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A b s t r a c t : T w o m e a s u r e s ( l e a f w i d t h / l e n g t h a n d the n e w one c a l l e d l e a f p a r t r a t i o , L P R ) 
a r e p r o p o s e d to c h a r a c t e r i z e the s h a p e of m o s s l e a v e s . T h e m e t h o d w a s t e s t e d on 33 
m o s s l e a v e s by m e a n s o f c l u s t e r a n a l y s i s . 

U s i n g v a r i o u s h a n d b o o k s a n d f l o r a s I often h a d p r o b l e m s w i t h the d e s c r i p t i o n s of l e a f s h a p e s . 
T h e t e r m s u s e d (e . g . " w i d e o v a t e " , " e l o n g a t e - l i n g u l a t e " , e t c . ) a r e v e r y s u b j e c t i v e . R e c e n t l y 
H i c k e y e l a b o r a t e d a n e x a c t s y s t e m to d e t e r m i n e d i c o t y l e d o n o u s l e a f s h a p e s . T h e s y s t e m c o n s i s t s of 
f i ve m a i n c a t e g o r i e s (oblong, e l l i p t i c , o v a t e , o b o v a t e a n d s p e c i a l s h a p e s ) , and of s u b - c a t e g o r i e s 
w i t h i n t h e s e m a i n o n e s , w h i c h d e p e n d of the l e a f l e n g t h / l e a f w i d t h r a t i o ( H i c k e y 1973). T h i s s y s t e m 
i s qu i t e a good one but s o m e w h a t c o m p l i c a t e d to u s e . A n o t h e r p r o b l e m i s tha t t h e r e i s n o c a t e ­
g o r y in t h i s s y s t e m f o r the d e e p l y a c u m i n a t e l e a v e s w h i c h a r e v e r y f r e q u e n t l y found in m o s s e s . 
F o r e x a m p l e the " w i d e l y c o r d a t e - t r i a n g u l a r " l e a f o f E u r h y n c h i u m s t r i a t u m ( P l a t e n . N o . 29) i s 
" w i d e o v a t e " o n l y by t h e s e c a t e g o r i e s . O f c o u r s e , t h e r e a r e o t h e r m e t h o d s to c h a r a c t e r i z e l e a f 
s h a p e s e . g . t h a t of K o p o n e n w h o u s e d the w i d t h o f l e a v e s in t h r e e p l a c e s (in the m i d d l e , in the 
u p p e r a n d l o w e r q u a r t e r of l e a f ) in h i s s t u d y ( K o p o n e n 1967). 

I p r o p o s e a n e w m e a s u r e to c o m p a r e l e a f s h a p e s in m o s s e s : 

1dm 

w h e r e L P R i s t h e n e w m e a s u r e ( L e a f P a r t R a t i o ) ; 1 i s the l e n g t h of the l e a f ; i s the d i s t a n c e 

b e t w e e n the l e a f b a s e and the l i n e w h e r e the w i d t h o f l e a f i s m a x i m u m ; ^dm2 * s * n e d i s t a n c e b e t ­
w e e n the l e a f b a s e a n d the l i n e w h e r e the w i d t h o f l e a f i s h a l f of the m a x i m u m w i d t h ( s e e F i g . 1 ) . 
T h e L P R i s s e n s i t i v e m a i n l y to the s h a p e o f the u p p e r h a l f of the l e a v e s a n d to the 
p o s i t i o n to t h e m a x i m u m w i d t h . I t i s n o t s e n s i t i v e to the r e l a t i v e w i d t h of the l e a v e s 
a t a l l , t h a t i s w h y i t c a n be u s e d t o g e t h e r w i t h the l e a f w i d t h / l e n g t h r a t i o . 

M E T H O D S 

T o t e s t the n e w m e t h o d I s e l e c t e d 33 d r a w i n g s o f l e a v e s of v a r i o u s m o s s s p e c i e s , 30 f r o m 
D i x o n (1924) a n d 3 f r o m O r b á n ( 1 9 7 4 ) . T h e s p e c i e s u s e d : A t r i c h u m c r i s p u m ( J a m . ) S u l l . e t L e s q . ; 
A t r i c h u m u n d u l a t u m ( H e d w . ) P . B e a u v . ; A t r i c h u m a n g u s t a t u m ( B r i d . ) B . S . G . ; P o g o n a t u m u r a i g e -
r u m ( H e d w . ) P . B e a u v . ; P o g o n a t u m a l o i d e s ( H e d w . ) P . B e a u v . ; T e t r a p h i s p e l l u c i d a H e d w . ; R h a b d o - 
w e i s i a c r e n u l a t a ( M i t t . ) J a m e s o n ; O r e o w e i s i a b r u n t o n i i ( S m . ) M i l d . ; R a c o m i t r i u m a c i c u l a r e ( H e d w . ) 



