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Seed dispersal, germination and seedling growth of 

six helophyte species in relation to water-level 
zonation
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S U M M A R Y

1. S e e d  d is p e r s a l ,  g e r m in a t io n ,  a n d  s e e d l in g  g r o w th  c h a ra c te r is t ic s  o f  s ix  h e lo p h y te  

s p e c ie s ,  Iris pseudacorus, Phalaris a rund inacea , P h ragm ites  austra lis , Typha angu stifo lia , T. 

latifolia  a n d  S c irp u s  lacustr is ,  w e r e  in v e s t ig a te d  in  r e la t io n  to  th e i r  w a te r - le v e l  z o n a t io n .

2. T h e  e x p e r im e n ts  d e m o n s t r a t e d  a  la rg e  v a r ia t io n  in  th e s e  c h a ra c te r is t ic s  b e tw e e n  th e  

s p e c ie s .

3. P r o p a g u le  f lo a t in g  c a p a c i t ie s  r a n g e  f ro m  <  1 h  (S. lacustris)  to  >  1000 h  

( I  pseudacorus).

4. S e e d  g e r m in a t io n  in  a  w a te r - le v e l  g r a d ie n t  r e v e a le d  tw o  g r o u p s  w i th  r e s p e c t  to  

g e r m in a t io n  p e r c e n ta g e  -  e x p o s e d  s o i l  s p e c ie s  (L pseudacorus, Phalaris arund inacea , 

P h ra g m ite s  austra lis)  a n d  s u b m e r g e d  s o il  s p e c ie s  (T. angustifo lia , T. latifolia).

5. T h e r e  w e r e  tw o  c o n t r a s t in g  ty p e s  o f  s e e d l in g  g r o w th  r e s p o n s e  to  s u b m e r g e n c e  a n d  

e x p o s u re :  o n e  g r o u p  o f  s p e c ie s  f o r m e d  lo n g e s t  le a v e s  u n d e r  e x p o s e d  c o n d i t io n s  (Phalaris  

a ru n d in a cea , P h ragm ites  a u s tra lis , L pseudacorus), a n d  th e  o th e r  u n d e r  s u b m e r g e d  

c o n d i t io n s  (S. la cu s tr is , T. latifo lia , T. angustifo lia ).

6. T h e  r e s u l t s  s u g g e s t  t h a t  e a r ly  l i f e -h is to ry  c h a ra c te r is t ic s  o f  th e  s p e c ie s  r e la te  to  th e i r  

lo c a t io n s  in  th e  r i p a r i a n  z o n a t io n :  Phalaris arund inacea  a n d  Iris  pseudacorus  a t  th e  h ig h e r  

e n d ,  P h ra g m ite s  austra lis  i n te r m e d ia te ,  a n d  Typha  s p p .  a n d  S c irp u s  lacustris  a t  th e  lo w e r  

e n d .  S p e c ie s  o c c u r r in g  a t  lo w e r  lo c a t io n s  s h o w  a d a p ta t io n s  to  (p e r io d ic a l)  f lo o d in g  o f  

th e  s o il  ( s u b m e r s e d  g e r m in a t io n  a n d  g ro w th ) ,  w h i le  th o s e  f ro m  h ig h e r  lo c a t io n s  r e q u i r e  

p r o lo n g e d  e x p o s e d  s o i l  c o n d i t io n s  to  g e r m in a te  a n d  to  s u r v iv e  th e  e s ta b l i s h m e n t  s ta g e .

Introduction

R e g e n e ra tio n  a n d  e s ta b l is h m e n t  p a t te r n s  o f  e m e rg e n t 

m a c ro p h y te  sp e c ie s  d e p e n d  o n  h y d ro lo g ic a l  c o n d i 

t io n s . C h a ra c te r is t ic s  r e la te d  to  se e d  d is p e r s a l ,  s e e d  

b a n k  fo rm a tio n , g e rm in a t io n  a n d  s e e d lin g  s u rv iv a l  

d e te rm in e  th e  su c c e ss  o f  e s ta b lis h m e n t o f sp e c ie s  

(H a rp e r , 1977). D iffe re n c e s  b e tw e e n  sp e c ie s  c o n c e rn in g  

th e s e  e a r ly  l ife -h is to ry  c o m p o n e n ts  m a y  c o n tr ib u te  to  

th e  z o n a t io n  o f h e lo p h y te  v e g e ta t io n  o v e r  th e  w a te r  

d e p th  g r a d ie n t  a lo n g  w a te r  b o d ie s  (P a rk e r  & L eek , 

1985; G a lin a  to  &  V an d e r  V alk , 1986).

