaks died and  sy m p to m s of th e  disease were observed  in  16.9%  of th e  
still liv ing  trees. 28%  of th e  dead  trees have  fallen, th e  re s t are  still s tan d in g . 
In  th e  sam e one hectare  a rea , th e re  w ere 124 Quercus cerris in  1972. O f th e m  
6 (4 .8% ) trees  have died in  th e  p a s t 13 years  m ain ly  because of sto rm  dam age. 
No signs o f disease are visible in  th e  rem ain ing  ones.

A rem ark ab le  change has ta k e n  p lace in  th e  sh ru b  level since 1979. 
32%  o f sh ru b s ta lle r th a n  1 m  have w ithered . A lm ost all Quercus petraea  of 
shrub-size have  d isappeared , an d  th e  n u m b er of Cornus mas an d  Acer cam- 
pestre sh ru b s  was halved . T he sh rubs an d  saplings sh o rte r th a n  1 m  are  also 
d im in ish ing  in  num ber (K Á R Á SZ  e t al. 1986).

D ue to  th e  decay of trees , th e  w hole s tru c tu re , p a tte rn , an d  p o p u la tio n  
d iv e rs ity  of species is in  a process of tra n sfo rm a tio n . The fo rm er stab le  r a d ia ­
tio n  ba lan ce , albedo, and  in te rc e p tio n  o f ra d ia tio n  and  p re c ip ita tio n  h av e  also 
a lte red . S ign ifican tly  m ore so lar energy  en te rs  th e  fo rest in  th e  place of decayed  
trees or g roup  of trees in  a m osaic-like fash ion  th a n  before an d  th e  in te rn a l 
p a r ts  of th e  forest get w arm er an d  d rie r ( N a g y , J u s t y á k  1986). T he soil 
is covered  even in m id-sum m er by  an  ever th ick e r lay er of fo rest l i t te r  con­
ta in in g  a lm o st in ta c t leaves of th e  p rev ious year, a fa c t th a t  po in ts  to  a d is­
o rder in  decom position  ( T ó t h  1985). T he fo rest com pensates for th e  m issing 
foliage cover by  the  m ore in ten siv e  g ro w th  of th e  ta lle r, tree-like  sh rubs (e.g. 
Acer campestre) as well as b y  th e  increased  size of canopy  of th e  still h e a lth y  
trees  (m a in ly  Quercus cerris). T he 8.29 h a /h a  lea f  area  in d ex  o f th e  fo res t in  
1972-76, h as, how ever, decreased b y  cca. 2 h a /ha .

T he d e ta iled  in p u t-o u tp u t e lem ent b u d g e ts  in d ica ted  as ea rly  as 1973-76 
th a t  th e  soil in  th e  fo rest w as acid ify ing. W ith  respect to  Ca and Mg, th e
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Table 2

R esults o f  chemical analysis o f  two soil profiles 
( I n  1973 analysis was performed by M . K ovács, 1976 by P . Stefanovits, 

and  in  1985 it was repeated by I .  B erki)

Soil profile  1

197 3  I 1985
D e p t h  (cm )

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

1- рН(н,о| 5.0 4.8 5.2 5.2 5.5 5.7 6.3 5.2 5.6 5.9 6.1

2- pH(Kci) 4.4 4.1 4.2 4.3 4.5 4.7 4.9 3.3 3.5 4.1 4.3

3. 1 - 2. 0.6 0.7 1.0 0.9 1.0 1.0 1.4 1.9 2.1 1.8 1.8

4- Y i 29.0 30.7 18.5 14.5 13.1 10.6 15.0 42.0 17.5 12.0 11.2

5- y-i 3.7 10.9 3.6 1.9 0.3 0.1 0 28.0 4.0 0.5 0.5

6. O rganic m at- 
te r  (%)

7. E xchangeable

3.2 2.6 0.7 0.2 — — 3.3 1.2 0.3 0.7 0.5

cations 
(m e/100 g)

C a2+ 12.2 10.2 18.1 19.8 22.8 23.3 19.4 6.7 9.2 22.2 20.2
Mg'- + 2.0 2.9 5.1 8.6 5.5 5.5 4.6 3.4 3.8 8.8 8.2
K  + 0.6 0.3 0.3 0.3 0.3 0.3 1.4 0.5 0.4 0.6 0.6
N a + 0.1 0.1 0.2 0.2 0.4 0.3 0.06 0.06 0.09 0.2 0.3

S-value 14.9 13.6 23.8 26.0 28.9 29.6 25.5 10.7 13.5 31.8 29.3

Ca- + 82.1 75.0 76.4 76.2 78.8 78.7 76.2 62.6 [68.3 69.8 68.9

M g2 + in %  of 13.4 21.7 21.5 21.5 19.0 18.7 18.0 32.0 27.9 27.6 28.0

K  + S-values 3.8 2.4 1.4 1.5 1.1 1.1 5.5 4.8 3.2 1.9 2.1

N a + 0.7 0.9 0.7 0.9 1.1 1.5 0.3 0.6 0.6 0.7 1.0

Soil profile 2

1976 1985

0 - 1 0 1 0 - 2 5 2 5 -4 0 4 0 -7 0 7 0 - 1 0 0 0 - 1 0 1 0 -2 5 2 5 -4 0 4 0 - 7 0 7 0 - 1 1 0

1- pH(HiO) 5.3 4.7 5.2 6.2 6.0 6.0 5.1 5.1 5.3 5.6

2- p H (Kci) 4.6 3.8 4.0 6.0 5.4 4.9 3.4 3.4 3.8 4.0

3. 1. 2. 0.7 0.9 1.2 0.2 0.6 1.1 1.7 1.7 1.5 1.6

4- У: 28.0 38.3 22.0 15.3 11.1 18.5 37.0 27.0 17.0 15.0

5. y2 1.1 17.2 4.4 — — 0.2 18.5 12.0 2.5 0.9

6. O rganic m at-
te r  (0 / \ /0/ 5.4 2.7 2.2 1.8* 1.2* 3.6 1.4 1.0 0.5 0.7

* Fe and Mn concre tions d istu rb  the ox id iinetric  d istrib u tio n  of organic m atte r.
The organic m a tte r  c o n ten t was calcu la ted  from  th e  organic carbon concen tra tions 

de term ined  b y  TOC analyser.
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e lem ent-balance  of th e  ecosystem  was m arked ly  n eg a tiv e , w hereas i t  was 
po sitiv e  in  th e  case of S, Cl, Zn and  o ther h eav y  m eta ls  th ro u g h o u t 4 years 
( J a k u c s  e t al. 1981, J a k u c s  1985). T hen, we in d ica ted  th a t  th e  process of 
ac id ifica tion  w ould soon be m an ifested  by  th e  tra n s fo rm a tio n  of flo ra  in  
th e  forest.

T able 2 p resen ts th e  fin d in g  o f tw o soil p ro files d igged earlie r and  a n a l­
ysed  again  in  1985. I t  is clear from  th is  Table th a t  th e  p H  v alue  in  th e  10-40 
(-50) cm deep soil lay e r densely  in te rw oven  b y  ro o ts  decreased  b y  0 .4-0 .8  
u n it  in  a period of a b o u t 8 -10  y ea rs . E specially  re m ark ab le  is th e  increase in  
th e  values of exchange ac id ity  (y 2). As a consequence of ac id ifica tion , th e  
S values, the  to ta l co n cen tra tio n  o f exchangeable  ca tio n s are decreasing in 
these  layers as well as th e  exchangeab le  Ca2+ ion co n cen tra tio n . T he Ca q u a n ­
t i ty  in  percentage of th e  S-value is cca. 10%  less th a n  fo rm erly  ( B e r k i  1986).

As regards th e  tree  decay  in  th e  S íkfőkút P ro je c t area, d e ta iled  stud ies 
are conduc ted  concern ing  th e  seasonal change o f th e  availab le  soil w a te r 
co n te n t, th e  effects caused by  p h y to p h ag o u s  organism s, th e  possible p ro p ag a ­
tio n  of th e  pathogen ic  organism s an d  p arasites o f w eakness b y  vecto rs e.g., 
b a rk  batles and m etallic  wood bo rers , etc. The p re sen t p a p e r offers our find ings 
in  th ree  such p a rts  o f our research , w here d a ta  w ere o b ta in ed  th ro u g h  a com ­
p a ra tiv e  analysis of h e a lth y  an d  diseased trees, o f th e ir  rh izospheres an d  of 
th e  soils close to  th e  roo ts in  th e  sam e area.

A com parative chem ical analysis of soils, roo ts an d  leaves

On Ju n e  22, 1983, we to o k  5 sam ples each o f th e  soil a ro u n d  2 h ea lth y  
tree s  an d  2 trees show ing disease sym ptom s a t a d is tan ce  of 1.5 m  from  th e  
tru n k  and a t  a d e p th  of 10-40 cm . T hen  we m ixed th e  soil sam ples belonging 
to  one tree . S im ultaneously  we to o k  sam ples also of ro o ts  w ith  a d iam ete r 
less th a n  1 m m  and  also of tho se  w ith  a d iam ete r of 1-5 m m  in 5 places in  
th e  case of each tree . M ixed le a f  sam ples w ere co llected  a fte r  th e  trees 
w ere felled.

In  the  chem ical analysis soil p H  was m easured  in  KC1 and  also in  d is­
tilled  w a te r suspension (1 : 2.5), and  th e  values of h y d ro ly tic  (yq) and  exchange 
ac id ity  (y2) were estim a ted  too . N H 4—N and N 0 3—N  w ere dete rm in ed  — in 
a 1%  KC1 e x tra c t — b y  m eans of s team  d istilla tion , w hereas P  co n ten t — in 
a C a-lac ta te  e x tra c t — by  m olybdenum -b lue  m ethod . E x changeab le  Ca, Mg, 
A1 w ere e x trac ted  w ith  M KCl (1 : 2.5), exchangeable  Mn w ith  0.05 M E D T A  
(1 : 2). In  these  tw o soil e x tra c tio n s  Fe co n cen tra tio n  was also m easured. 
Zn co n cen tra tio n  w as de te rm in ed  a fte r  ex trac tio n  w ith  0.5 M HCl (1 : 100). 
A fte r  ign iting  a t 600 °C and  su b seq u en t so lu tion  in  HC1 th e  ca tion  co n ten t of 
th e  p la n t sam ples w ere m easured  w ith  an  a to m -ab so rp tio n  sp ec tro p h o to m ete r.
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According to  d a ta  in  T ab le  3, th e  soil in  th e  p ro x im ity  o f th e  tre e s ’ roo t 
sy s tem s  (10-40 cm) is ac id  (in accordance w ith  values m easu red  a t  th e  sam e 
levels  in Table 2). T h e  p H  values m easu red  in  d istilled  w a te r  suspension  and  
in  KC1 suspension d iffe r w ith  m ore th a n  1 u n it. A ccord ingly , v e ry  high levels 
o f  h y d ro ly tic  (yx) an d  ex ch an g e  acid ities (y a) can  be m easu red . C om pared  w ith 
h e a l th y  trees, th e  p H  o f th e  soil close to  th e  ro o ts  of d iseased  tre e s  decreases 
o n ly  slightly , while th e  у г an d  y 2 values are  s ig n ifican tly  h igher.

I f  the  n u tr ie n t co n cen tra tio n s  of soils in  c o n ta c t w ith  th e  ro o t system s 
o f h e a lth y  and diseased  tre e s  are  com pared , i t  is fo u n d  th a t  Ca, Mg, К  and P  
co n cen tra tio n s are 2—3 tim es  low er a round  th e  ro o ts  of d iseased  trees th a n  
a ro u n d  those of h e a lth y  ones. The co n cen tra tio n s of N H , — N , M n, Zn and  Fe 
a re  ab o u t the  sam e w hile  those  of N 0 3—N  and  A1 h igher in  soil su rround ing  
th e  ro o ts  of diseased tre e s . S tu d y in g  th e  re la tio n sh ip  be tw een  ac id ifica tion  
A l3+ concen tra tion , a n d  N 0 3—N in ta k e , B e r e z o v s z k ij  e t al. (1976) po in ted

Table 3

The chemical analysis o f  soil in contact 
w ith  the root-system o f  tree at depth 10—40 cm  

( means o f  two m ixed samples)

H e a l th y

t r e e s

D is e a s e d

P^distilled water 5.01 4.84

p H kci 3.83 3.67

J l 48.62 54.90

Уг 25.50 39.29
N H j —N , m g/100 g 1.904 1.523
N O jf—N , m g/100 g 0.038 0.191
E xch an g eab le  Ca , m g/g 2.113 0.788
E x ch an g eab le  Mg, m g/g 0.534 0.420
E x ch an g eab le  Al, m g/g 0.454 0.721
E xch an g eab le  Mn, m g/g 1.329 0.965

Z nHCb mg/g 0.060 0.048
F e KCi, m g /g 0.003 0.003
FeEDTA* m g /g 0.739 0.768

Table 4

The mole ratios o f  C a/A l and 
M g /A l in  soils in  contact with 

healthy and diseased trees

Healthy D is e a s e d

tree

Ca/Al 3.137 0.738
Mg/Al 1.310 0.648
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Table 5

Element concentration in  the fractions o f  healthy 
and diseased trees ( in  mg/g)

H e a l th y  t r e e D is e a s e d  t r e e

l e a f
r o o t

( 1 -5  m m )
t h i n  r o o t  

(1  m m ) le a f
r o o t

(1 —5 m m )
t h in  r o o t  
(1 m m )

Ca 5.654 12.582 6.176 4.301 11.857 7.114

Mg 2.573 2.258 1.686 1.851 1.740 1.562

К 5.311 1.142 1.941 5.205 8.831 5.458

Al 0.053 0.453 1.065 0.072 0.770 1.485

Fe 0.163 0.189 0.387 0.222 0.232 0.445

Mn 2.287 0.417 0.496 1.358 0.658 0.616

Zn 0.019 0.017 0.023 0.016 0.017 0.020

N a 0.197 0.304 0.389 0.199 0.205 0.274

o u t th a t  a h igh Al3+ c o n cen tra tio n  developing a t  low  p H  values m ay  block 
th e  in ta k e  of N O /-.

