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A b s t r a c t : The spores of nine European Lycopodiaceae species f r o m the genera L y c o - 
p o d i u m . Huperz ia . Lep ido t i s and D i p h a s i u m are c o m p a r e d . F ive morphotypes are d i s t i n ­
guished on the basis of spore w a l l o r n a m e n t a t i o n . 

I N T R O D U C T I O N 

The spores of recent Lycopodiaceae have been studied by many authors , as l i s t e d E R D T M A N 
and SORSA ( 1 9 7 1 , p . 1 1 1 . , and p . 188 . ) . GREGUSS (1?41) f i gu red the spores of s i x C e n t r a l European 
Lycopodiaceae species, KNOX (1950), on the basis of spore ornamenta t ion , es tab l i shed f ive m o r p h o -
types : th ree foveolate (selago, p h l e g m a r i a , v e r t i c i l l a t u m ) , one re t i cu la te (c lavatum) and one echinate 
(densum). K R U T Z S C H (1963) has studied spores of l i v i n g Lycopodiaceae genera, namely , P h y l l o - 
g l o s s u m . Uros tachys , Lycopod ium and c r e a t e d four m o r p h o l o g i c a l groups: foveolate , r e t i c u l a t e , h a -
mula te and echinate morphogroups , w i t h a l toge ther twelwe morpho types . Spore d e s c r i p t i o n s of some 
mode rn Lycopodiaceae can be found i n the w o r k s of E R D T M A N , B E R G L U N D and P R A G L O W S K I 
(1961), E R D T M A N and SORSA (1971). The p o l l e n and spore key prepared by NILSSON and P R A G ­
L O W S K I ( E R D T M A N , P R A G L O W S K I , NILSSON 1963) was a lso useful i n f o r m a t i o n fo r u s . 

T U T I N et a l . (1964) i n F l o r a Europaea I . , subdivided the f a m i l y Lycopodiaceae in to four 
genera and placed there ten species which o c c u r also i n E u r o p e . 
These are as fo l lows : 1 . Genus: Huperz ia B e r n h . : Huperz ia selago. 2 . Genus: Lep ido t i s B e a u v . : 
L . ce rnua , L . inundata. 3. Genus: L y c o p o d i u m L . : L . annot lnum. L . c l a v a t u m . L . dub ium. 4 . G e ­
nus: D iphas ium C . P r e s l : D . complana tum, D . t r i s t a c h y u m , D . i s s l e r i . D . a l p i n u m . 

I n t h i s paper the f o l l o w i n g p rob l ems w e r e inves t iga ted: 
1 . Is i t poss ible to separate the four genera on the basis o f spore morphology? 
2 . W h i c h qua l i t a t ive and quant i ta t ive c h a r a c t e r i s t i c s can be used to ident i fy the species? 
3 . What i s the geographica l d i s t r i b u t i o n o f the species inves t iga ted? 
4 . I n what m o r p h o l o g i c a l groups and m o r p h o l o g i c a l types can the spores of the European L y c o p o ­

diaceae be arranged? 
5. I s t he r e any m o r p h o l o g i c a l s i m i l a r i t y between the foss i l d i spersed spores and the recent spores 

of the Lycopodiaceae species studied by the authors? 

M A T E R I A L AND M E T H O D 

Spore samples were co l l ec t ed f r o m selected h e r b a r i u m specimens which a re deposi ted i n 
H e r b a r i u m of Hungar ian N a t u r a l H i s t o r y M u s e u m . 



The fo l lowing specimens were taken f r o m the h e r b a r i u m (BP) : 

Reg i s t r a t i on N o , Species 

43482 Lycopodium annot inum L . 

43382 Lycopodium c l a v a t u m L . 

43436 Diphas ium a l p i n u m ( L . ) R o t h m . 

43360 Diphas ium complana tum ( L . ) R o t h m . 

45133 Diphas ium i s s l e r i (Rouy) Holub 

45273 Diphas ium t r i s t a c h y u m 

(Pursh) R o t h m . 

43397 Lepido t i s ce rnua ( L . ) Beauv. 

45132 Lepido t i s inundata ( L . ) C . Börner 

45131 Huperz ia selago ( L . ) B e r n h . ex 
Schrank & M a r t 

L o c a l i t y 

Bohemia a u s t r a l i s , mont i s sokol (Ant ige l ) , 
p rope v i c u m K v i l d a , 1150 m . s. m . 