H y d ro c h o ry  ( t r a n s p o r t  o f  s e e d s  b y  f lo a tin g  o n  w a te r)  

a p p e a rs  to  b e  th e  p r im a ry  m o d e  o f  d is p e rs a l in  h e lo -  

p h y te s  (V an  d e r  P ijl, 1982; S k o g lu n d , 1990; G re ls so n  

& N ils so n , 1991). G e rm in a tio n  a n d  s e e d lin g  s u rv iv a l  

a re  th e  n e x t  's ie v e s ' in  th e  life h is to ry  of p la n ts  th ro u g h  

w h ic h  h y d ro lo g y  m ig h t  p la y  a  s tru c tu r in g  ro le  in  th e  

d e v e lo p m e n t o f  v e g e ta tio n  z o n a tio n  (K e d d y  & E llis, 

1985; M o o re  K ed d y , 1988),

In  o u r  o n g o in g  s tu d y  o f h y d ro lo g ic a l fac to rs  th a t  

d e te rm in e  th e  r ip a r ia n  z o n a tio n  o f  h e lo p h y te s , se v e ra l

©  1995 B lackw ell Science L td 13



14 H. Coops and G. van der Velde

F ig . 1 S c h e m a t ic  m o d e l  o f  l i f e  h i s t o r y  

s t a g e s  o f  h e l o p h y t e s  o n  s h o r e l in e s -  T h e  

s t a g e s  c o n s id e r e d  i n  t h i s  a r t i c l e  h a v e  

b e e n  s h a d e d .  D e t e r m i n i n g  f a c to r s :  I, 

w a t e r  le v e l ;  s, s o i l  ty p e ;  w, w a v e  a c t io n ;  

/*, h e r b iv o r y .

stages of the life history of species are being  co n sid ered  

(Fig, 1). For the  p resen t paper, w e in vestig a ted  v a ri 

a tion  in hydrochorous d ispersa l capacity, g e rm in a tio n  

an d  seed ling  g row th  for six he lophy te  species. T he 

species s tud ied  are com m on a long  large, e u tro p h ic  

w aters in  the sou th -w estern  p a r t  of the  N e th e rlan d s . 

They occur in  the littoral vegeta tion  a lo n g  fo rm erly  

estuarine freshw ater areas: Iris pseudacorus L. a n d  

Phalaris arundinacea L,, w h ich  occur in  h ig h e r locations; 

Phragmites australis (Cav.) Trin. ex S teudel, w h ic h  

show s a  w id e  range of occurrence in  the  zonatio n ; 

and  Scirpus lacustris L., Typha angustifolia L. a n d  Typha 

latifolia L. from  the low er p a rts  of em ergen t v eg e ta tio n .

M a te r ia ls  a n d  m e th o d s

Study material

C om parative experim ents w ere  set u p  u s in g  seed  

m aterial from  river ban k  s tan d s  of I. pseudacorus, 

Phalaris arundinacea, Phragmites australis, S. lacustris, T. 

angustifolia an d  T. latifolia.

Ripe p ropagu les w ere collected, an d  s to red  u n d e r  

d ry  conditions for a m ax im um  of 6 m o n th s  a t a 

tem pera tu re  of 4 °C. In the follow ing, the  te rm  's e e d ' 

refers to the d ispersal u n it of th e  p lan t, a  p ro p a g u le  

contain ing  a single em bryo, t e r m in a t io n ' w a s  d e fin e d  

as the first appearance of th e  hypocotyl.