B r i d . ; G r i m m i a h o m o d y c t i o n D i x . ; H e d w i g l a c l l l a t a ( H e d w . ) P . B e a u v . ; P o t t i a h e i m i i ( H e d w . ) 
H a m p . ; P o t t i a v i r i d i f o l i a M i t t . ; P o t t i a a t a r c k e a n a ( H e d w . ) C . M u e l l . ; T o r t u l a e u n e i f o l l a ( W i t h . ) 
T u r n . ; D e s m a t o d o n c o n v o l u t u s ( B r i d . ) G r o u t . ; T o r t u l a l a e v i p i l a ( B r i d . ) S c h w a e g r . ; D i d y m o d o n t r i -
f a r i u B ( H e d w . ) R o e h l . ; E u c l a d i u m v e r t i c i l l a t u m ( B r i d . ) B . S . G . ; E n c a l y p t a s t r e p t o c a r p a H e d w . ; 
D i a l y t r i c h i a m u c r o n a t a ( B r i d . ) B r o t h . ; C i n c l i d o t u s f o n t i n a l o i d e s ( H e d w . ) P . B e a u v . ; U l o t a b r u c h i i 
H o m s c h . ; S p l a c h n u m w o r m s k i o l d i i H o r n . ; B a r t r a m i a s t r i c t a B r i d . ; M n i u m h o r n u m H e d w . ; O r t h o -

t h e e i u m r u f e s c e n s ( B r i d . ) B . S . G . ; P l a t y h y p n i d i u m  
r i p a r o i d e s ( H e d w . ) D i x . ; E u r h y n c h i u m s t r i a -
t u r a ( H e d w . ) S c h i m p . ; G r i m m i a a t r a t a H o r n s e n . ; 
P l a g i o m n i u m e l l i p t i c u m ( B r i d . ) K o p . ; R h i z o m n i u m  
p s e u d o p u n c t a t u m ( B . S . G . ) K o p . ; C i n c l i d i u m s t y -
g i u m S w . T h e n o m e n c l a t u r e i s tha t of the I n d e x 
M u s c o r u m ( W i j k e t a l . 1 9 5 9 - 1 9 6 9 ) a n d tha t o f K o p o ­
n e n ( 1 9 6 8 ) i n the M n i a c e a e . I m e a s u r e d the f o l l o ­
w i n g f i v e c h a r a c t e r s : 1 . the l e n g t h of the l e a f " i " ; 
2 . the d i s t a n c e f r o m the l e a f b a s e to the l ine 
w h e r e i t s w i d t h i s r e d u c e d to the h a l f o f i t s 
m a x i m u m "ldm2"> 3 > t n e d i s t a n c e f r o m the 
i e a f b a s e to the l i n e w h e r e i t s w i d t h i s m a x i ­
m u m " 1 j _ . " ; 4 . the m a x i m u m w i d t h of the l e a f 
" d m " ; 5 . the w i d t h o f the l e a f b a s e "db" ( F i g . 
1 , P l a t e I - I I ) . T o g e t e x a c t g r o u p s of the l e a v e s 
I u s e d a v e r a g e l i n k a g e c l u s t e r a n a l y s i s ( W P G M A ) , 
f o r the s i m i l a r i t y m a t r i x H u m m o n ' s " s h a r e d 
s p e c i e s d i v e r s i t y " f u n c t i o n w a s u s e d (Snea th a n d 
S o k a l 1 9 7 3 , H u m m o n 1 9 7 4 ) . F o r the a n a l y s i s 
c h a r a c t e r s 1 - 5 w e r e s t a n d a r d i z e d , a n d f o u r r a ­
t i o s w e r e c a l c u l a t e d a s c h a r a c t e r s 6 - 9 ; 6 . 1 0 0 x 
d m / 1 ; 7 . 10 x L P R ; 8 . 100 x < 1

d m 2 - l d m ) / U 9 . 
1 0 0 x K / 1 . ' d m ' 