In  re la tio n  to  p la n t dam ages caused by  soil a c id ity  U lrich  (1983) 
reg a rd s  th e  changes in  th e  m olar ra tio s  of Ca/Al and  M g/Al as essen tia l. A ccord­
ing  to  h im , tre e  g ro w th  is depressed  if  th e  Ca/Al g ram m  m olecule ra tio  falls 
below  2. Below 0 .4 -0 .5 , th e  d an g e r of A l-tox icity  is v e ry  g rea t and below 
0.15  all p la n ts  suffer grave dam age. A ccording to  o u r find ings (T able 4) the  
Ca/A l ra tio  is 3 -4  tim es sm aller a t  th e  roo ts of d iseased  trees th a n  in  soils in 
c o n ta c t w ith  th e  roo ts of h e a lth y  trees . W hen our re su lts  are com pared  w ith  
th e  lim it values estab lished  b y  U l r ic h , the  Ca/Al ra tio  ind ica tes dam age 
caused  b y  A1 in  d iseased trees. T he re la tiv e  accum ula tion  of A1 in  th e  p ro x im ity  
o f th e  roo ts of d iseased trees is also m an ifested  in  th e  M g/Al ra tio .

The d is tr ib u tio n  of e lem ents in  th e  d ifferent p a r ts  o f a tree  (leaf, roo t 
an d  th in  ro o t frac tions) changes sig n ifican tly  in th e  disease (Table 5). F rom  
th is  p o in t o f view , th e  elem ents s tu d ie d  can be ca teg o rized  in  th ree  groups:

1. A large-scale accu m u la tio n  in  th e  roo t system  is ch a rac te ris tic  of Ca, 
A l, F e and  Zn; th e ir  c o n cen tra tio n  in  th e  u n d erg ro u n d  frac tio n  increases in  
response to  th e  disease. Al an d  F e  concen tra tions in creased  in  th e  leaves too.

2. The co n cen tra tio n  of Mg a n d  Mn is h ighest in  th e  leaves. C om pared 
w ith  h e a lth y  trees, th e ir  co n cen tra tio n  rem ark ab ly  decreases in  th e  leaves of 
d iseased  trees. A t th e  sam e tim e , how ever, a decrease in  Mg co n cen tra tio n  
a n d  an  increase in  M n co n c e n tra tio n  occur in th e ir  ro o t frac tions.

3. A d ifferen t co n cen tra tio n  d is trib u tio n  is ch a ra c te ris tic  o f po tassium  
in h e a lth y  and  diseased trees. W hile  in h ea lthy  tree s  its  co n cen tra tio n  is 
h ig h est in  th e  leaves, in  d iseased  tree s  m ost po tassiu m  is co n ta ined  in  th e  
ro o ts . In  th is  frac tio n  of d iseased trees, К  co n cen tra tio n  is 8 tim es h igher
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Table 6

Concentration ratios o f  different elements in  the fractions  
o f  examined trees

C a /K C a /A l M g /A l

H ealthy  tree , leaf 1.065 106.670 48.538
ro o t 11.018 27.719 4.986
th in  roo t 3.182 5.805 1.585

Diseased tree , leaf 0.826 59.669 25.899
ro o t 1.343 15.676 2.262
th in  roo t 1.303 4.787 1.054

th a n  in  th a t  of h e a lth y  ones, h u t th e ir  th in  ro o t frac tio n  also con ta ins th is  
e lem en t a t nearly  3 t im e s  h ig h er concen tra tion .

B a r t u s k a  an d  U n g a r  (1980) found  sim ilar Al, Mg, M n and  Ca dis­
tr ib u t io n  in the leaf, t r u n k  an d  ro o t frac tions of Betula nigra  in  th e  3.2-4.7 
soil p H  in terval, b u t  th e y  found  a v e ry  large co n cen tra tio n  of Al in  th e  roo ts, 
te n  tim es larger th a n  in  th e  soil. The Ca/Al and  Mg/Al ra tio s  are  narrow er in 
th e  frac tions of d iseased  trees  an d  th e y  d ram a tica lly  decrease in  d irection  
fro m  th e  leaves to  th e  th in  ro o t frac tio n  as a re su lt of th e  large-scale  accum ula­
tio n  o f Al in  the ro o ts  a n d  th in  roo ts (Table 6).

A greater degree o f  accu m u la tio n  of som e of th e  s tu d ied  elem ents in  the  
ro o t an d  th in  roo t fra c tio n s  of th e  diseased trees com pared  w ith  those of the  
h e a lth y  ones as well as th e ir  tra n sp o r t  from  th e  roo ts (the  site  o f  in take) was 
to  som e ex ten t h am p ered .

Changes in the thin roots and the mycorrhiza

T here are several re ferences in  lite ra tu re  to  th e  fac t th a t  dam ages lead ­
in g  to  th e  death  of tre e s  m ay  also o rig inate  from  th e  rizosphere . The th in  
ro o ts  covered b y  la rg e  su rface  m ycorrh iza p lay  a crucial role in  the  w ater 
a n d  n u tr ie n t supp ly  o f  p la n ts  b u t th e y  m ay  tra n sfe r  p h y to to x ic  m aterials 
t h a t  occur in the  soil o r a re  deposited  in to  th e  soil from  e x te rn a l sources. The 
a t ta c k  of p h y to p a tlio g en es can  be m ore in ten siv e  if  th e  q u a n ti ty  of th e  
sy m b io tic  m ycorrhiza fu n g i also p lay ing  a role in  defense is decreased  due to  
som e fac to r (M a r x  1973, W i n g f i e l d  1968, etc.). T herefore, we exam ined 
co m p ara tiv e ly  the  th in  ro o ts  an d  th e ir  m ycorrh iza  of h e a lth y  an d  diseased oaks.

In  order to  c h a ra c te r iz e  th e  th in  roo ts (d iam ete r <[ 1 m m ) of h ea lthy  
a n d  diseased trees, th e  le n g th  of roo ts an d  th e  to ta l  len g th  o f la te ra l roots 
w as m easured , while th e  n u m b e r of roo t tip s  and  q u a n tity  o f ac tiv e  and passive
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Table 7

The characteristics o f  th in  roots o f  healthy and diseased trees (Ju n e , 1983)

S a m p le

L e n g t h  o f  t h in  r o o ts  
(cm )

N u m b e r  o f  r o o t  t ip s Q u a n t i t y  o f m y c o r r h iz a Q u a n t i t y  o f  a c t i v e  
m y c o r r h iz a

1. 2. 1. 2 . 1. 2. 1. 2 .

L ökbérc
healthy 39.8 414.5 117.7 1219.7 94.7 986.7 35.0 373.2
diseased 19.0 116.9 53.7 333.8 37.0 222.4 9.7 56.9

S íkfokút
h ealth y 30.9 189.2 95.0 575.9 77.7 470.5 24.6 149.0
diseased 27.2 148.3 58.0 318.1 41.0 224.2 10.0 53.9

Q uantities un d er (1.) for ro o t seg m en t (5 cm), the  values u n d e r (2.) for 1000 cm 3 o f soil.

m ycorrh iza  w ere also s tu d ied . A c tiv e  an d  passive m y co rrh izae  were se p a ra te d  
accord ing  to  H a r v e y  e t al. (1976). R o o t sam ples for th e se  investiga tions w ere 
ta k e n  from  tw o  decaying  oak  fo re s t s ta n d s  in  the  B ü k k  M ountains (S ík fokű t, 
L ökbérc). F ro m  each  place th re e  h e a lth y  an d  three d iseased  trees were sam pled . 
F rom  u n d er th e  sam ple trees , 1 0 x 1 0 x 2 0  cm soil m on o lith s  were ta k e n  in  
th ree  rad ia l d irections a t  e v e ry  20 cen tim eters. A fte r  tho rough  w ash ing , 
10 5 cm  long segm ents o f 1 m m  d iam e te r  were c u t fro m  th e  roo t sam ples 
from  each  tree  and  th e ir  q u a n t i ta t iv e  p aram eters  w ere m easured . T he resu lts  
w ere expressed for th e  5 cm long  segm en ts and also fo r 1000 cm 3 of soil ( F o g e l  

1980, M a j s t r i k  1975). T ab le  7 show  th a t  th e  above q u a n tita tiv e  p a ra m e te rs  
differ m ark ed ly  betw een  h e a lth y  a n d  diseased trees. T h e  to ta l  leng th  o f  th in  
ro o ts  of h ea lth y  trees is g re a te r  b o th  for 5 cm segm ent an d  for the  1000 cm 3

Fig. 1. T h in  roo ts  o f h e a lth y  (a) a n d  d iseased  (b) sessile oaks f ru a i  th e  soil layer o f 25 cm
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soil vo lum e com pared  w ith  th e  co rrespond ing  values of d iseased  trees. This 
h o ld s  good for b o th  sam p le  areas, th o u g h  th e  difference in  L ökbérc  sam ples 
w as m ore  expressed. H e re , th e  to ta l  len g th  o f th e  th in  ro o ts  o f  h ea lth y  trees 
w as 414.5 cm in  1000 c m 3 soil, w hereas in  decaying  trees  i t  w as 116.9 cm. 
T h e  above  difference is a d e q u a te ly  ren d ered  b y  Fig. 1 w hich  p resen ts  a roo t 
seg m en t bo th  from  a h e a lth y  an d  a diseased tree . The th in  ro o ts  of decaying 
tre e s  h a d  sign ifican tly  few er side-roots, few er p rim ary  an d  secondary  roo ts 
s ta r te d  from  the  5 cm  seg m en t com pared  w ith  th a t  of h e a lth y  trees. T h a t is 
w h y  th e  system  of th in  ro o ts  o f th e  d iseased  trees  are less dense h u t lanker. 
T h e  p rim a ry  and seco n d a ry  side-root of th in  roo ts often  b re a k  o ff in th e  case 
o f d ecay ing  trees an d  c irc u la r  w ounds are le f t beh ind .

T here  is also a d ifference  betw een  h e a lth y  and  decaying tre e s  w ith  respect 
to  th e  num ber of ro o t t ip s  an d  th e  q u a n tity  o f active and  passiv e  m ycorrhiza. 
T h u s , in  the  Lökbérc sam p le  area  th ere  w ere 1220 root tip s  fo u n d  in 1000 cm 3 
soil a ro u n d  h ea lth y  tre e s , w hile th ere  w ere on ly  334 ro o t t ip s  in  decaying 
tre e s . A ccording to  o u r fin d in g s, 80.6%  (L ökbérc) and 8 2 .7 %  (Síkfőkút) of 
th e  ro o t tips of h e a lth y  tree s  were covered b y  m ycorrh iza (b o th  active and 
p assiv e ). The diseased sam p le  trees can be cha rac terized  b y  low er m ycorrhiza 
d e n s ity  (67.6%  in L ö k b é rc  an d  70.9%  in  S ík főkút). In  ad d itio n , decaying 
tre e s  h av e  a lower ra tio  o f  ac tiv e  m ycorrh iza . In  h ea lthy  tre e s  37.5%  (L ök­
bérc) an d  32.2%  (S ík fő k ú t) o f the ro o t tip s  w ith  m y co rrh iza  were active,

tons %

1 •------•  2 a...... о 3

F ig . 2. Q uantities of m y co rrh iza  fungi grow n in  n a tu ra l  conditions a n d  b ro u g h t to B u d a ­
p e s t m a rk e ts  (3-year a v erag es  in  ton s) and th e  scale o f tree  decay in  th e  S íkfőkút sam ple 

a re a  (% )  (d a ta  from  K o n e c s n i  an d  J a k u c s )

1 =  Boletus edulis, 2 =  Cantharellus c ibarius , 3 =  deceased sessile  oaks

Лс1а Botanica Hungarica 32, 1986



A C I D I F I C A T I O N  O F  S O I L 315

while in  d iseased trees only 24 to  26% . O ur resu lts  co rrespond  w ith  s tu d ies  
carried  o u t on o th e r species b y  B laschice (1981), H ü t t er m a n  (1 9 8 3 ),G e h r m a n , 
U lrich  (1983), U lrich  (1983), an d  V o g elm a n  (1982), accord ing  to  w hich  th e  
th in  ro o ts  o f sick trees are dam ag ed , th e ir  q u a n ti ty  decreases an d  th e  sym b io tic  
m ycorrh iza  re la tionsh ip  is d is ru p ted .

Also s trik in g  is th e  p h enom enon  th a t  ex ac tly  th e  fru c tif ic a tio n  of 
sym bio tic  m ushroom s liv ing in  p ro to co o p era tio n a l or m u tu a lis t re la tio n sh ip  
w ith  tree  ro o ts  has rad ica lly  decreased  in  th e  H u n g a rian  fo rests in  th e  p a s t 
10 years. T he m ycelia of these  fung i m ay closely associate — especially  in  h o t 
an d  d ry  periods — w ith  th e  th in  ro o ts  o f trees  re su ltin g  in  a th re e  to  fo u rfo ld  
en la rg em en t o f th e  w a te r and  n u tr ie n t  ab so rb in g  surface o f th e  tree . I n  th e  
case o f sap ro p h y tic  m ushroom s (grow ing on fo rest litte r)  no decrease in  f ru ti-  
f ic a tio n  could  be observed y e t. F ig u re  2 show s th e  q u a n titie s  of th e  ed ib le  
m ushroom s Boletus edulis and  Cantharellus cibarius co llected  in  fo rests an d  
b ro u g h t to  th e  B u d ap est m ark e ts  up  to  1980 (K o n ecsn i  1982) and  a co m ­
p a ra tiv e  tre n d  of oak decay in  our re sea rch  a rea . A sim ilar d isap p earan ce  of 
m ushroom s has been rep o rted  in  som e o th e r  cou n tries  in  E u ro p e  (W i n t e r h o f f , 
K r i e g l s t e in e r  1984, G u l d e n , H oila n d  1985).

The obstruction o f trachea

T he sapw ood in th e  tru n k  cross-section  of decaying  or dead  sessile oaks 
is q u ite  visib le discoloured. W ith  th e  use o f a s tro n g  m agn ify ing  glass i t  is 
easily  no ticeab le  th a t  th e  w a te r  c a rry in g  vessels, th e  tra c h e a , are  p a r tia lly  or 
fu lly  b locked .