F e l k a e r T h a i (now th is place i s Czecho­
s lovakia) 

W Greenland: Godthab, SW of L i l l e Malene 

Pálháza, montes Sátorhegység (Hungary) 

Bad Wildungen , Hessen, Deutschland 

G r o e n l . 

S i e r r a M a e s t r a , M t . Gran P i e d r a , Cuba 

Senice (Czechoslovakia) 

Alpe Serbán, supra pagum Terebesfe jé r ­
patak (now i t i s Roumania) 

Samples w e r e taken using E r d t m a n ' s method f o r recent spores and po l l en g r a i n s . The s l ides 
were p r e se rved i n g l y c e r i n e - y e l l y , Observat ions and mic ropho tographs were made us ing an N f p K -
l igh t m i c r o s c o p e . 

R E S U L T S 

We have examined spores of nine o f the ten European species o f the genera Lycopodiaceae (we did 
not have any m a t e r i a l of the species Lycopodium d u b i u m Zoega) and mapped the areas of d i s t r i b u ­
t i o n of the species (Hultén 1958, Jalas et a l . 1972 and Meusel et a l . 1965) . F o l l o w i n g K r u t z s c h ' s 
method for g r o u p i n g the spores, we have placed t h e m in to five morphotypes of three morphog roups . 

Morphogroup I : Re t i cu l a t e scu lp tu re 

a n n o t i n u m - m o r p h o t y p e : d i s t a l surface of spores r e t i c u l a t e , m u r i wind ing ; l ack o f o rna­
menta t ion on p r o x i m a l surface c l e a r l y seen. 

Lycopodium annot inum L . 1753 
Plate I . , F i g s 1-3. 

D e s c r i p t i o n : spores t r i l e t e , laesurae d i s t i n c t , r e ach ing the equator . A m b rounded t r i a n g u l a r . D i s t a l 
face w i t h a pe r f ec t r e t i c u l u m . L u m i n a of r e t i c u l u m 7 ja to 10 ja i n basal d i amete r , i r r e g u l a r l y pen ­
tagonal and hexagonal i n o u t l i n e . M u r i membraneous , 0 . 7 j u wide , 2 . 5 - 3 j u h i g h . P r o x i m a l face 
smooth o r f a i n t l y scabra te . Ex ine 3-4 u t h i c k . Spore s ize : 41-46 ja. 

c l a v a t u m - m o r p h o t y p e : spores r e t i cu l a t e both p r o x i m a l l y and d i s t a l l y , but r e t i c u l u m on 
d i s t a l face w e l l developed, on p r o x i m a l face less so . 

Lycopod ium c l a v a t u m L . 1753 
Plate I . , F i g s 4 - 9 . 

D e s c r i p t i o n : spores t r i l e t e , length o f laesurae 13-15 u, 2 /3 of spore r a d i u s . Amb s u b c i r c u l a r to 
c i r c u l a r . Re t i cu l a t e both d i s t a l l y and p r o x i m a l l y . M u r i conspicuously wind ing , l u m i n a o f r e t i c u l u m 
i r r e g u l a r l y po lygona l , 3-7 u i n d i a m e t e r . Height o f m u r i 4-5 j u , c a . 0.5 ju w i d e . Exine 3 ja t h i c k . 
Spore s ize: 37-40 j u . 



Diphas ium a lp inum ( L . ) R o t h m . 1944 
Plate I I . , F igs 1-3. 

D e s c r i p t i o n : spores t r i l e t e , laesurae d i s t i n c t , length 3/4 o f spore r ad ius , w i t h l i p s . Re t i cu la te both 
d i s t a l l y and p r o x i m a l l y . On p r o x i m a l face contact a rea unornamented , r e m a i n i n g p a r t r e t i c u l a t e . 
L u m i n a of d i s t a l r e t i c u l u m rounded polygonal , 7-11 j u i n d i a m e t e r . M u r i 1.5-2 ju wide , and 6-7 yu 
h i g h . Exine 4-5 ja t h i c k . Spore s ize : 42-47 Ai (excluded m u r i ) . 