F i g . 1 . M e a s u r e m e n t o f l e a f c h a r a c t e r s 

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

T h e d e n d r o g r a m on F i g . 2 . s h o w s the r e s u l t o f c l u s t e r a n a l y s i s . I t g i v e s 13 s u b - a n d 4 m a i n 
c a t e g o r i e s w h o s e o u t l i n e s c a n be e a s i l y d r a w n b y m e a n s o f the two p r o p o s e d m e a s u r e s . In g r o u p I 
w e c a n f ind the l a n c e o l a t e l e a v e s ( 0 . l < d m / l < 0 . 3 2 a n d 0 . 0 5 < L P R < 0 . 8 ) . G r o u p I I c o n t a i n s the one 
w i d e l y t r i a n g u l a r l e a f ( d m / l = 0 . 7 8 , L P R = 0 . 1 7 ) . I n g r o u p H I t h e r e a r e the o v a t e a n d e l l i p t i c l e a v e s 
( 0 . 2 < d m / l < 0 . 8 a n d 0 . 5 < L P R < 6 ) a n d i n g r o u p I V t h e r e a r e the o b o v a t e l e a v e s ( 1 0 < L P R ) . F o r d e t a i l s 
s e e T a b l e 2 . On the p l o t ( F * g . 3) the g r o u p s c a n b e r e c o g n i z e d m o r e e a s i l y b e c a u s e of the l o g a ­
r i t h m i c t r a n s f o r m a t i o n o f L P R . 

T h e n e w m e a s u r e m e a s u r e s e e m s to be v e r y u s e f u l i n n u m e r i c a l s t u d i e s w h e n a c o m p a r i s o n 
of v a r i o u s l e a f s h a p e s i s w a n t e d . 

I w i s h to e x p r e s s m y g r a t i t u d e to D r . L . H a j d u f o r r e a d i n g a n d c r i t i c i z i n g the m a n u s c r i p t 
and to M i s s M . H a n g y a f o r d r a w i n g the f i g u r e s . 

P l a t e I - I I : T h e l e a v e s m e a s u r e d ( for n u m b e r s s e e T a b l e 1) 
N u m b e r s 1 - 2 0 w e r e r e d r a w n f r o m D i x o n e t a l (1924) a n d 
N u m b e r s 3 1 - 3 3 f r o m O r b á n ( 1 9 7 4 ) . 



T a b l e 1. T h e c h a r a c t e r s m e a s u r e d ( for a b b r e v a t i o n s s e e F i g . 1) (in m m ) 

N o . S p e c i e s 1 l d m 2 l d m d m db 

1 A t r i c h u m c r i s p u r n 73 64 3 6 30 12 
2 A t r i c h u m u n d u l a t u m 4 8 41 23 13 7 
3 A t r i c h u m a n g u s t a t u m 62 54 6 13 1 2 

4 P o g o n a t u m u r n i g e r u m 80 46 5 1 9 1 6 

5 P o g o n a t u m a l o i d e s 72 52 8 22 1 9 
6 T e t r a p h i s p e l l u c i d a 1 9 . 6 1 6 9 1 0 . 5 5 
7 R h a b d o w e i s l a c r e n u l a t a 41 38 14 8 5 
8 O r e o w e i s i a b r u n t o n i i 4 0 1 7 2 6 . 2 5 . 5 
9 R a c o m i t r i u m a c i c u l a r e 32 2 5 . 5 8 1 5 1 2 

10 G r i m m i a h o r n o d y c t t o n 4 1 . 5 1 9 6 . 5 9 . 5 5 . 5 
11 H e d w i g l a c i l i a t a 30 19 5 . 5 11 9 
12 P o t t i a h e i m i i 55 4 6 29 14 8 . 5 
13 P o t t i a v i r i d i f o l i a 32 30 2 2 . 6 1 3 . 5 8 
14 P o t t i a s t a r c k e a n a 1 7 . 5 1 3 . 7 7 . 2 8 . 5 5 
1 5 T o r t u l a c u n e i f o l i a 2 9 . 2 2 5 . 5 1 6 1 7 6 . 5 
16 D e s m a t o d o n c o n v o l u t u s 3 3 . 7 3 2 . 2 1 9 . 5 8 . 5 6 . 5 
1 7 T o r t u l a l a e v i p i l a 4 5 . 5 4 3 . 2 32 1 8 . 5 1 1 . 5 
18 D i d y m o d o n t r i f a r i u s 22 1 3 . 5 5 9 . 2 6 . 5 
19 E u c l a d i u m v e r t i c i l l a t u m 2 9 1 0 . 5 4 5 . 5 3 
20 E n c a l y p t a s t r e p t o c a r p a 88 80 41 22 1 2 
21 D i a l y t r i c h i a m u c r o n a t a 4 4 4 0 . 5 10 1 4 . 5 1 1 . 5 
22 C i n c l i d o t u s f o n t i n a l o i d e s 53 4 7 2 0 . 5 1 9 11 
23 U l o t a b r u c h i i 4 5 1 7 . 3 4 . 5 9 7 
24 S p l a c h n u m w o r m s k i o l d i i 3 8 . 5 26 1 2 . 5 16 9 . 5 
25 B a r t r a m i a e t r i c t a 53 21 1 . 6 10 9 . 5 
26 M n i u m h o r n u m 72 62 33 1 9 10 
2 7 O r t h o t h e c i u m r u f e B c e n s 53 32 3 . 8 11 1 0 
28 P l a t y h y p n i d i u m r i p a r o i d e s 34 28 1 1 . 4 1 7 6 
29 E u r h y n c h i u m s t r i a t u m 3 6 1 5 . 5 3 . 4 28 23 
30 G r i m m i a a t r a t a 34 2 5 . 5 4 . 4 8 6 . 5 
31 P l a g i o m n i u m e l l l p t i c u m 38 32 1 5 23 9 
32 P h i z o m n i u m p s e u d o p u n c t a t u m 50 4 5 28 35 4 
33 C i n c l i d i u m s t y g i u m 55 4 5 30 38 11 