R esearchers w ho have reg a rd ed  large-scale  fo rest decay  in  th e  re c e n t 
years as an  epidem ic caused p rim arily  b y  a pathogen ic  fungus (trach eo - 
m ycosis) are also fam iliar w ith  th e  p h enom enon  of tra c h e a  o b stru c tio n . In  th e ir  
view , trees  affected  b y  m ycotic in fections defend  them selves b y  blocking th e ir  
trach eae  w ith  diverse p ro d u c ts  in  o rd er to  p rev en t pa th o g en ic  fungi from  
sp read ing  all over th e  vessel sy stem  w ith  th e  flow  of w a te r. T he ex c rea ted  
gel-like m a te ria ls , bubbles an d  ty lo ses, how ever, s im u ltan eo u sly  block th e  flow  
o f w a te r  to o  in  th e  sapw ood co n seq u en tly  th e  leaves and  th e  tree  m ay  even  
die (Shigo  and  Ma r x  1977, Shigo  1979, P earce  and R u t h e r fo r d  1981, 
Savvin  1981, etc.).

In  th e  course of research  on th e  decay  of oaks in  H u n g a ry , we h av e  
fo u n d  tra c h e a e  b locked b y  d iffe ren t m a te ria ls  in  a g rea t n u m b e r o f t r u n k  
cross-sections. In  order to  le a rn  m ore a b o u t th e ir  significance, th e  follow ing 
ex am in a tio n s  w ere carried  o u t.

F ro m  th e  tru n k s  of 5 h e a lth y , 5 decay ing  an d  5 dead  tree s  in  th e  Síkfő- 
k iit p ro jec t area  tru n k  cross-sections w ere c u t a t  1.3 m above g round . T he
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surfaces of th e  slices w ere  cu t sm ooth  w ith  a m icro tom . T hen  the  trach eae  in 
th e  sapw ood a d ja c e n t to  th e  hark  cca. 150-400 tra c h e a e  in  one tre e  were 
exam ined  u n d er a s te reo  m icroscope. 1063 tra c h e a e  w ere co u n ted  an d  e v a lu a ted  
in  th e  5 h ea lth y  trees, 1262 in  th e  decay ing  5 trees  an d  917 in  th e  dead  5 trees 
(a to ta l  of 3242 tra c h e a e  cross-sections).

T he stereo  m icroscope showed p e rfe c tly  th e  e m p ty  ( th a t  is, w a te r  and  
n u tr ie n t perm eable) tra c h e a e  and th ese  b locked  b y  d ifferen t m a te ria ls  (see 
P la te  I I ) . Most of th e  b locked  trach eae  w ere filled w ith  tyloses viscous gels, 
colloids and  acellu lar b u b b les  (the la t te r  being  com parab le  to  honeycom bs 
filled  w ith  honey). I n  d ead  trees, tra c h e a e  w ere occasionally  filled  en tire ly  
w ith  an  im perm eab le  m ass  of m ycelia.

O ur find ings w ere sum m ed up in  T ab le  8. The m ean  values show  th a t  
th e re  are re la tiv e ly  few  blocked trach eae  in  th e  h e a lth y  trees an d  th e re  are 
a b o u t tw ice as m an y  in  th e  decaying tree s . In  th e  d ead  trees , th e  p ercen tage  
of unb locked  trach eae  is only  10 to  20%  a t  b est. C alcu la ting  th e  resu lts  w ith  
va rian ce  analysis th e  d ifferences are a c c e p tab ly  s ign ifican t.

These in v es tig a tio n s  support th e  id ea  th a t  th e  s toppage d is ru p t the  
w a te r  an d  n u tr ie n t t ra n s p o r t  in the  tree s  an d  th a t  i t  is a to ta l b locking  of 
w a te r  and  n u tr ie n t flow  th a t  results in  th e  d ea th  of th e  tree .

H ow ever, th e  q u es tio n  often d iscussed  in  th e  l i te ra tu re  arises w h e th e r 
th e  o b stru c tio n  of tra c h e a e  occurs owing to  th e  tre e ’s defense against trach eo -

Table 8

The percentages o f  trachea stopped 
and the comparison o f  means

Tree
repetition

Healthy Diseased D ead

l 7.8 17.6 74.4
2 17.7 36.3 97.5
3 18.3 24.8 92.5
4 20.5 29.8 81.0
5 17.3 47.7 97.1

X 16.3 31.2 88.6

H ealthy Diseased D ead

H e a lth y — * ***

D iseased 14.9 — * * *

D ead 72.3 57.4 —

* L S D 5o/o =  12.7%  
** LSDX% =  17.8%  

*** LSD 0.1% =  25.2%
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m ycotic in fections or it  is a resu lts  o f th e  decreasing  w a te r supp ly  itself. I f  th e  
tra c h e a  cross-sections in  th e  sapw ood are  exam ined  m oving  from  th e  b a rk  
tow ards th e  heartw ood , i t  becom es obvious th a t  th e  trach eae  th a t  becam e 
p a r t  of th e  heartw o o d  in  th e  course of th e  prev ious years are filled w ith  
sim ilar m ateria ls  in  h e a lth y  trees ju s t  as in  decaying  or dead  trees.

Before shedding  th e ir  leaves in th e  a u tu m n , deciduous trees o f th e  
tem p era te  zone are n o t capab le  of p rev en tin g  th e  occurrence of em bolism s in 
th e  w a te r co lum n caused  b y  th e  neg a tiv e  pressure  c rea ted  b y  tra n sp ira tio n . 
So, th e  innerm ost p a r ts  of the  sapw ood are  blocked p e rm an en tly  ( th a t is, 
sapw ood becom es heartw ood). W e can assum e th a t  a com plete ly  analogous 
process tak es  place in th e  trach eae  of th e  sapw ood in th e  course of oak decay . 
T h a t is w a te r supp ly  m ay he in te rru p te d  and  a ir bubbles m ay  form  n o t as a 
defense aga in st pa th o g en es b u t because of a dam age of th e  w a te r and  n u tr ie n t 
absorb ing  roo ts. In  defense against th e  sp read in g  of a ir bubb les, th e  trees  
block the  trach eae  a t th e  beginning of th e  v eg e ta tio n  period  or in sum m er.

A h ia tu s  in th e  w a te r colum n is such a dam age th a t  causes the  w a te r 
an d  n u tr ie n t c ircu la tion  of th e  tree  to  get in to  stress. In  situ a tio n s like th e  
sudden  increase in  tra n sp ira tio n  (e.g., in th e  h ea t of sum m er) th e  fo rm atio n  
of a ir bubbles and  th e  o b stru c tio n  of tra c h e a e  b y  ty loses, gels etc.) m ay  ta k e  
place w ith  increasing  frequency  due to  th e  nega tive  tra n sp ira tio n  pressure.

I f  th e  trach eae  of th e  sapw ood are still p a rtia lly  perm eable , th e  agony  
of th e  tree  m ay ta k e  a longer tim e. A few w a te r  sp rou ts m ay  ap p ear here an d  
th ere , b u t th e  tree  is incapab le  of reg en era tio n . B locking m ateria ls  are no t 
p roduced  in  th e  dead  tree , only fungi an d  o th e r m icroorganism s m ay p ro ­
p ag a te  secondarily  in  th e  em p ty  trach eae  s ta r tin g  th e  process of decom posing 
th e  organic m a tte r .

The above ex am in a tio n s also prove th a t  th e  dam age is s ta rte d  in  th e  
soil-root re la tio n sh ip  w here th e  p rim ary  o b stru c tio n  of w a te r and  n u tr ie n t 
in tak e  occurs. T he o b stru c tio n  phenom enon  tak in g  place in  th e  trach eae  of 
th e  sapw ood is th e  defense of th e  tre e  ag a in s t em bolism  fo rm ing  in  th e  w a te r ­
carry ing  elem ents.

An ecological interpretation o f forest degradation

The possible w ays lead ing  to  th e  decay  o f trees in  fo rests are p resen ted  
in  a com plex ecological d iag ram  (Fig. 3). E lem en ta l ca lam ities (e.g. ligh tn in g , 
fire , frost, s to rm , etc .) or d ea th  resu lting  from  com p etitio n  due to  n a tu ra l 
aging or diseases have been om itted . In  th e  d iag ram  th e  m ilieu factors w hich 
qualify  as effective are un ified  w ith  those  of th e  to le ran ce-sp ec tru m  of trees 
qualified  as recep tive . W e have in d ica ted  also th e  form s o f hum an  a c tiv ity  
inducing  un fav o rab le  effects env iro n m en ta l p o llu tio n , in co rrec t fo restry . On th e
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F ig . 3. An Ecological In te rp re ta t io n  of D ecay  of F o re s t Trees w ith  R espect to th e  R e la tio n ­
sh ip  betw een  the  E ffec tive  M ilieu-Spectrum  (D am ag in g  E ffects) and  th e  R eceptive  T olerance- 

S p e c tru m  (D am ages C aused) ( J a k u c s  1985)
----->■ d o m in an t system  of in te rd ep en d en ces in  p re sen t-d ay  forest decline (in  H u n g ary )
---- > d irec t effects of air po llu tio n
— > o th er influences w hich , depend ing  on p lace an d  tim e-p rom ote  tre e  decline, or, occasion­

a lly , becom e a p rim ary  cause
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basis o f th is  d iag ram , one can p in p o in t, as a w ork ing  hypo thesis , som e possible 
p r im a ry  effects lead ing  to  tree  or fo rest decay  in  a given area an d  c ritica l 
p o in ts  of th e  p resum ab le  effect-recep tion  links can  be ex p erim en ta lly  id en tified . 
T h eo re tica lly , th is  ecological d iag ram  seem s to  be applicab le  in  an y  p a r t  of 
th e  w orld  an d  — perhaps w ith  m in o r m od ifica tio n s — it  can  be used  to  p o in t 
o u t links lead ing  to  th e  d ea th  of a n y  liv ing  organism s (not only trees).

In  p rincip le , an y  one of th e  fac to rs  q u a lified  as effective in  th e  d iag ram  
can  d es tro y  a tre e  b y  itself. F o r exam ple , pathogen ic  m icroorgan ism s or 
p h y to p h ag o u s  ca te rp illa rs  can  red u ce  th e  le a f  a rea  of a tree  to  a degree th a t  
a w a te r  and  n u tr ie n t “ stress”  is b ro u g h t a b o u t. S im ilar dam ages m a y  be 
caused  b y  processes deriv ing fo r ex am p le  from  inco rrec t fo restry , w hich  d ra s ­
tic a lly  a lte rs  th e  n a tu ra lly  reg u la ted  com position  of liv ing p o p u la tio n s  in  
th e  fo rest.

All these  effective and  recep tiv e  links an d  th e  dam ages th e y  cause to  
tree s  (ex ten d in g  over sm aller or la rg e r areas) have long been well k now n . 
T he p re se n t-d a y  cases of fo rest d e g ra d a tio n  h av e  an  essen tia l new  fe a tu re  in  
com m on: th e y  em erge sim u ltaneously  all o v e r th e  n o rth e rn  hem isphere  w ith  
n ea rly  th e  sam e sym ptom s invo lv ing  v a s t areas and  g a thering  speed. T h a t is 
w h y  a t te n tio n  o f researchers exp lo ring  th e  re le v a n t fac to rs w as a t t r a c te d  to  
en v iro n m en ta l an d  air po llu tion  in flic tin g  v a s t te rrito ries  w ith  increasing  
speed . (On ou r d iag ram  causal processes re g a rd ed  as effective are m ark ed  b y  
th ic k  con tin u o u s an d  broken  lines.)

I t  has becom e com m on know ledge th a t  large-scale in d u s tr ia liz a tio n  an d  
an  increasing  p ace  of bu rn ing  fossile fuels re su lted  in  an  increasing  em ission 
of su lp h u r an d  n itro g en  oxides in to  th e  a tm o sp h e re . These are oxidized in to  
su lp h u ric  and  n itr ic  acids a lread y  in  th e  a ir  w hile som etim es th e y  tra v e l 
th o u sa n d s  of k ilom eters aw ay from  th e  sp o t of em ission. O f th e  m a te ria ls  
tra n s p o r te d  th ro u g h  th e  a tm osphere  from  fa r  aw ay  or close b y  an d  e n te rin g  
th e  tree s  in  fo rests  and  th e ir  soils th ro u g h  w e t or d ry  deposition , S 0 2, N 0 X, 
an d  Cl2 (and  also some heav y  m eta ls  an d  a rtif ic ia l chem icals h av ing , so fa r 
n ev er c ircu la ted  in  th e  ecological system s) tr ig g e r off com plica ted  an d  m o stly  
accu m u la tiv e  processes in  th e  d y n am ica lly  b a lan ced  elem ent c ircu la tion  w hich  
has been  u n d er ecological reg u la tio n  fo r ages.

A ir p o llu tion  — especially  in  th e  v ic in ity  of em ission sources — can  be 
d irec tly  d am ag ing  to  living organism s such  as trees. For exam ple, e n te rin g  
th e  s to m a te s  i t  can  set off a u to -o x id a tio n  processes in th e  course of w hich  free 
ra d ic a l reac tio n s m ay  em erge. In  th e  end , th e se  m ay  o x idate , e.g., th e  u n ­
s a tu ra te d  f a t ty  acids of cell m em b ran es. M em brane p erm eab ility  a lte red  in  
th is  w ay  m ay  d is tu rb  th e  reg u la tio n  o f g rea t m any  physiological fu n c tio n s 
(e.g., assim ila tion , dissim ilation , w a te r  an d  n u tr ie n t c ircu la tion , e tc .). M ostly  
in  everg reen  (coniferous) trees d irec t effects th ro u g h  several years a c c u m u la t­
ing  th e se  p h enom ena  of radical p a th o lo g y  (P ólya  1979, Matkovics-Szöllősy
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1976, Shimazaki e t al. 1980, T anaka — Su gahara  1980, L iz a d a—Y ang  1981, 
Sc h l e e  — K och 1982) m a y  lead to  a decrease in  th e  p ro d u c tio n  or to  d e a th  
(Sch ü t t  1982, Ma t e r n a — J ancarik 1982, B auch  1983, W e n tzel  1983). C on­
verse ly  th e  annual new  foliage of deciduous tree s  receives th e  d irec t acid ify ing  
effects w ith  a “ ta b u la  r a s a ” . D e trim en ta l effects o f ozone can also be g rouped  
w ith  d irec t effects.