D iphas ium complana tum ( L . ) R o t h m . 1944 
Plate I I . , F i g s 4 - 6 , 

D e s c r i p t i o n : spores t r i l e t e , laesurae s t r a igh t , a lmos t r each ing the equator , w i t h membraneous l i p s , 
1 . 5 J U w ide , 2 u h i g h . Laesura a r m s about 15 j u . A m b s u b c i r c u l a r . Re t icu la te both d i s t a l l y and 
p r o x i m a l l y . D i s t a l face w i t h a m o r e o r less per fec t r e t i c u l u m . L u m i n a o f r e t i c u l u m i r r e g u l a r l y 
hexagonal i n o u t l i n e . M u r i f a in t l y w i n d i n g . Height of m u r i 3 ju wide 0 .5 yu. P r o x i m a l face w i t h t a n ­
g e n t i a l ^ a r r anged m u r i of r e t i c u l u m runn ing to os i la te contact a r ea . Ex ine 3 u t h i c k . Spore s i ze : 
35-37 M . 

Diphas ium i s s l e r i (Rouy) J . Holub 1960 
Plate I I I . , F i g s 1-3. 

D e s c r i p t i o n : spores t r i l e t e , laesurae s t r a igh t , long , reach ing a lmost the equator, w i t h l i p s . A m b 
s u b c i r c u l a r . Re t i cu l a t e both d i s t a l l y and p r o x i m a l l y . D i s t a l face w i t h per fec t r e t i c u l u m . L u m i n a o f 
r e t i c u l u m 6-8 yu i n d i ame te r , r e g u l a r l y hexagonal, m u r i s t r a igh t , 1 j u t h i n , and 3 ja h i g h . P r o x i m a l 
face w i t h a smooth contact area, but around the equator the surface r e t i c u l a t e . Exine 3 . 5 - 4 j u t h i c k . 
Spore s ize : 40-42 il. 

D i p h a s i u m t r i s t a c h y u m (Pursh) R o t h m . 1944 
Pla te I I I . , F i g s 4 - 6 . 

D e s c r i p t i o n : spores t r i l e t e , laesurae s t r a igh t , r each ing the equator . A m b c i r c u l a r . P r o x i m a l face 
r e t i c u l a t e , but w i t h a smooth contact a r e a . D i s t a l face also r e t i c u l a t e , l u m i n a of r e t i c u l u m r e g u l a r ­
l y hexagonal . M u r i s t r a igh t , 1.5yu wide , 6-7 yj h i g h . Ex ine 3 -3 .5 JU t h i c k . Spore s ize : 42-45 j u . 

Morphogroup I I : Hamula te scu lp ture 

c e r n u a - m o r p h o t y p e : p r o x i m a l surface unscu lp tu red , d i s t a l surface hamulate ; exine i n i n t e r -
apica l r eg ion t h i c k e r than i n apical r e g i o n . 

Lepido t i s cernua ( L . ) Beauv . 1804 
Plate I V . , F i g s 1-4. 

D e s c r i p t i o n : t r i l e t e , t r i c r a s s a t e spores . Laesurae s t r a igh t , s i m p l e , length 3/4 of spore r a d i u s . 
Amb rounded t r i a n g u l a r , w i t h s t r ong ly convex s ides . P r o x i m a l face smooth , d i s t a l face hamula te : 
ornamented by m o r e o r less developed anastomosing rugulae up to 2-3 yu a c r o s s . Exine 1.5 ju t h i c k 
ap ica l ly , and 5 j u wide i n t e r a p i c a l l y . Spore s ize : 3 2 - 3 8 j u . 

i n u n d a t a - m o r p h o t y p e : p r o x i m a l surface ornamented w i t h granulae o r Verrucae ; laesurae 
often sur rounded by a m a r g o . D i s t a l surface hamu la t e . 

Lep ido t i s inundata ( L . ) C . Börner 1912 
Pla te I V . , F i g s 5 -9 . 

D e s c r i p t i o n : spores t r i l e t e , laesurae reach ing o r a lmos t reaching the equator , often sur rounded by 
a d i s t i n g m a r g o , w h i c h 2-4 ju wide , 1-2 ju h i g h . P r o x i m a l surface scu lp tured by granulae o r V e r ­
rucae . D i s t a l sur face hamulate , cons i s t i ng of i r r e g u l a r l y w i n d i n g , densely spaced low r u g u l a e , E x i n e 
4-5 yu t h i c k at apices , 5-7 M t h i c k at sides ( s l igh t ly t r i c r a s s a t e ) . Amb rounded t r i a n g u l a r . Spore 
s ize: 62-66 yu. 



Morphogroup I I I : Foveola te scu lp tu re 

s e l a g o - m o r p h o t y p e : amb hexagonal , foveolate both p r o x i m a l l y and d i s t a l l y , 

Hupe rz i a selago ( L . ) B e r n h . ex Schrank & M a r t 1829 
P la te Í V . , F i g s 1 0 - 1 2 . 