1 



T a b l e 2 . T h e g r o u p s f o r m e d b y c l u s t e r a n a l y s i s w i t h the v a l u e s o f the two p r o p o s e d m e a s u r e s 

d m 
L i m i t s o f 

G r o u p L P R 
d m 

R e m a r k s G r o u p L P R 
1 

L P R 
d m 

1 

R e m a r k s 

2 5 
8 

0 . 0 5 
0 . 0 9 

0 , 1 9 

0 . 1 6 
0 . 0 - 0 . 1 0 . 1 5 - 0 . 2 N a r r o w l y t r i a n g u l a r 

4 

27 

0 . 1 5 
0 . 1 8 

0 . 2 4 
0 . 2 1 

0 . 1 5 - 0 . 2 0 . 2 - 0 . 2 5 L a n c e o l a t e 

23 0 . 1 6 0 . 2 0 
I 1 9 

10 

0 . 2 2 

0 . 2 9 

0 . 1 P 

0 . 2 3 
0 . 1 5 - 0 . 3 0 . 2 - 0 . 2 5 L a n c e o l a t e 

5 
30 

0 . 4 0 
0 . 5 2 

0 . 3 1 

0 . 2 4 
0 . 4 - 0 . 5 0 . 2 - 0 . 3 L i n e a r l a n c e o l a t e 

3 0 . 7 5 0 . 2 1 O b l o n g l a n c e o l a t e 

I I 29 0 . 1 7 0 . 7 8 W i d e l y t r i a n g u l a r 

11 0 . 5 0 0 . 3 7 

18 
24 

9 

0 . 5 9 
1 . 0 0 
1 . 2 3 

0 . 4 2 
0 . 4 2 
0 . 4 7 

0 . 5 - 1 . 3 0 . 3 5 - 0 . 5 N a r r o w ova te 

21 2 . 8 6 0 . 3 3 B r o a d l y U n g u l a t e 

1 4 1 . 8 9 0 . 4 9 
28 

6 
1 . 9 0 
2 . 5 0 

0 . 5 0 
0 . 5 4 

1 . 8 - 2 . 5 0 . 5 - 0 . 6 E l l i p t i c 

31 2 . 5 0 0 . 6 1 
i n 

33 3 . 0 0 0 . 6 9 
1 5 4 . 3 2 0 . 5 8 3 . 0 - 6 . 0 0 . 6 - 0 . 7 W i d e e l l i p t i c 
32 5 . 6 0 0 . 7 0 

12 3 . 2 2 0 . 2 5 
2 3 . 2 9 0 . 2 7 

26 3 . 3 0 0 . 2 6 3 . 0 - 6 . 0 0 . 2 5 - 0 . 4 N a r r o w e l l i p t i c 
22 3 . 4 2 0 . 3 6 

1 4 . 0 0 0 . 4 1 
20 5 . 1 3 0 . 2 5 

7 4 . 6 7 0 . 2 0 L i n g u l a t e 

13 1 1 . 3 0 0 . 4 2 
I V 1 6 

1 7 
1 3 . 0 0 
1 3 . 9 0 

0 . 2 5 
0 . 4 1 

1 1 . 0 - 1 4 . 0 0 , 2 5 - 0 . 4 5 O b ova te 
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F i g . 2 . D e n d r o g r a m s h o w i n g r e l a t i o n s h i p s o f the l e a f s h a p e s . A - l i n e : S + ( S - S )/4 
m i n m a x m i n ' 

B - l i n e : S . + ( S - S )/2 
m i n m a x m m 



F i g . 3 . P l o t s h o w i n g the r e l a t i o n s h i p of d m / l to l g ( L P R ) . ( d a s h e d l i n e s : g r o u p s f o r m e d b y c l u s t e r 
a n a l y s i s u n d e r l i n e A ; s o l i d l i n e s : g r o u p s f o r m e d b y c l u s t e r a n a l y s i s u n d e r l i n e B ) 
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