A ltho u g h  th e  d ire c t dam ages are  of g rav e  econom ic and  ecological co n ­
sequences, a m ore decisive role is a t tr ib u te d  to  th e  in d irec t effects o f th e  so 
called  acid rains (th is n o tio n  also includes com pounds received b y  w ay  o f d ry  
deposition ), w hich m a y  destab ilize  a w hole p o p u la tio n , co m m unity  (forest) or 
th e  e n tire ty  or p a rts  o f th e  biosphere.

In  th e  course o f th e se  ind irect in fluences, th e  hydrogen  ions in  the  d ilu te  
acidic so lu tion  en te rin g  th e  soil are exchanged  o th e r so rts of cations, a p h e n ­
om enon w hich m ay  le a d  m ainly  to  th e  exclusion  of some p rincipal n u tr ie n t 
e lem ents as Ca, Mg a n d  K . D epending on th e  genetic  soil conditions, th e  soil 
is acid ify ing  qu ick ly  or m ore slowly. T he b u ffe r cap ac ity  of th e  soil is d is­
ru p te d , th e  so lub ility  a n d  m obility  of ce rta in  to x ic  m eta ls  (Mn, Cu, Zn, Cd, Al) 
and  th u s  th e ir a v a ila b ility  for living organism s d ram atica lly  increases. P a r t ly  
the acids them selves d e s tro y  the  w ater an d  n u tr ie n t absorb ing  secondary  and  
th in  roo ts of trees, p a r t ly  th e  toxic heavy  m eta ls  and  A1 ions en te r th e  organ ism  
(U lrich  e t al. 1979, U lrich  1983). T he q u ick  ac id ifica tion  of th e  soil in ac ­
tiv a te s  or stops th e  m y co rrh iza  relationsh ips. In  th e  m eanw hile, o th e r organism s 
of th e  rh izosphere are  also  dam aged and th u s  th e  processes of m inera liza tion  
and  decom position  are  also ham pered .

E specially  in th e  long  and  ho t v eg e ta tio n  periods, th e  d im in ish ing  tree  
ro o ts  can n o t get in to  deep er p a rts  of th e  soil w hile th e  tra n sp ira tio n a l d em an d  
o f th e  tree  is grow ing. S ince there  is a sh o rtag e  of availab le  w ater, th e  v i ta l i ty  
of th e  organism s falls b ack . A fter all, th e  w a te r  an d  n u tr ie n t a b so rp tio n  and  
tr a n s p o r t  is h am p ered  in  th e  roots. D ue to  th e  nega tive  pressure caused  b y  
tra n sp ira tio n , w a te r co lum ns m ay b reak  an d  a ir  blocks m ay form . The organism  
reac ts  to  these  effects a n d  to  the appearance  of tox ic  m ateria ls  b y  s to p p in g  up 
its  w a te r  carry ing  vessels (tracheae) b u t, b y  do ing  so, it  rules o u t th e  p os­
s ib ility  of s ta rtin g  c ircu la tio n  again.

In  th is  s ta te  o f  w a te r  and n u tr ie n t “ s tre s s” (depressed v ita lity )  o th e r  
possib ly  effective fa c to rs  (e.g. pa thogenes or p a rasite s  of w eakness) la u n c h  a 
seco n d ary  a tta c k  on th e  w eakened tree  m ore easily  enhancing  the  tre e ’s s ta te  
of “ s tre s s”  and its  d e a th  m ay come soon, som etim es w ith  sp ec tacu la r speed.
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BOOK REVIEWS

E d i t o r :  G .  F e k e t e

D. B. R ood y n  (ed.): S ubcellu lar B iochem istry . Vol. 10. P len u m  Press , New Y ork , 1984

T he te n th  volum e of th e  Subcellu lar B iochem istry  successfu lly  covers a w ide ran g e  of 
biological top ics, all o f w hich can  be described  in  term s of fu n d a m e n ta l m olecular biology. 
T he top ics covered  include s tru c tu ra l, chem ical an d  fu n c tio n al analysis of various cell m em ­
b ran es, nucleocy top lasm ic  R N A  tra n sp o r t,  th e  role o f m yo-inosito lphosphate  in  cellu la r 
m etabo lism , cy to sk e le ta l changes du ring  fe rtiliz a tio n  an d  e v o lu tio n ary  aspects o f  h u m an  
chrom osom es.

T he p las tid  envelope m em branes p ro v id e  a  flexible b o u n d a ry  betw een th e  p la s tid  and  
th e  su rro u n d in g  cytosol. In  C hap ter 1. The P lastid  Envelope M embranes : Their S tructure , 
C omposition, and Role in  Chloroplast B iogenesis. R . D o u c e ,  M. A. B l o c k ,  and  J .  J o y a r d  

su rv ey  th e  assem bly  of th e  envelope m em b ran e  and  the  tu rn o v e r  o f various lipid a n d  p ro te in  
co n stitu e n ts  o f th is  m em b ran e  en tity . T he b iogenesis of th e  p la s tid  envelope m em b ran es is 
also d iscussed  from  an  o p era tio n a l p o in t o f view .

G. A. P e s c h e k  deals w ith  th e  s tru c tu ra l  and  fu n c tio n a l aspects of th e  re sp ira to ry  
e lectron  tra n s p o r t  in  va rio u s cy an o b ac te ria  (B lue-G reen A lgae). ( Structure and F u n ctio n  o f  
R espiratory M em branes in  Cyanobacteria.) D e ta iled  m orpholog ical analysis, com m ents on the  
p rob lem s of iso lating  m em branes from  c y an o b ac te ria , k inetics o f  re sp ira to ry  e le c tro n -tran sp o rt, 
ox id a tiv e  p h o sp h o ry la tio n  and b ioenergetic  re g u la tio n  are th e  to p ics of th is v e ry  in te re s tin g  
ch ap ter.

B y  describ ing  th e  m ajo r advances th a t  have  been m ad e  in  th is field, R. S e t a n d r e u ,

E . H e r r e r o ,  J .  P. M a r t i n e z - G r a c i a  and  G .  L a r r i b a  help us to  fu r th e r  u n d e rstan d  th e  s tru c ­
tu re  an d  biogenesis of th e  y eas t cell wall. Processes, such as th e  genesis and location  of enzym ic 
com plexes responsib le  for po lym er fo rm atio n , m echanism  o f po lym erisa tion , secre tion  and  
in te ra c tio n  of po lym ers a re  discussed in re la tio n  to  the  fo rm atio n  of th e  yeast cell w all.

Sacharomyces cerevisiae has been used  as th e  m ain  o b je c t o f th is s tudy , b u t  th e  c h a r­
a c te ris tic s  o f o th e r  y e as t cells are also described  in a com prehensive  way. (Biogenesis o f  the 
Yeast Cell W all.)

In  C h ap te r 4, a new  in te res tin g  m etab o lic  cycle is p ro p o sed  to enlighten th e  role o f a 
less k n o w n  p h o sp h a tee s te r , th e  m yoinosito l p h o sp h a te  in  cell m etabolism . (M yo -In o sito l 
Phosphates and Their Role in  Cellular M etabolism  : A  proposed Cycle Involving Glucose-6- 
Phosphate and m yo-Inosito l Phosphates.) In  th is  review , B. B . B i s w a s , B. G h o s h  a n d  A. L. 
M a j u m d e r  specifically  stress th e  m etab o lism  of m yoinosito  1 p h o sphates , the  re g u la tio n  of 
th e ir  syn thesis an d  d eg rad a tio n  in b o th  p la n t  an d  anim al cells. T he au tho rs are p a r tic u la r ly  
in te re s ted  in  stu d y in g  th e  role of th e ir  new ly  proposed m e tab o lic  cycle during g e rm in atio n  
an d  fo rm a tio n  of seeds.

A general view  of th e  m ost in te res tin g  advances th a t  h a v e  been  m ade in c u rre n t u n d e r­
stan d in g  of nucleocy top lasm ic  R N A  tra n s p o r t  is also given in  th is  volum e. (Nucleocytoplasm ic  
R N A  Transport.) In  P . S. A g u t t e r ’ s  ex ce llen t review , th e  b iological significance of R N A  
tra n s p o r t,  as well as re la te d  ex p erim en ta l p rocedures are d iscussed  in  order to c rea te  useful 
p ic tu re  o f th e  m echan ism  and  reg u la tio n  of th is  com plex series o f events.

In  C h ap te r 6 (The Supram olecular Organisation o f the Cytoskeleton during F ertiliza tion), 
G. S c h a t t e n  gives a n  ex ce llen t overview  o f th e  s tru c tu ra l an d  biochem ical changes th a t  
occur du rin g  cy to sk ele ta l fo rm ation . In  th is  ch ap te r , fe rtiliz a tio n  is used as a m odel for the  
s tu d y  of cellu lar m o tility , since th e  b ea tin g  of th e  sperm  ta il is a  good exam ple o f th e  slid ing  
of a d ja ce n t m ic ro tubu les. In  C h ap ter 7, H . N. S e u á n e z  discusses some ev o lu tio n ary  aspects 
o f th e  h u m an  k a ry o ty p e , co n trib u tin g  to  a c learer u n d e rs tan d in g  of how our chrom osom es 
have  been  a lte red  an d  tra n sm itte d  as fa r  as th e ir  phy logeny  m a y  be traced  in to  th e  p a s t. 
(Evolutionary Aspects o f  H u m a n  Chromosomes.)
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A s a series, Subcellu lar B io ch em istry  has long estab lished  the  h ig h est s ta n d a rd s  in its 
m u ltid isc ip lin a ry  approach  to  th is  v ita lly  im p o rta n t su b je c t. Volume 10 includes an  extensive 
boo k  n o tice s  section th a t  gives d e ta iled  accoun ts o f n u m ero u s new books in  b io ch em istry  and 
cell b io logy . I t  is an  essen tia l re ference w ork for b io ch em ists and cell b io logists.

A n n a  H. N a g y

W . W i e s s n e r , D. G. R o b i n s o n , R. C. S t a r r  (eds): C o m partm en ts in  A lgal Cells and  th e ir 
In te ra c t io n . Springer V erlag, B e rlin -H e id e lb e rg -N ew  Y o rk -T o k y o . 1984. 241 pp .

T h e  u ltra s tru c tu re  o f eu k a ry o tic  cells is ch a rac te rized  by c o m p a rtm e n ta tio n , e.g., by  
th e  e x is ten ce  of special a reas su rro u n d ed  b y  m em b ran es. These areas have  specia l functions 
in  cell m etab o lism  and are p a r tia l ly  endow ed w ith  th e ir  ow n genetic a p p a ra tu s  w hich is d if­
fe re n t fro m  th e  nuclear one. T he successful fu n c tio n in g  of th e  cells depends on  a h igh ly  organized 
co o p e ra tio n  and in te rac tio n  be tw een  these  c o m p artm en ts .

In  p la n t cells we deal w ith  a  n u m b er of system s sub jected  to  a p ro n o u n ced  c o m p a rt­
m e n ta tio n . T he f irs t is th e  eu k a ry o te -c h a ra c te ris tic , nucleo-cytosol c o m p a rtm e n t w hich is 
d iv id ed  b y  th e  nuclear envelope se p a ra tin g  th e  nucleus an d  the cytosol. In  ad d itio n  to  th e  
n u c leo -cy to so l co m p artm en t, p la n t  cells dispose of th e  ch loroplasts and also of m itochondria  
as w ell as a num ber of o th e r  organelles: flagellae, G o l g i  ap p ara tu s , d iffe ren t vacuoles and 
m icrobod ies .

In  th e  book e n titled  “ C o m p artm en t in  Algal Cells and  Their In te ra c t io n ”  th e  coopera­
tio n  b e tw ee n  the  nucleus an d  th e  cy to p lasm  and  be tw een  d ifferent organelles on s tru c tu ra l 
and  fu n c tio n a l levels has been  illu s tra te d .

T h e  book collects th e  m ate ria ls  of a sym posium  (G öttingen , S ep tem b er, 1983) en titled  
as a b o v e , p resen ting  th e  p roceed ings of the  m ee tin g  an d  contains all th e  p a p ers  presen ted .

T h e  f irs t  article  “ T he cy to log ical v iew -poin t o f fu n c tio n al c o m p a rtm e n ta tio n ”  gives an 
o v e ra ll p ic tu re  of cell c o m p a rtm e n ta tio n , th e  cy to log ical defin ition  of a c o m p a rtm e n t and 
c o n n ec tio n  betw een c o m p a rtm e n ta tio n  and m orphogenesis.

I n  four articles (“ O rg an iza tio n  and  cap ac ity  o f th e  chloroplast genom e in a lgae” , 
“ S tru c tu re  and expression of ch lo ro p las t and  n u c lear genes in Chlamydomonas reinhardii” , 
“ In te ra c t io n s  betw een c o m p a rtm e n ts  in  Acetabularia  d u rin g  gene expression”  an d  “ A spects 
of tr a n s la t io n a l  coord ina tion  du rin g  ch lo rop last d ev e lo p m en t” ) the m olecu lar o rgan ization , 
e x p ress io n  and  in te rac tio n  of ch lo ro p las t and  nuclear genom es in unicellu lar a lgae  a re  p resen ted . 
T hese  p a p e r  com bine th e  classical genetic  stud ies w ith  m olecular approaches.

I n  th e  article  “ C ontrol o f genes expression  d u rin g  th e  early  phase of ch lo ro p las t develop­
m e n t”  a n  ad d itio n al contro l m echan ism  in ch lo ro p las t developm ent is p re sen ted . An early  
lig h t- in d u ce d  pro tein  as a n u c lear coded signal p lays a role in  th e  expression o f ch lo rop last genes.

I n  tw o articles (“ G enom  and  gene o rg an izatio n  of th e  cyanelle D N A  fro m  Cyanophora 
paradoxa  in  re la tio n  to th e  com m on  o rg an izatio n  in ch lo ro p las t”  and “ T he organelle  versus 
en d o sy m b io n t problem  of Cyanophora paradoxa” ) co m p ara tiv e  analyses o f cyanella r and  
c h lo ro p la s t  genom  s tru c tu re  a n d  gene o rg an izatio n  are  p resen ted  which help  u n d e rs tan d  the  
p la s tic  a n ce s try  and give new  co n cep ts ab o u t how to  trac e  p lastid  evolution.