The origins of seed sam ples of each species a re  

p resen ted  in  Table 1; p ro p ag u le  type , in d iv id u a l p ro p a 

g u le  w eigh t (th irty  seeds p e r  species) an d  p ro d u c tio n  

of p ropagu les per p lan t (th irty  flow ering  p la n ts  o f

each species) w ere d e te rm in ed  for the p o p u la tio n s  

sam pled.

B u o ya n cy  o f  seeds

In  S e p te m b e r -N o v e m b e r  1990, tw o  b a tc h e s  o f  100 d r y  

se e d s  fo r  e a c h  sp e c ie s  w e re  re le a s e d  o n  th e  w a te r  

su rfa c e  o f  s e p a ra te  30 X  20 X  2 0 -cm  p o ly th e n e  c o n 

ta in e rs  h a lf  f ille d  w i th  ta p -w a te r . T h e  s e e d s  w e re  k e p t  

f lo a tin g  f re e ly  b y  m e a n s  o f a  c o n t in u o u s  f lo w  o f  a ir  

a t th e  w a te r  s u r fa c e  f ro m  a r u b b e r  tu b e  a t ta c h e d  to  

th e  s id e s  o f  th e  c o n ta in e rs .  C o u n ts  w e re  m a d e  o v e r  a 

p e r io d  o f 6 w e e k s  o f  th e  n u m b e r  o f  s e e d s  th a t  h a d  

su n k . P e r io d s  a f te r  w h ic h  50%  a n d  90%  o f  th e  s e e d s  

h a d  s u n k  (F t50 a n d  F t9o) w e re  d e te rm in e d ,

In  a n  a d d i t io n a l  te s t, th e  s e e d  c o a ts  o f  th re e  s e e d s  

o f  I. pseudacorus  w e re  r e m o v e d  p r io r  to  re le a se . S e e d s  

th a t  g e r m in a te d  d u r in g  th e  e x p e r im e n t  w e re  re c o rd e d .

G e rm in a tio n  o f  seeds

D ry  s e e d s  w e re  t r e a te d  w i th  a d d e d  ta p - w a te r  in  

d a rk e n e d  b o t t le s  in  a  c o ld  ro o m  (4 °C) fo r  2 m o n th s  

p r io r  to  th e  e x p e r im e n t ,  a s  e a r l ie r  te s ts  s h o w e d  th a t  

s u c h  a  p r o c e d u r e  w a s  n e c e s s a ry  to  o b ta in  g e rm in a b le  

se e d s . P e tr i  d is h e s  (d ia m e te r  9.5 cm ) w e re  f ille d  w i th  

f in e -g ra in e d  s a n d  (o rg a n ic  m a t te r  c o n te n t  <  0.1% ). In  

e a c h  o f  th re e  d is h e s  p e r  sp e c ie s , 100 s e e d s  w e re  p u s h e d  

to  a  d e p th  o f  a b o u t  1 m m  in to  th e  so il (fo r I. pseudacorus  

tw e n ty - f iv e  s e e d s  w e re  u s e d  p e r  P e tr i  d is h ) . T h e  d is h e s  

w e re  p la c e d  a t  r a n d o m  in  40 X  30 X  1 0 -cm  p o ly th e n e  

tra y s  u n d e r  th re e  d if fe re n t  m o is tu r e  c o n d it io n s :  (a) 

m o is t, n o  s ta n d in g  w a te r  b u t  s p r a y e d  w i th  ta p - w a te r  

d a ily  (so il m o is tu r e  c o n te n t  c. 3%); (b) s a tu r a te d ,  w a te r  

le v e l a t  so il s u r fa c e  ( ±  1 m m ; so il m o is tu r e  c o n te n t  

c. 18% ); a n d  (c) f lo o d e d , w a te r  le v e l 5 c m  a b o v e  so il 

su rfa c e .