D e s c r i p t i o n : t r i l e t e spores , laesurae s t r a igh t , r each ing the equator; length 17-20 ju. A m b hexagonal 
(sides facing l ae su ra a r m s s l i g h t l y convex, r e m a i n i n g sides c o n c a v e ) . P r o x i m a l face sparse ly , d i s t a l 
face c lose ly p i t t ed (foveolate) . P i t s 0 . 7 - 1 . 5 ju w i d e , 2-3 ju a p a r t . Exine 2-3 n t h i c k . Spore s i ze : 
40-46 j j . 

CONCLUSIONS 

The issues brought up i n the i n t r o d u c t i o n can be answered as fo l lows : 
1 . Of the four Lycopodiacea genera, H u p e r z i a spores are foveolate , those of Lep ido t i s hamulate and 
w e l l d i f fe ren t i a ted f r o m the o ther two genera . Spores of the genera Lycopod ium and D i p h a s i u m are 
r e t i c u l a t e and cannot be w e l l d i s t i ngu i shed . Perhaps a d i s t i n c t i o n o f these t w o genera i s not v a l i d . 
2 . F o r the c h a r a c t e r i z a t i o n o f the species the qua l i t a t i ve features of the o rnamenta t ion of the p r o x ­
i m a l and d i s t a l faces and the s t r u c t u r e o f m u r i we re g i v e n . F o r the quant i ta t ive features o f the 
r a t i o s of exine th ickness (spore size and d i a m e t e r o f l u m i n a of r e t i c u l u m ) spore size are su i table 
(Table I . ) . 
3 . The spores of the Lycopodiaceae inves t iga ted by the authors are w o r l d w i d e d i s t r i b u t e d . Mos t of 
t hem also occur i n t empera t e , subt ropic and t r o p i c areas outside E u r o p e . A c c o r d i n g to I to (1978) 
"the f e rn f l o r a o f a c e r t a i n reg ion i s composed o f two groups of spec ies . One o f them has monole te 
(m) spores and the o ther has t r i l e t e (t) ones . T h e r a t i o o f the number of the f o r m e r species to the 
l a t t e r ( r a t i o m: t ) can be ca lcu la ted and value i s obtained i n the r e g i o n . The r a t i o s inc rease as the 
la t i tude i n c r e a s e s . " The spores o f Lycopodiaceae are t r i l e t e and the spores w i t h monolete ape r tu re 
occur on ly i n s m a l l number independently of geographica l l a t i tude i n m a x i m u m 1-2 % i n a spec imen . 
4 . The spores examined w e r e placed i n t h r ee m o r p h o l o g i c a l groups and five morpho types . L y c o p o ­
d i u m c l a v a t u m and some Diphas ium species belong to the morphotypes c l a v a t u m . The m u r i a re 
conspicuously w i n d i n g on the r e t i c u l u m of L . c l a v a t u m , i n the case of the o the r species they a re 
f a in t l y wind ing o r s t r a i g h t . 
5. F o r a c o m p a r i s o n o f the recent spores w i t h the fos s i l s the desc r ip t ions o f the d ispersed l y c o -
podiaceous spores f r o m the T e r t i a r y by K r u t z s c h (1963), f r o m the L o w e r Cretaceous by Juhász 
(1975) and the i l l u s t r a t i o n s i n the l a t t e r paper are avai lable (Plate V . ) . I t can be es tabl ished that 
the morphotypes and the types of o rnamenta t ion have only s l i g h t l y changed d u r i n g the evo lu t ion o f 
the lycopodiaceous f l o r a . 
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E X P L A N A T I O N OF P L A T E S 

Pla te I . 

1-3. Lycopod ium annot inum L . , 1 = p r o x i m a l face, 2 = op t i ca l v iew, 3 = d i s t a l face 
4 - 9 . Lycopod ium c l a v a t u m L . 4, 5 = p r o x i m a l face, 6, 7 = d i s t a l face, 8,9 = l a t e r a l v iew 

Plate I I . 

1-3. D iphas ium a lp inum R o t h m . 1 = p r o x i m a l face, 2 = op t i ca l v iew, 3 = d i s t a l face 

4 - 6 . D iphas ium complana tum ( L . ) R o t h m . 4 = p r o x i m a l face, 5 = opt ica l v iew, 6 = d i s t a l face 

Plate I I I . 