F ro m  articles, th e  d ev elo p m en t o f flag e lla r a p p a ra tu s , its in te ra c tio n s  w ith  cell 
o rg an elle s  as well as con tro l sy s tem  of its  reg en e ra tio n  and  shortening in  g reen  algae, are 
p re sen te d .

T h e  discussion of o th e r  organelles, th e  s tu d ies  o f  stru c tu re , fu n c tio n  a n d  in te rac tio n  
of th e  co n tra c tile  vacuole com plexes, th e  ex tra -o rg an e lle  cytoplasm  of re s tin g  cells for con­
c e n tr a t io n  of free Ca2 + , th e  m ito ch o n d ria , G o l g i  a p p a ra tu s , inicrobodies an d  also d ifferen t 
v a cu o les , com prise th e  m ain  p a r t  in th e  book.

T h e  la s t four a rticles deal w ith  th e  cyto logical a sp ec ts  of sym biosis b e tw een  eu karyo tic  
u n ic e llu la r  organism s and b lue-g reen  p ro k a ry o tic  pho tosyn thesiz ing  end o sy m b io n ts , w ith  
m ain  h y p o th eses  try in g  to  ex p la in  th e  developm ent o f th e  eukaryo tic  cell. I t  c an  be concluded 
th a t  sym biosis fo rm ation  is still an  im p o rta n t, pow erfu l fa c to r in evolution.

A t  th e  end of th e  book , th e  fo rm atio n  and  fu n c tio n  o f heterocysts as c lea r-cu t exam ples 
o f in te rc e llu la r  c o m p a rtm e n ta tio n  are discussed.

I .  G y ú r j  a n
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J .  I. G o l d s t e i n , D. E .  N e w b u r y , P . E c h l i n , D. C. J o y , Ch . F i o r i , E .  L i f s h i n : S can n in g  
E lec tro n  M icroscopy and  X -R ay  M icroanalysis. A T ex t for Biologists, M ateria ls S c ien tis ts , 
an d  Geologists. P lenum  Press, New Y ork  an d  L o ndon , 1981. ISB N  0-306-40768-X , pp . x iii -f- 
673, w ith  num ero u s tab les and figures

T he vo lum e is based on th e  lec tu res  p resen ted  a t  th e  S E M -X -ray  course held  a n n u a lly  
a t  L ehigh U n iv e rsity  (U .S.A.). I ts  expressed  a im  is to  provide the  s tu d e n t w ith  th e  fu n d a m e n ­
ta ls  of th e  topic . A t th is po in t th e  a u th o rs  shou ld  n o t be tak e n  v e ry  seriously  —  th e  book 
offers m uch  m ore th a n  any o th er m u lti-au th o red  re x tb o o k  in  th is  field . All th e  core a n d  bore  
of a tex tb o o k  is th ere , how ever, as th e  su b -title  ind ica tes, biologists are  also c a te re d  for.

The f ir s t  e ig h t chap ters (over four h u n d re d  pages) are devoted  to  a m a te ria l  w hich  
m an y  bio log ically -m inded  people u su a lly  evade  if  possible, like th e  th eo re tica l a sp e c ts  of 
e lectron  o p tic s , ra d ia tio n  sciences, signal p rocessing , n o t to m en tion  th e  frig h ten in g  a m o u n t 
o f calcu la tions involved . H ow ever, if  h a rd sh ip s  o f life w ould force som eone to  face such  
p rob lem s th e  help  is a t  han d  here, o ften  w ith  w orked  exam ples or w ith  the  re su lt  o f  one 
p a r ticu la r  so lu tio n  a t  least.

C h ap te rs  10-13 should be th o ro u g h ly  u n d e rsto o d  by  every  b io logist even  c o n te m p la t­
ing to  tu rn  to  a specia list to have som e SEM  an d /o r X -ray  m icroanalysis w ork  p e rfo rm ed . 
C uriously enough, th is  is also th e  p a r t  w here th e  seasoned professional will find  m a n y  u sefu l 
trick s  of th e  tra d e , especially in  th e  field  o f th e  a ll- im p o rtan t specim en p rep ara tio n .

To sum  up , for m any  bio logists th e  book can  be a tex tb o o k  and  a h a n d b o o k  as well. 
A t th is  ju n c tio n  i t  m u st be m en tioned  t h a t  th e  a u th o rs  in ten d  to  e lab o ra te  on to p ic s  n o t 
covered  in  th is  book  in  a com panion vo lum e. As th e  te n ta tiv e  title  suggests (A d v an ced  T opics 
in  Scanning  E lec tro n  M icroscopy and  M icroanalysis) a trea tise  on p re sen t tren d s  such  as d a ta  
and  im age p rocessing  w ith  com puters , e tc . is y e t  to  come. U n d o u b ted ly , I  am  n o t th e  on ly  
person  looking fo rw ard  to  its a rriv a l. T . P á t k a i

R . R . H e n k e , K . W . H u g h e s , M. J .  Co n s t a n t i n  an d  A. I I o l l e n d e r  (eds): T issue C u ltu re  
in  F o re s try  and  A gricu ltu re . P lenum  Press, New Y ork  and London, 1985, 390 pp.

B io technology  is a now adays freq u e n tly  h e a rd  te rm , because i t  has becom e one o f th e  
m o st im p o r ta n t lines and fields of th e  b iological research . A nd th a t  is only too u n d e rs tan d a b le , 
since we are  con fro n ted  w ith  a pressing prob lem  of these  days — or ra th e r  m ore of o u r fu tu re : 
th e  need of sa tisfy ing  th e  increased food- a n d  en erg y  req u irem en ts of th e  ever grow ing p o p u la ­
tio n . T he fu lf ilm en t o f these dem ands m ig h t be ach ieved  th rough  th e  know ledge acq u ired  of 
th e  ru les o f bio logy, p a r tly  by  increasing  th e  q u a n ti ty  and q u a lity  of o rganic m a tte rs  o f p la n t  
o rig in  w ith  th e  ap p lica tio n  of bio technologies. T he possibilities of th e  b io technology  a n d  th e  
re la te d  prognoses are disbelieved b y  som e, while o th e rs  have b lind  fa ith  in  th em . I t  is th e re ­
fore im p o r ta n t  to  know  w hether th is a lm o st “ fash io n ab le”  conception  covers rea lities  o r will 
sh ipw reck th e  biological research. F o r th is  v e ry  reaso n  th e  w orks and  re p o rts  p u b lish ed  by  
co m p e ten t a u th o rs  on th e  p resen t stage an d  p ro sp ec tiv e  p ractica l resu lts  o f th e  tissue  c u ltu re  
techno logy  are  o f g re a t value. The book  in  q u estio n  is one of them .

T he book w as published by th e  Council for R esearch  P lann ing  in Biological Sciences, 
In c . (W ash in g to n  D. C.) as Yol. 32 of th e  series B asic Life Sciences (G eneral E d ito r :  A. H o l - 
LAENDEr ), w ith  th e  usual careful g e t-up  of th e  P len u m  Press. The w ork co n ta in s th e  m a te ria l 
o f  th e  Sym posium  on P ropagation  of H igher P la n ts  T hrough  P la n t T issue C ultu re  I I I  held  
a t  th e  U n iv e rs ity  o f Tennessee (K noxv ille ) be tw een  9 and 13 S ep tem ber 1984. T h is  sy m ­
posium  as well as th e  tw o previous ones (1978, 1980) and  m ost of th e  sub jects were p a tro n ize d  
or even fu lly  fin an ced  by  the  USA D e p a rtm e n t o f A gricu ltu re  F orest Service (U SD A ), D e p a r t ­
m e n t o f E n erg y  (D O E ) and  the  N a tio n a l Science F o u n d a tio n  (N SF), w hich show s th e  in te re s t  
o f  m an ag em en t o rgans for the  p ractice  o f c u ltiv a tio n .

T he w ork  is com posed of two p a r ts . T he seven  chap ters  of th e  la rg est f irs t  p a r t  c o n ta in  
lec tu res  on th e  general principles, based  an d  ap p lied  research  of p lan t tissue cu ltu res  de liv e red  
b y  know n a u th o rs  o r collectives of th e  special fie ld  on the  basis of th e ir  in v es tig a tio n s  w ith  
va rio u s p la n t species. The sm aller p a r t  of th e  book  is form ed by  th e  co n ten ts  o f th e  49 p os­
te rs  p resen ted .

V ery  in te re s tin g  new aspects o f re sea rch  are  th ro w n  up in C hap ter 1 w hich calls a t t e n ­
tio n  to  th e  stress  o f p lan t th a t  has so fa r been  n eg lected  or a t  least overlooked. N a m ely , it 
m ay  ex p la in  b iochem ical phenom ena th a t  hav e  b een  incom prehensib le up  to  th is  day .

C h ap te r 2 discusses th e  p henom ena of reg eneration . One of th e  th ree  p ap ers  claim s 
th a t  to d ay  on ly  th e  m orphology of th e  reg en e ra tio n  process is know n, and  its  ex ac t in d u c to rs  
a re  only searched  a fte r. The o th er tw o p u b lica tio n s p o in t ou t th a t  e.g. in  th e  case o f G ram i-
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neae  from  13 species in ta c t  p la n ts  have been re g en e ra ted  b y  som atic  em bryogenesis, th o u g h  
th e  m icroscope and e le c tro n  m icroscope on togeny  o f th e ir  som atic  em bryogenesis is n o t y e t 
fu lly  know n.

In  C hapter 3 p a p e rs  o n  developm ent m echan ism s are  found . The au th o rs  d em o n s tra te  
th e  stages of em bryogenesis, th e  inductors of th em , th e  genetic , physiological and  m o rp h o ­
logical effects of c e rta in  b io ch em ica l factors on th e  ex am p le  o f a lfa lfa , to m ato  and  soybean.

C hapter 4 su rv ey s th e  ap p lication  of d ev elo p m en t system s in  tw o papers. One of th em  
show s th e  som atic em b ry o g en es is  as applied to clone p ro p a g a tio n  on  th e  exam ple of D aucus  
(c a rro t) , tak ing  in to  c o n s id e ra tio n  th e  size, w eigh t, t r e a tm e n t,  e tc . o f th e  em bryoids. T he 
o th e r  pub lica tion  d iscusses th e  possibility , a d v a n ta g e s  an d  re su lts  of using co n tinuously  
p ro d u c in g  “ b io reacto r”  in  th e  m ass rep roduction  of p la n ts . B eside th e  techniques an d  a p p a ­
ra tu s  (ferm entor, p h y to s ta t ,  e tc .)  used so fa r successfu lly  for m ass rep ro d u c tio n  in 43 genera  
o f p lan ts , th is a p p a ra tu s  w ill certa in ly  be im p o r ta n t  in  b io technolog ical experim en ts w ith  
p lan ts .

In  C hapter 5 th re e  p u b lic a tio n s  analyse th e  gen etic  v a r ia b ility  and  stab ility , tak in g  
in to  consideration  th e  in it ia l  m a te ria l of p lan t tissu e  cu ltu res  (inocula), th e  fac t and c ircu m ­
stan ces of cu ltu ring , a n d  th e  expected  results . Som e of th e  a u th o rs  m ain ly  deal w ith  th e  
p ro b lem  of m ale s te rility , w h ile  o thers w ith th e  q u estio n  of sym bio tic  n itrogen  fix ation , tak in g  
in to  accoun t the  p o ss ib ility  o f  th e  so-called “ som aclo n al”  v a r ia tio n  of p lan ts.

C hapter 6 co n ta in s  fo u r  pap ers  on th e  re p ro d u c tio n  of w oody p lan ts  in  tissue cu ltu re . 
F ro m  ab o u t 51 genera c o m m erc ia lly  im p o rtan t tree  species, and  from  16 genera m ostly  tro p ica l 
fru it-b ea rin g  w oody p la n ts  h a v e  so far been re p ro d u c e d  w ith  tissue  cu ltu re  m ethods. B y 
v eg e ta tiv e  m ic ro rep ro d u c tio n  good results w ere o b ta in e d  w ith  conifers ( P in u s , Cupressus) 
a n d  coffee-shrubs (C offea ) to o . I t  is the  au th o rs’ genera l op in ion  th a t  w ith  the  tissue cu ltu res  
o f w oody p lan ts th e  o p tim u m  inocula, the  tech n iq u e  of cu ltu rin g  an d  th e  econom ic effic iency 
re p re se n t th e  g rea tes t p ro b le m , th a t  is —  am ong o th e rs  —  th e  reason  w hy the  exac t, re p ro ­
ducib le resu lts are re la tiv e ly  few. Still, the resu lts  a tta in e d  so fa r m ake it  likely th a t  a rtific ia l 
a ffo re sta tio n  by tissue  c u ltu re  will give twice as m a n y  p la n ts  in  th e  trop ics th a n  in th e  te m ­
p e ra te  zone, and th e  e ffic ien cy  of “ clone a ffo re s ta tio n ”  w ill su rpass th a t  of a n a tu ra l re ­
fo res ta tio n .

In  C hapter 7 fo u r p a p e rs  deal w ith th e  im p ro v e m en t of fo res t th ro u g h  tissue cu ltu res . 
A su rv ey  is given of th e  im p ro v e m en t and w idening o f th e  genetic  m ate ria l of fo rest trees by  
tissue  cu ltu res, and  of th e  m a in ten a n ce  of th e ir  gene s to ck ; o f c e rta in  tree  species m ade resis­
t a n t  and of th e ir v e g e ta tiv e  rep ro d u c tio n , as well as o f th e  general principles of developing 
resis tan ce . A group of a u th o rs  gives com parative  d a ta  o f th e  lab o ra to ry , greenhouse and  o u t­
d o o r pa ram ete rs  of som e t r e e  species. A paper d iscusses th e  d e s tru c tio n  of trop ical fo rests 
due  to  co n tam in a tio n , its  e ffec ts , and  the fu tu re  ro le o f tissue  cu ltu res in th is respect.

In  th e  sm aller —  a b o u t  a q u arte r — p a r t  o f th e  book th e  co n ten ts  of the  ex h ib ited  
p o ste rs  are found. T he s h o r t  sum m aries offer a c lear v iew  of th e  possib ility  and p resen t stage 
o f th e  v eg eta tive  m ic ro p ro p a g a tio n  in tissue cu ltu res  o f  som e 50 p la n t species.

To sum it up , th e  b o o k  gives u p -to -date  in fo rm a tio n  of th e  principles o f  p la n t tissue  
c u ltu re , and  of its a p p lic a tio n  to  higher p lan ts  b y  m eans of technological m an ipu lation . I ts  
rea lis tic  evaluation  of th e  possib ilities of b io tech n o lo g y  em phasizes th a t  while the  e x ac t 
in d u c to rs  of p lan t d e v e lo p m e n t are hard ly  kno w n  as y e t,  v eg e ta tiv e  p ropagation  th ro u g h  
clones is a lready  a q u ick  a n d  re liab le  m ethod by  w hich  b o th  genetic  s tab ility  and  v a ria b ility  
can  be achieved. T he a p p lic a tio n  of the “ b io reac to r” , w ith  th e  stress effects w hich ac t on th e  
p la n t  tak en  into acco u n t m a y  help  in a tta in in g  p ra c tic a l re su lts . A fu r th e r  m erit of th e  book 
is th a t  it calls a tte n tio n  to  th e  reproducib ility  o f w oody  species b y  tissue cu ltu res, w hich  
opens up  new  v istas  c o n ce rn in g  m ass p ro p ag atio n  of w oody  (an d  fo rest) p lan ts , and  th e re b y  
in n a tu re  conse rv a tio n  as w ell.

The book is c o m p le te d  w ith  the  list o f th o se  ta k in g  p a r t  a t  th e  sym posium  (c. 300 
persons), sub ject and  n a m e  indexes, and w ith  th e  u su a l in tro d u c to ry  p a rts  (d ed ication , 
acknow ledgem ents, p re face). O n th e  basis of w h a t hav e  been  to ld  th e  w ork is recom m ended  
to  b o tan is ts , h o r tic u ltu r is ts ,  agronom ists and fo res te r  bey o n d  those  d irec tly  engaged in tissue  
cu ltu re  work. M . M a r ó t i

J e n n i n g s , D. H. an d  R a y n e r , A. D. N. (eds): T he E cology  an d  Physio logy of th e  F u n g a l 
M ycelium . Sym posium  o f th e  B ritish  M ycological Socie ty  held  a t  B a th  U n iversity  11—15 
A pril 1983. Cam bridge U n iv e rs ity  Press, 563 p p ., 1984

The book, th e  8 th  v o lu m e  of the  S ym posium  series published  by  th e  B ritish  M yco­
logical Society, co n ta in s th e  m ate ria l of th e  sy m p o siu m  held  a t  B a th  U niversity  on A pril
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11—15, 1983. T he volum e discusses th e  ecology, physio logy and gen etics  of fungal h y p h ae  in 
a un ifo rm  fram ew ork  th e re b y  offering an  o p p o rtu n ity  to acquire a  deep er know ledge of the  
m ycelia l form  of life. The book consists o f 23 c h ap te rs  w ritten  b y  m ycolog ists, egologists and  
g en etis ts  of nam e.

In  th e  f irs t  c h ap te r  Greg o r y  calls a tte n tio n  to  th e  im p o rta n ce  o f s tudy ing  th e  vege­
ta tiv e  m ycelium , and  to th e  re g re tta b le  fa c t th a t  there  is a co n sid erab le  backlog in  th is 
field  as p roved  if  only b y  th e  v e ry  succ inc t t r e a tm e n t  of the  q u estio n  in  m o st h and-books on 
m ycology. T he c h ap te r  gives th en  a h is to rica l su rv ey  of th e  p rogress o f know ledge concern ing  
th e  v eg e ta tiv e  m ycelium , th e  m anifo ld  fu n c tio n  of th e  fungal m y ce liu m , po in ting  o u t t h a t  th e  
v eg e ta tiv e  m ycelium  is th e  m o st im p o r ta n t p a r t  o f the  m ushroom .

In  C hapters 2 and  3 T r in c i and  B u t l e r  give an  excellen t v iew  o f th e  g e rm in atio n  of 
fungal spores, th e  g row th  ra te  o f g e rm -tu b e  an d  v eg eta tiv e  h yphae, o f th e ir  types of b ran ch in g , 
an d  of th e  m echanism  of th a llu s  fo rm atio n .

O f th e  sexual h y p h a  fusion  N g u y e n  a n d  N ie d e r p r u e m , w h ereas of th e  v eg e ta tiv e  
h y p h a  fusion Ay lm ore  and  T o d d , su p p ly  v a lu ab le  in fo rm ation  (C h ap te rs  4 and  5). The 
la t te r  ch ap te r  is th e  f irs t  to  com plete  th e  in fo rm a tio n  w ith  bo th  lig h t- a n d  electron  m icroscopic 
p h o to g rap h s .

T he re la tio n sh ip  be tw een  th e  seco n d ary  m etabolism  an d  th e  m orphogenesis o f  th e  
v eg e ta tiv e  m ycelium  is discussed b y  M oss (C h a p te r  6).

T he m echanism  of w a te r  flow  w ith in  the  m ycelium  is desc rib ed  by J e n n i n g s  in 
C h ap te r 7.

In  connection  w ith  th e  m orphogenesis o f Serpula lacrim ans, W a t k i n s o n  p o in ts  o u t 
th a t  th e  n itrogen  c o n ten t of th e  n u tr ie n t  in fluences the  grow th  r a te  o f th e  thallu s, th e  e x te n t 
o f cellulose decom position , and  th e  a m o u n t a n d  d ifferen tia tio n  level o f th e  m ycelium  fo rm ed  
(C h ap te r 8).

A tte n tio n  is called to  th e  d is tr ib u tio n , ro le an d  im portance of h y p h a  bundles in d eco m ­
posing  Basidiom ycetes found  in  th e  le a f-litte r  a n d  hum us layer o f deciduous fo rests in  the  
te m p e ra te  zone, a ra th e r  neglected  area  o f re sea rch , — by  T h o m p s o n  (C h ap te r 9).

W hen  explain ing  the  m y corrh iza l re la tio n s , R e a d  em phasizes t h a t  th ey  are im p o r ta n t 
to  know  if th e  fu n c tio n al an d  re g u la to ry  processes of th e  ecosystem  are  to be c leared  up 
(C h ap te r  10).

F r a n k l a n d ’s case s tu d y  deals w ith  th e  autoecology of M ycena  galopus, a lit te r -  
decom posing Basidiom yceta  (C h ap te r 11).

T he re la tio n sh ip  be tw een  th e  d is tr ib u tio n  of Basidiomycetes m ycelia  in  th e  decid ious 
fo rests o f th e  te m p e ra te  zone and  th e  ab io tic  fac to rs  of the  m ic ro -en v iro n m en t is th e  su b je c t 
o f B o d d y ’s p ap er (C h ap te r 12).

I n  C hap ter 13, R a u d a sk o sk i and  Sa l o n e n  discuss the  re la tio n sh ip  betw een  v eg e ta tiv e  
m ycelia l developm en t and b asid ia l fru itin g  b o d y  form ation . In  C h a p te r  14, L y sek  speaks of 
th e  physio logical and  ecological im p o rtan ce  of rh y th m ic  grow th.

E sser  and  his co llabora to rs p o in t o u t  t h a t  the  senescence o f Podospora anserina  can  
be  induced  w ith  m ito ch o n d ria l p lasm id , a n d  consider its  possible im p o rtan ce  in genetic  
eng ineering  (C h ap te r 15).

In  connection  w ith  th e  m ycelium  of E ndo th ia  parasitica, a fu n g a l pa th o g en  of p la n ts , 
A n a g n o s t a k i s  em phasizes th e  role o f n u c lear an d  cytoplasm ic genes in  d e term in ing  th e  
m o rpho logy  and  v iru lence of th e  fungus (C h a p te r  16).

A n d e r so n  deals w ith  th e  v a r ia tio n s  observed  in  R hizoctonia solani and  w ith  th e  
im p o rtan ce  of h e terokaryosis (C h ap te r 17).

In  C hap ter 18, R a y n er  an d  W e b b e r  su rv ey  the  types o f in te rsp ec ific  m ycelial in te r ­
actions.

C h ap te r 19 con ta ins an  in te res tin g  p a p e r  b y  N o r d b r i n g - H e r t z  on 3 nem atophagous 
fungi in  w hich  th e  im p o rtan ce  of th e  lec tin -c a rb o n  dioxide re la tio n  is en ligh tened .

T he in terspecific  responses of m ycelia  in  th e  Aspergillus species a n d  th e  m ito ch o n d ria l 
in h eritan ce  are d ea lt w ith  by  Cro ft  and  D a les  in  C hapter 20.

T he la s t th ree  ch ap ters  discuss th e  in tra sp ec ific  in te rac tio n s; v a lu ab le  d a ta  also useful 
fo r the  p rac tice  are p resen ted  by  B r a sie r  on  Ceratocystis ulm i (C h a p te r  21) and by An a g n o s­
t a k is  on  E ndothia parasitica  (C h ap te r  22). R a y n e r  e t al. (C h ap te r 23) deal w ith  th e  q u es­
tio n s re la te d  to  th e  som atic  in co m p a tib ility , physio logy and ecology o f th e  h igher wood- 
decom posing fungi.

T h e  rich  m ate ria l of figu res and  p h o to g rap h s  help a b e tte r  u n d e rs tan d in g  of th e  te x t. 
E a c h  c h a p te r  is follow ed by  a d e ta iled  lis t o f references th a t  are u se fu l fo r all who w a n t to 
g e t a deeper in sigh t in to  th e  topic .

J .  A. T ó t h
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K a r o l  St a r m a c h : C h ry sophyceae  u n d  H ap to p h y ceae , in: E t t l , H . ,  G e r l o f f , J . ,  H e y n i g , 
H . ,  M o l l e n h a u e r , D. (red .): Süßw asserflora  von M itte leuropa. B an d  1. G. Fischer V erlag, 
J e n a .  1985. 515 pp.

T he au th o r o f th e  la te s t  volum e of th e  series “ Süßw asserflora  v o n  M itte leuropa”  is 
S t a r m a c h , the  in te rn a tio n a lly  recognized e x p ert on  th e  sub ject. H e  is one of th e  ed ito rs 
a n d  a u th o r  of several v o lu m es of th e  d e te rm in a tio n  book series w r it te n  on th e  aq u atic  flo ra  
o f P o la n d  (F lora  S lodkow odna Polski). H is book on th e  class of Chrysophyceae  has ru n  to  tw o 
ed itio n s  in Poland (1968, 1980).

The ed ito rs’ p reface  is follow ed by a tax o n o m ic  key  for 20 c lasses o f algae from  th e  
Cyanophyceae  to th e  C ryptophyceae. A fter each  class th e  nu m b er o f th e  re lev an t volum e of 
th e  series is given in  b ra c k e ts . T he taxonom ic  k ey  co m pared  to those  in  th e  previous volum es 
h a s  changed , since th e  a lgae in  th em  are p laced  in  13 classes, while in  th e  new conception  
th e y  belong to 20 classes.

A fter the a u th o r’s p re face  a list o f co n ten ts  is given.
The f irs t c h ap te r  o f th e  book supplies genera l in fo rm atio n  ch arac te riz in g  the  m o r­

p h o lo g y  and o rg an izatio n  o f th e  Chrysophyceae class. On the basis o f e lectron  m icroscope 
ex am in a tio n s  is the  subm icroscop ic  s tru c tu re  o f th e  cell m ade know n. O f th e  processes of cell 
d iv is io n  and rep ro d u c tio n  a n d  th e  ty p es of life cycle th e  a u th o r sp eak s in  a concise m anner. 
T h e  m orphological c h a ra c te ris tic s  of th e  species in  th e  class H aptophyceae  are described  
likew ise  on the  basis of E M  stud ies . T hen  th e  re ad e r  is acq u a in ted  w ith  th e  d is trib u tio n  and  
ecology of the  Chrysophyceae species and  w ith  th e  p roposed  m ethods of ex am in atio n . The la s t  
sec tio n  of the  c h ap te r  deals w ith  th e  sy s te m a tiza tio n  of the  tw o classes, developm ent of 
th e ir  taxonom ic a rra n g e m e n t, a n d  lists the  subclasses, orders and su b o rd ers .

On the  basis o f th e  c lassifica tion  a to ta l  o f 972 species are described  in th e  second 
c h a p te r  of the  book:

Chrysophyceae

Heterochry sophy  cidae
C hrom ulinales 50 genera 296 species
Ochromonadales 48 462

Acontochry sophy cidae
Chrysarachniales 2 4
Stylococcales 14 68
C.hrysosaccales 4 7
Pliaeoplacales 2 6

Craspedom onadophy cidae
M onosigales 16 88

Haptophyceae
lsochrisidales 13 30
P rym nesia les 7 11

The descrip tion  o f th e  m ajo r ch arac te ris tics  o f classes is fo llow ed by  the  taxonom ic  
k e y  fo r subclasses and  o rd ers . W ith in  the  o rders tax o n o m ic  keys fo r th e  suborders, th en  for 
th e  fam ilies and genera are  fo u n d . W ith  each genus-key  th e  a u th o r g ives a draw ing of a c h a r­
a c te r is tic  species w hereby  th e  taxonom ic  key is m ade  v iv id ly  d esc rip tive  a n d  exac t d e te rm in a ­
t io n  easier. A fter the  c h a ra c te riz a tio n  of the  genera  th e  au th o r lists in m o s t cases the  re le v an t 
l i te ra tu re  increasing th e re b y  th e  va lue  and usefulness o f th e  book. W ith in  th e  genera taxonom ic  
k ey s  for an deta iled  d e sc rip tio n s  of the  species a re  given. The tax o n o m ic  key of species is 
b a se d  on electron  m icroscope m orphology. In  several cases, e.g. w ith  th e  species M allom o- 
n o psis, M allom onas, S y n u ra , Sp in iferom onas , th e  basis of exact id en tif ic a tio n  is form ed b y  
th e  scales w hich are re liab ly  exam ined  only by  e lec tro n  m icroscope. D e ta iled  m orphological 
ch ara c te riz a tio n  of th e  species, in fo rm atio n  on th e ir  h a b ita ts , and a d ro w in g  (or even draw ings) 
o f  eac h  species m ake th e  w o rk  com plete.

An appendix  co n ta in s  th e  m orphological ch arac te rs  of Chrysophyceae  cistae and  a 
d e sc rip tio n  of cistae in  sev e ra l genera.