1-3. D iphas ium i s s l e r i (Rouy) J . H o l u b , 1 = p r o x i m a l face, 2 = opt ica l v iew, 3 = d i s t a l face 

4 - 6 . D iphas ium t r i s t a c h y u m (Pursh) R o t h m . 4 = p r o x i m a l face, 5 = op t ica l v i ew, 6 = d i s t a l face 

Plate I V . 

1-4. Lep ido t i s ce rnua ( L . ) 1,3 = p r o x i m a l face, 2 ,4 = d i s t a l face 
5- 9 . Lep ido t i s inundata ( L . ) C.Börner , 5 ,9 = p r o x i m a l face w i t h granulate o rnamenta t ion , 7 = o p ­

t i c a l v iew, 6, 8 = d i s t a l face. X 600 

Plate V . 

F o s s i l d ispersed lycopodiaceous spores f r o m Hungar ian A l b i a n rocks (100 m i l l i o n years o l d ) . 
1 ,2 . R e t i t r i l e t e s aus t roc lava t id i t e s (Cookson) D . K . M . S . 1963, (annotinum morphotype) 
3 . R e t i t r i l e t e s c lavato ides (Couper) D . K . M . S . 1963, (annot inum morphotype) 
5. Vadasz i spor i t e s u r k u t i c u s (Deák) Deák et Combaz 1967 
6 . Vadasz i spor i t e s saca l i Deák et Combaz 1967, (c lavatum morphotypes) 
7 , 8 . Camarozonospor i t e s in s ign i s N o r r i s 1967, (inundata morphotype) 
9 . Camarozonospor i t e s hammeni Van A m e r o m 1965, (cernua morphotype) 
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Map 4 . D i s t r i b u t i o n of D iphas ium complana tum 

Map 3 . D i s t r i b u t i o n of D i p h a s i u m a lp inum 



Map 5. D i s t r i b u t i o n of H u p e r z i a selago 

Map 6 . D i s t r i b u t i o n of Lep ido t i s inundata 



Tab le 1 . Data of the examined spores 

p r o x i m a l d i s t a l spore exine t h i c k - l u m i n a o f 
Species name amb face face s ize ness r e t i c u l u m 

spore size spore s ize 

Lycopod ium annot inum L . 1 7 5 3 rounded 
t r i a n g u l a r 

smooth r e t i cu l a t e 
41-46 

A i m 
0. 1-0.12 0 . 4 - 0 . 4 3 

Lycopod ium c l ava tum L .1753 s u b c i r c u l a r 
to c i r c u l a r 

r e t i cu l a t e r e t i cu l a t e 
37-40 
ma 0. 0 9 - 0 . 1 0 . 4 2 - 0 . 4 6 

D iphas ium a lp inum ( L . ) 
R o t h m . 1944 

s u b c i r c u l a r r e t i cu l a t e r e t i cu l a t e 
42-47 

A i m 
0 . 0 8 - 0 . 1 0 . 4 4 - 0 . 4 6 

D iphas ium complana tum ( L . ) 
R o t h m . 1944 

s u b c i r c u l a r r e t i cu l a t e r e t i c u l a t e 
35-37 
j u m 

0 1 0 - 0 . 1 1 0 . 1 4 - 0 . 1 6 

D iphas ium i s s l e r i (Rouy) 
J . Holub 1960 

s u b c i r c u l a r r e t i cu l a t e r e t i cu l a t e 
40-42 

A i m 
0 75 -0 .8 0 . 1 6 - 0 . 1 8 

Diphas ium t r i s t a c h y u m 
(Pursh) R o t h m . 1944 

c i r c u l a r r e t i cu l a t e r e t i cu l a t e 
42-45 

u r n 
0 20-0 .22 0 . 1 3 - 0 . 1 5 

Lep ido t i s ce rnua ( L . ) 
Beauv. 1804 

rounded 
t r i a n g u l a r 

smooth hamulate 
32-38 

A i m 
0 . 13 -0 .18 -

Lepido t i s inundata ( L . ) 
C . Börner 1912 

rounded 
t r i a n g u l a r 

s cabra te -
granula te 

hamulate 
62-66 
j u m 

0 . 1 2 - 0 . 0 4 -
Huperz i a selago ( L . ) B e r n h . 

ex Schrank & M a r t 1829 
hexagonal smooth foveolate 

40-46 
j u m 

0 . 0 8 - 0 . 0 9 -

Map 7. D i s t r i b u t i o n o f D i p h a s i u m t r i s t a c h y u m 