The book is closed b y  a lis t of lite ra tu re  (486 w orks) and a n  in d ex . The 1051 figu res, 
in c lu d in g  some EM  p h o to s , m ea n  in  fa c t m ore th a n  3000 draw ings of algae.

U n fo rtu n ate ly , th o u g h  it  does no t reduce th e  v a lue  of the  w ork , th e  book was p rin te d  
on  a p ap er of inferior q u a lity  com pared  to  the  fo rm er volum es, and so th e  draw ings do no t reach  
th e  h ig h  typog rap h ica l level th a t  we got used to  w ith  th e  earlier vo lum es. A nd it  would hav e
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req u ired  only a b it  o f thoug h tfu ln ess  to choose th e  sam e colour a n d  q u a lity  of the  ja c k e t  as 
for th e  volum es published  in  1983.

T he clear s tru c tu re  o f S ta rm ach ’s w ork , th e  de ta iled  m o rpho logy , th e  precise d e sc rip ­
tio n s of species and  th e  enorm ous bulk of d raw ings resu lted  in  a d e te rm in a tio n  hook th a t  
every  specialist can  re liab ly  use. A p art from  th e  algologists, th e  w ork  is recom m ended to  
sy s te m atis ts , hydrob io log ists, and to  b io logists engaged in w a te r  m anagem ent. Besides, 
S ta rm a c h ’s book is ind ispensab le  in the u n iv e rs ity  teaching.

K. T. K iss

J o a n n a  Z. K a d u b o w s k a : C cnjugatophyceae I. C h lorophyta  V II I .  Zygnem ales, in: E t t l , H ., 
G e r l o f f , J . ,  H e y n i g , H ., M o l l e n h a u e r , D. (red .): S üßw asserflo ra  von  M itteleuropa. B an d  
16. G. F ischer V erlag, Je n a . 1984. 532 pp.

A new volum e has been  added  to th e  series “ Süßw asserflora  v o n  M itte leuropa” . T he 
a u th o r  is K a d u b o w s k a , an  e x p ert in the  o rder o f Zygnemales k n o w n  all over the  w orld , w ho 
in  1972 w rote a d e te rm in a tio n  book on th e  fam ily  Zygnemaceae in  th e  Polish series F lo ra  
Slodkow odna Polski (red. S t a r m a c h  and S i e m i n s k a ).

A fte r th e  p reface  an d  the  lis t of co n ten ts  a taxonom ic  k ey  to  13 classes o f algae from  
Cyanophyceae to Cryptophyceae  is given.

In  th e  f irs t c h a p te r  of th e  book we are acq u a in te d  w ith  th e  m ajo r ch aracte ris tics o f 
th e  o rder o f Zygnemales. T he s tru c tu re  of p lasm odesm ae and cell-w alls, th e  types o f d iagonal 
cell-w alls, th e  cell-wall th icken ings in  the Zygnem ales species, fu r th e r  th e  ch aracte ris tic  shapes 
of ch ro m ato p h o res in th e  d ifferen t genera a re  described in d e ta il. Concise in fo rm atio n  is 
supplied  on th e  m etagenesis ch aracte ris tic  of th e  o rder (L ebenscyklus). T he au th o r gives full 
desc rip tio n  of the  m ajo r ty p es  of con jugation , o f lad d ery -, la te ra l  a n d  te rm in al co n ju g a tio n , 
w hich are o f decisive im p o rtan ce  in iden tify ing  th e  species. In  th e  sec tion  th a t  deals w ith  th e  
g en era tive  cells we lea rn  a b o u t the  types o f g am etan g iu m , th e  m orpho log ical features o f con­
ju g a tio n  channels, and  a b o u t th e  d ifferen t ty p es  o f zygote. T he genera l p a r t  of th e  book is 
closed w ith  in fo rm atio n  on  th e  occurrence and  d is trib u tio n  of th e  Zygnemales species an d  
w ith  a descrip tion  of th e  m eth o d s of collecting, p ro p ag a tin g , ex am in in g  and  de term in ing  th em .

T he second, sy s tem atica l ch ap ter o f th e  book  begins w ith  th e  tax o n o m ic  key of th e  12 
genera  in  th e  order of Zygnemales. Id en tifica tio n  is based  on th e  sh ap e  an d  num ber o f ch ro m ­
ato p h o res, n u m b er or absence of pyrenoids, th e  g am etang ium , th e  zygo te , and on th e  shape  
and  po sitio n  of th e  c o n ju g a tio n  channel.

W ith in  th e  genera  M ougeotia, Zygnema  a n d  Spirogyra  species groups (Sektionen) are  
sep a ra ted . A fter a general ch arac te riza tio n  of th e  genera  the  tax o n o m ic  key  of species g roups 
and  species follows. B esides th e  key a de ta iled  m orphological d e sc rip tio n  and draw ings help  
in  th e  ex ac t id en tif ic a tio n  of th e  species. N a tu ra lly , i t  is of th e  rep ro d u c tiv e  organs, pieces o f 
p lasm odesm a in th e  s ta te  o f con jugation  and  zygo tes ra th e r  th a n  of th e  hab itu s  th a t  d ra w ­
ings are found  here in th e  f irs t  place, since th ey  form  the  re liab le  basis of d e te rm in a tio n  in  
th e  case o f Zygnemales species. T here are also d a ta  o f occurrence fo r each  species.

T he m ost populous genera are: Spirogyra  (381 species), M ougeotia  (138 species) an d  
Zygnem a  (137 species). In  th e  o th er genera th e  n u m b er of species ran g es from  1 to 43. T he 
id en tif ic a tio n  book describes a to ta l of 784 species.

T he book is m ade com plete  w ith  a b ib lio g rap h y  (227 w orks), a n  index  and 798 figures.
U n fo rtu n a te ly , th o u g h  i t  does no t d e tra c t from  th e  value of th e  w ork , the  book app eared  

on  a pap er o f poorer q u a lity  com pared to  th e  p rev ious volum es, an d  th e  colour and q u a lity  
o f th e  ja c k e t do n o t agree w ith  those of th e  fo rm er volum es e ith e r. In  th e  case of a series 
a tte n tio n  should have  b een  p a id  to  such p a rticu la rs .

T he logical s tru c tu re  of K a d u b o w s k a ’s d e te rm in a tio n  book , th e  exac t descrip tions 
o f species, th e  m orpholog ical details and th e  rich  m ate ria l of d raw in g s resu lted  in a w ork 
safely  recom m ended  to ev ery  algologist. S y s tem atis ts , hydrob io log ists and  those w orking in  
th e  p rac tice  o f w a te r m an ag em en t can m ake good use o f the  book. B esides, the  book can  be 
used  in u n iv ers ity  ed u ca tio n  and  in all fields w here th e  know ledge a n d  ex ac t id en tificatio n  of 
th e  species in  th e  o rder o f Zygnemales is im p o rta n t.

K. T. K iss

Acta Botanica Hungarica 32, 1986



330 B O O K  R E V I E W S

D a k o v , M. e t al. (eds): C hervena kn ig a  n a  N. R . B ulgariya . Tom . 1. R a s te n iy a  (R ed  d a ta  
b o o k  of th e  People’s R ep u b lic  of B u lg aria . V o lu m e 1. P lan ta). I z d a te ls tv o  na  B u lg arsk a ta  
A k a d em iy a  na N a u k ite , So fiya  1984. 447 pp .

Two decades h av e  e lapsed  since th e  IU C N  recognizing th e  ir rep a rab le  losses o f gene 
re se rv es  d isappearing  w ith  th e  ex tin g u ish ed  species s ta r te d  th e  series o f  R ed  D a ta  B ooks. 
S ince th e n  m any  books h av e  been pu b lish ed  each  presen ting  th e  ra re  p la n ts  and  an im als 
th re a te n e d  to  be e rad ica ted  in  a c o u n try  o r  co n tin e n t. B ulgaria  p u b lish ed  th e  f irs t vo lum e 
o f  th e  red  book p lan n ed  to  ru n  to  tw o vo lum es in  th e  a u tu m n  of 1984.

T he ed ito rial h o a rd  includes sc ien tis ts  o f n am e  such as th e  professors S. N e d i a l k o v , 
I. B o n d e v , B. B o t e v , M. M a r i n o v , T z . P e s h e v , V. V e l c h e v . T he m em b ers of the  ed ito ria l 
b o a rd  fo r the  f irs t vo lum e on p lan ts  (V. V e e c h e v , I. B o n d e v , S. K o z h u h a r o v , B. K u z m a n o v , 
M. M a r k o v a ) co-o rd in a ted  th e  a c tiv ity  o f  a  te a m  of 34 au tho rs in  th e  course  o f w riting  u p  
t h e  su b jec t.

In  the  book of large  fo rm at 763 of th e  3560 species of the  v a sc u la r  flo ra  o f B u lgaria  
a re  described. A p a r tic u la r ly  large n u m b er o f species is found  in it from  th e  genera  Verbascum, 
A lchem illa , Cenlaurea, Viola  and  Silene. N a tu ra lly , th e  nu m b er of species endem ic in B u lgaria  
(124) an d  of those endem ic in  the  B a lk a n  P e n in su la  an d  also found  in  B u lg aria  (105) is high. 
T h ro u g h  changes in  th e  v e g e ta tio n  over th e  c en tu rie s  m an y  of th e  once fre q u e n t p lan ts  hav e  
b ecom e relics b y  now ; of th ese  50 are  in c lu d ed  in  th e  book.

T he p lan ts beg in n in g  w ith  th e  Lycopodiaceae  a re  grouped b y  th e  fam ily  and w ith in  i t  
in  a generic order. On each  page tw o species a re  characterized . T he a u th o rs  w ith  a p ra isab le  
co n sis ten cy  give th e  m o st im p o rta n t p a r tic u la rs  in  9 groups of in fo rm a tio n , each  co n ta in in g  
15 -3 0  lines on an  average.

U nder th e  h ead w o rd  biological ty p e  th e  p la n ts  are p laced in  one of th e  follow ing 
g ro u p s: tree , sh rub , su b -sh ru b , everg reen , a n n u a l, biennial, p e ren n ia l herbaceous p lan ts . 
W ith in  th e  concept o f th rea te n e d  positio n  3 categories are set up : e x tin c t  (31 species), d is­
a p p ea rin g  (158 species), ra re  (574 species). T he geographical d is tr ib u tio n  is described in  d e ta il. 
T h e  B u lgarian  a rea  o f each  species is show n on a  sep ara te  m ap. T he ecological c h a ra c te riz a ­
t io n  o f h a b ita ts  an d  d a ta  concerning th e  p o p u la tio n s  are  given u n d e r  th e  sam e headw ord . 
B eside  th e  period of flow ering  and f ru it rip en in g  th e  generative  an d  v e g e ta tiv e  rep ro d u c tio n  
a n d  th e  possib ility  a n d  w ay  of reg en e ra tio n  are  also discussed.

R em arks on  th e  fac to rs  in fluencing  a d v erse ly  or th rea ten in g  th e  su rv iv a l o f p la n ts  
a n d  on  th e  m easures ta k e n  to  p ro tec t th e  species are  found  un d er 3 headw ords. T hey  n am e 
th e  n a tu re  conserva tion  a reas w here th e  p o p u la tio n s  o f th e  d ifferen t species can  safely develop 
a n d  su rv ive  due to  a s tr ic t  p ro h ib itio n  on  a d m itta n c e . The read e r is also inform ed of th e  
p la n ts  to  he placed in  th e  b o tan ica l g a rd en  o f th e  B u lgarian  A cadem y o f Sciences in  S ofia  
a n d  o f  th e  seeds to  be  co llected  for th e  seed b a n k  in  th e  course of th e  gene p reserv a tio n  w ork  
a lre a d y  in  process. T he ch arac te riza tio n s a re  co m ple ted  by  lite ra ry  references.

T he descrip tion  of taxonom ic  c h a ra c te rs  concern ing  the  species w as no  ta sk  of th e  book . 
T h e  p lan ts  can be id en tif ie d  by  8 2 x 8 2  m m  p ic tu re s  equally  given for each  species, o f w hich  
155 are  coloured th e  o th e rs  b lack -an d -w h ite . T h e  p ic tu res  often c o n ta in  d raw ings of c h a ra c ­
te r is t ic  details, e.g. th e  sp ike le ts o f g rasses, th e  u r tic u la  o f sedges, th e  in v o lu cra l b rac ts  o f cen- 
ta u re a  or o th er p la n t p a r ts  a re  show n beside th e  p ic tu res  o f h ab it. T he a r tis t ic  p a in tin g s an d  
d raw in g s are th e  w orks o f D. V l a e v . In  each  p ic tu re  a coloured p ic to g ram  ind ica tes th e  
deg ree  of danger th rea te n in g  th e  p lan t.

T he un iform  size o f th e  p ic tu res  a n d  th e  absence of d escrip tions p rev en t, how ever, 
th e  com parison of th e  m easu rem en ts o f p la n ts ;  w ith  a few w ords, o r  in d ica tio n  of scale, or 
w i th  a sim ple p ic to g ram  i t  could hav e  b een  m ad e  possible.

The style o f th e  book  is sim ple, c lear, e asy  to read , obv iously  m ea n t no t on ly  fo r 
sp ec ia lis ts  b u t for everyone  fond of n a tu re . R esearch ers and to u ris ts , teach e rs  and  s tu d e n ts  
m a y  equally  p ro fit by  read in g  it.

A t the  end of th e  vo lum e 56 coloured  p h o to s  de ligh t the  eye. T h e  use of coated  p a p e r  
w o u ld  have g rea tly  increase  th e  va lue  of th e  p h o to s.

Two m aps m ake  th e  book com plete  (w orks by  V. V e l e v ). T he f irs t  rep resen ts th e  flo- 
r is t ic  division of B u lgaria . T he o th e r is no less in te res tin g : i t  con ta ins th e  lis t and  shows th e  
lo ca tio n s  of 180 n a tu re  co n se rv a tio n  areas in B u lgaria .

To sum  it  u p : th e  read e r tak es a u sefu l, well composed book of fin e  get-up  in han d . 
T h o u g h  it  appeared  in  a  lim ited  ed itio n  (10 000 copies) th e  book is h o p ed  to  reach  m an y , 
a n d  good use will be m ade of its co n ten t.

M. N a g y
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L. O r l ó c i  and N. C. K e n k e l : In tro d u c tio n  to  D a ta  A nalysis w ith  E xam p les from  P o p u la ­
tio n  a n d  C om m unity E co lo g y . In te rn a tio n a l C o-operative P u b lish in g  H ouse, F a irlan d , M ary ­
land , U SA . 1985, 340 pp .

T his book cam e o u t  as the  f irs t vo lu m e of the  series “ S ta tis t ic a l  E cology M onographs” . 
In  fa c t, th is  is the f irs t  te x tb o o k  published b y  IC P H , all th e  o th e rs  c o n ta in  technical pap ers , 
review s and  b ib liographies. As such, th is b o o k  m eets a long need , n am ely  a successful com ­
b in a tio n  of conven tional u n iv a ria te  s ta tis t ic s  w ith  m u ltiv a ria te  techn iques. This so rt of 
sy n th esis  seems quite  n o v e l in  the  l ite ra tu re  o f s ta tis tica l ecology.

T he title  reflects w ell th e  con ten ts. A  wide v a rie ty  o f m e th o d s  have  been discussed, 
inc lu d in g  some more re c e n tly  proposed ap p ro ach es  to the  a n a ly s is  o f ecological d a ta . T hree  
m ain  prob lem  areas a re  addressed : e x p lo ra tio n  of d a ta  s tru c tu re , e s tim a tio n  of p o p u la tio n  
p a ram e te rs  and h y p o th esis  testing . The d esc rip tions are a lw ay s prob lem -orien ted , m an y  
ex am ples help the re ad e r f in d  th e  way fro m  th eo ry  to p ractice . T h e  m ate ria l is d iv ided  in to  
15 c h ap te rs  and, in a d d itio n , a glossary, a n  a u th o r index an d  a su b je c t index fac ilita te  our 
o r ien ta tio n . A n inety -page  ap p en d ix  p ro v id es listings of BASIC p ro g ram s designed to pe rfo rm  
m ost techn iques of d a ta  analysis discussed in  th e  tex t. Sam ple ru n s  a re  also p rov ided , these  
m ay  prove  useful as a ch eck  of program  im p lem en ta tio n . As a m a t te r  o f fac t, the  whole book 
can  be  considered as a “ p ro g ram  o u tp u t” , since th e  te x t w as processed  and p rin ted  using  a 
m icro co m p u ter. This ex p la in s  th e  u n usual la rg e  fo rm at of th e  vo lu m e.

I t  seems w orth  sum m ariz in g  the  c o n te n ts  to  illu stra te  th e  g en era l u tility  of th is book. 
T he f i r s t  chap ter discusses d a ta  types in  b r ie f  and em phasizes th e  im portance  of carefu l 
p lan n in g  in ecological su rv e y s . Then, the  a u th o rs  give a sho rt h is to rica l review  of the  develop­
m e n t o f m ethods and eq u ip m e n t used in  biological d a ta  m an a g em e n t. The n ex t c h ap te r  
describes d a ta  sources, v a riab les , tran s fo rm a tio n  functions a n d  th e  m ethods of h and ling  
m easu rem en t errors. C h a p te r  IV is d ev o ted  to  th e  m ethods an d  a im s of describing p o p u la ­
tio n s: d istrib u tio n s an d  p o p u la tio n  d esc rip to rs , including e n tro p y  a n d  various m om ents, are 
discussed. Sam pling p ro b lem s get in to  focus in  th e  n ex t ch ap te r . T h en , th e  au tho rs tu rn  to  
th e  p rob lem s of e stim a tio n  in  various sam p lin g  designs. C h ap te r 7, “ M easuring com m onness 
and  p ro b a b ility ” , re p re se n ts  th e  first s te p  to w ard s an in tro d u c tio n  to  hypothesis testing . 
S am p lin g  d istribu tions a n d  confidence lim its  a re  considered in  d e ta il.

R esem blance fu n c tio n s  used in com p ariso n s betw een v a ria b le s , ind iv iduals or groups 
a re  p re sen te d  in C hap ter 8. T he fo rm ula tion  o f hypotheses an d  th e ir  te s tin g  com prise th e  m ain  
p a r t  o f th e  n ex t c h ap te r , w h ich  is the  lo n g est one in the  book. T h e  m eth o d s  in tro d u ced  here 
in clu d e  th e  K o lm o g o r o v—S m ir n o v  te s t, i- te s ts , various versions o f  ANOVA, canonical cor­
re la tio n , hom ogeneity  te s ts  and  the  co m p ariso n  of nested c h a ra c te r  hierarchies. C h ap ter 10 
describes selected m odels o f  regression ana ly sis . The d e te rm in a tio n  of ra n k  order of ch arac te rs  
is d iscussed  in the n e x t c h a p te r . F inally , th e  m u ltiv aria te  m eth o d s  of d a ta  ex p lo ra tion  are 
described . F our chap ters  a re  devoted  to th is  top ic . A lgorithm s fo r co m p o n en t analysis, m u lti­
d im en sio n a l scaling, c lu s te r  analysis, ana ly sis  o f concen tra tion  a n d  d isc rim in an t analysis are 
am o n g  th e  m any  m eth o d s in tro d u ced  here.

A lthough  the  te x t  h a s  been  suggested  b y  th e  au th o rs  fo r use  p rim arily  a t u n iv e rs ity  
courses, I  feel th a t i t  is v e ry  useful also as a  h andbook . T herefore, th is  volum e is v ery  h igh ly  
recom m ended  for all s tu d e n ts  o f p o p u latio n  a n d  com m unity  ecology w ho w ish to analyze th e ir  
d a ta  in a n  objective m an n e r.

J .  PODANI

E b b i n g h a u s , H. D., F l u m , J . ,  T h o m a s , W .: M athem atical L ogic. U n d e rg rad u a te  T ex t in 
M ath em atics . Springer-V erlag , New Y o rk -B e rlin -H e id e lb e rg -T o k y o , 1984. ix 216 pp.

T h e  book begins w ith  a successful in tro d u c to ry  chap ter. In  th e  sections of th is c h ap te r  
tw o sim ple m ath em atica l p roo fs are p re sen te d  as illu stra tions fo r m e th o d s  of proof used  by  
m ath e m a tic ia n s . By th ese  exam ples some q u estio n s w hich lead  us to  th e  m ain  topics o f th e  
book  are  raised. T here is a n  exam ple fro m  group  theo ry  (we re q u ire  th e  axiom s of group 
th e o ry , th e n  prove th e  ex is ten ce  of a left inv erse), and an exam ple  fro m  th e  theo ry  of equ i­
valence re la tions is also g iven . T he proved th eo re m , a fte r the  s ta te m e n t o f th ree  axiom s of th e  
th eo ry  o f  equivalence re la tio n s , is th a t for all x  an d  y, if there  is a и  such  th a t  x  R  и and  y  R  u, 
th e n  fo r all z, x  R г if a n d  o n ly  if у  R 2.

T h e  following c h a p te rs  con tain  an  in tro d u c tio n  to f irs t-o rd e r logic, a  p roof of G ö d e l ’s 
com ple teness theorem  (C h. 5) and  a sh o rt digression  in to  m odel th e o ry  w hich shows th a t  
f irs t-o rd e r  languages h av e  som e deficiencies in  expressive pow er.
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T h e  prerequisites fro m  se t th eo ry  th a t  are necessary  to overcom e th e  above difficulties 
a re  e x p la in ed  and then  th e  re la tio n  betw een  logic and  set th eo ry  is t r e a te d  in  a thorough 
m a n n e r .

G ö d e l ’s (first and second) incom pleteness theo rem s are tre a te d  a t  th e  end  of chap ter 10 
in  c o n n ec tio n  w ith several re la te d  resu lts .

A s an  a lte rna tive  to  f ir s t-o rd e r  logic som e o th e r  logical system  is considered , such as 
seco n d -o rd e r and in fin ita ry  logics.

In  th e  final c h a p te r  som e resu lts  are p resen ted  in  connections w ith  L indström ’s 
th e o re m s  w hich show th a t  th e re  is no logical sy s tem  th a t  ex tends f ir s t-o rd e r  logic and a t  th e  
sam e tim e  shares all its a d v a n ta g e s .

T h is  book is tr a n s la te d  fro m  E in fü h ru n g  in  die mathematische Log ik  published by 
W issen sch aftlich e  B u ch gesellschaft in  1978.

Som e sections have  b e en  rev ised  for th e  tran s la tio n  and  som e exercises have also 
b een  a d d ed .

B .  TÓTHMÉRÉSZ
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The p ap ers  g en era lly  have th e  fo llow ing  co m p o n en ts , w hich  should  be  p resen ted  in th e  
o rd e r  listed:

1. T itle, n a m e  o f th e  au tho r(s), a ffilia tio n , d a ta lin e , a b s tra c t, k ey w o rd s
2. T ex t, acknow ledgem en ts
3. R eferences
4. F o o tn o tes
5. Tables
6. F igure c a p tio n s
7. I llu s tra tio n s

1. The a ffi l ia tio n  should be as concise as possib le a n d  should in c lu d e  th e  com plete 
m ailin g  address o f  th e  a u th o rs . The d a te  o f  rece ip t of th e  m an u sc rip t will be  su p p lied  by  th e  ed i­
to rs . T he a b s tra c t sh o u ld  he  in E nglish  a n d  should  n o t exceed  250 w ords. I t  sh o u ld  clearly  a n d  
s im p ly  sum m arize th e  m o st im p o rta n t m e th o d s  and  re su lts . 5-10  s ig n ifican t expressions d e ­
scrib ing  the  c o n te n t a re  used  as key w o rd s. A u th o rs  m ay  recom m end these  keyw ords.

2. The text o f  th e  papers should  b e  of h igh s ty lis tic  s ta n d a rd , re q u irin g  m inor co rrec­
tio n s  only. T he se c tio n  headings, n a m e s  of au th o rs  c ite d , la tin  nam es a n d  te rm s  should not 
b e  u n derlined  or in  c a p ita ls . Q uan tities sh o u ld  be expressed  in  S i-u n its .

3. References a re  accep ted  on ly  in  th e  H a rv a rd  sy s te m . C ita tion  in  th e  te x t  m u st be as: 
. . .  (Jak u cs  1961) . . .  o r  Jak u cs (1961) . . .
. . . (F ekete  and  P ré c s é n y i  1981) . . .
. . .  (B orhid i e t al. 1979a) . . .

T he lis t o f re fe ren ces should c o n ta in  th e  nam es a n d  in itia ls  of all a u th o rs  (the  a b b rev ia ­
t io n  e t al. is n o t a c c e p te d  here); for jo u rn a l articles y e a r o f p u b lic a tio n , th e  t i t le  of th e  p ap er, 
t i t l e  o f  th e  jo u rn a l a b b re v ia te d , vo lum e n u m b e r, f irs t  a n d  la s t  pages.

F o r books o r  chapters in books, th e  t i t le  is follow ed b y  th e  p u b lish er a n d  place of p u b ­
lic a tio n . Book t i t le  w o rd s  should be w r i t te n  w ith  m ajuscu les . T itles of p a p ers  pub lish ed  only in  
H u n g a rian  should  b e  tra n s la te d  in p a ren th ese s . All item s are  recom m ended  to  b e  c ited  b o th  in  
th e  te x t  and references.

E xam ples:

J a k u c s , P . 1961: D ie  P h y tozöno log ischen  V erh ältn isse  d e r F lau m eich en -B u sc liw ä ld er S ü d o st­
m itte leu ro p as. A kadém iai K ia d ó , B u d ap est.

F e k e te , G., P réc sén y i, I .  1981: N iche s tru c tu re  o f a p e ren n ia l sandy  g ra ss lan d . In : S tefano- 
v its , P ., B é rez ik , A ., Fekete , G ., Se id l, M. (eds): M an  and  th e  B io sp h ere  P ro g ram m e. 
Survey of 10 Y e a rs  A ctiv ity  in  H u n g a ry . B u d a p es t, 68-102.

B o rh id i, A ., M uniz, O ., D el Risco, E . 1979a: C lasificación fitocenologica de  la  vegetáción  de  
Cuba. A c ta  B o t.  H ung. 25: 263—301. »>

Ja k u c s , P . 1973: „ S ík fő k ú t  P ro jek t” . E g y  tö lgyes ö k o sz isz tém a k ö rn y eze tb io ló g ia i k u ta tá sa  a 
bioszféra p ro g ra m  keretein  be lü l. (S ík fő k ú t-P ro jec t. E n v iro n m en ta l-b io lo g ica l research  
of an oakw ood ecosystem  w ith in  th e  fram ew ork of th e  B iosphere p ro g ram ). MTA B iol. 
Oszt. Közi. 16: 11-25.

4. Footnotes sh o u ld  be ty p ed  on  a  sep a ra te  shee t.

5. Tables sh o u ld  b e  typed  on  se p a ra te  pages. T h e y  shou ld  be n u m b ere d  serially  w ith  
a ra b ic  num erals a n d  h a v e  a concise h e a d in g  each. V e rtica l lines are n o t u sed . Clear w ording 
o f  co lum n heads is ad v isab le .

6. Figure cap tions  should de p ro v id e d  on a sep a ra te  shee t.

7. Illustra tions  m u s t  n o t he in se r te d  in  th e  te x t .  F ig u re s  will be re d ra w n . T herefore th e  
m o s t im p o rta n t p o in t  is th e  clearness o f th e  figures, even  p en cil draw ings a re  accep ted  (w ith  a 
d u p lica te ). P h o to g ra p h s  should  be sh a rp  a n d  well co n tra s ted . All th e  i llu s tra tio n s  should b e a r 
th e  figure  num ber a n d  a u th o r’s nam e in  pencil on the  reverse .

T he ed ito rs w ill send  in fo rm atio n  to  th e  f irs t a u th o r  ab o u t th e  a rr iv a l an d  acceptance 
o f th e  paper. Two pro o fs  w ill be p ro v id ed , w hich  are req u este d  to  be re tu rn e d  w ith in  48 hours o f 
re c e ip t to  th e  ed ito r. A lte ra tio n s  in th e  t e x t  an d  especially  in  th e  illu stra tio n s a re  expensive an d  
shou ld  be avoided. H u n d re d  offprints  a re  supp lied  free o f charge.

These in s tru c tio n s  a re  valid as f ro m  1983.
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