© 1995 B lackw ell Science L td , Freshwater Biology; 34, 13-20
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T a b le  1 O r ig in s  a n d  c h a r a c t e r i s t i c s  o f  t h e  s e e d s  o f  h e l o p h y te s  u s e d  in  t h e  e x p e r im e n ts

Typha angustifolia 5 1 r 4 6 #N  4 ° 4 8 'E

Typha latifolia 5 1 ° 4 8 'N  4 ° 4 6 'E

Phragm ites australis  5 1 Q4 4 'N  4 ° 3 9 'E

Phalaris arundinacea  5 1 ° 4 4 'N  4 ° 3 9 'E

Scirpus lacustris 5 1 ° 5 1 'N  4 ° 5 2 'E

Iris pseudacorus 5 1 ° 4 5 'N  4 ° 5 l 'E

S ta lk e d  c a p s u le  w i t h  long , h a i r s ,  r e le a s e d  

O c t o b e r / w i n t e r  a n d  b o r n e  b y  a i r  

a n d / o r  w a te r

S ta lk e d  c a p s u le  w i t h  lo n g  h a i r s ,  r e le a s e d  

O c to b e r  / w i n t e r  a n d  b o r n e  b y  a i r  

a n d / o r  w a t e r

P lu m e d  f r u i t  i n c l u d i n g  l e m m a  a n d

p a l e a ,  r e l e a s e d  in  w i n t e r  a n d  b o r n e  b y

a i r  a n d / o r  w a t e r

S h o r t  b r i s t l e d  f r u i t ,  r e l e a s e d  J u l y /

A u g u s t  b y  f a l l in g  d o w n

H a r d  c o a te d  ±  t r i a n g u l a r  f r u i t ,  r e le a s e d

A u g u s t / S e p t e m b e r  b y  f a l l in g  o n  th e

w a t e r  s u r f a c e ,  z o o c h o r y  p r o b a b le

H a r d  c o a te d  s e e d ,  r e l e a s e d  S e p te m b e r

b y  f a l l in g  o n  th e  w a t e r  s u r f a c e

0 .0 2 7  ±  0 .0 0 8

0 .0 8 8  ±  0 .0 1 5

0 .16  ±  0 .02

0 .3 2  ±  0 .0 7

1.63 ±  0 .13

1 22 .43  ±  3 1 .2 0

I n d i v i d u a l N u m b e r  o f

p r o p a g u l e p r o p a g u le s

w e ig h t p r o d u c e d

(m g ) p e r  f lo w e r in g  s h o o t

T y p e  o f  p r o p a g u l e  a n d  u s u a l  d i s p e r s a l ( m e a n  ±  S D , ( m e a n  ±  S D ,

S p e c ie s O r i g in m o d e n  =  30) n =  30)

(1.6 ± 0.6).105

(3 .5  ±  0 .8 ).1 0 5

1509  ±  933

3 9 3  ±  120

4 1 2  ±  120

4 7  ± 1 5

T h e  tr a y s  w e re  c o v e re d  w i th  t r a n s p a r e n t  fo il to  

p r e v e n t  e v a p o ra t io n ,  a n d  p la c e d  in  a c lim a te  c h a m b e r  

a t  2 0 -2 5  °C , w ith  a p h o to p e r io d  o f  1 2 L : 12D. L ig h t 

w a s  p r o v id e d  b y  P h i l ip s  T L D  18 W /3 3  tu b e s  s i tu a te d  

100 c m  a b o v e  th e  so il  su rfa c e , p r o d u c in g  4 0 -5 0  |xE 

m “2 s" 1 (PA R) a t so il lev e l.

G e rm in a te d  s e e d s  w e re  c o u n te d  d a i ly  fo r 6 w e e k s . 

T h e  p e r io d  a f te r  w h ic h  50%  o f  th e  f in a l n u m b e r  o f  

g e r m in a te d  s e e d s  h a d  g e rm in a te d  (G t50) w a s  d e te r 

m in e d , a s  w e ll  a s  th e  f in a l p r o p o r t io n  o f  g e rm in a te d  

se e d s .

S eed lin g  g r o w th  in  re la tion  to  f lo o d in g

O n e -w e e k -o ld  s e e d l in g s  r a is e d  f ro m  s e e d s  in c u b a te d  

o n  tra y s  f ille d  w ith  g a r d e n  p o n d  so il w e re  p la n te d  

in d iv id u a l ly  in  6 X  6 X  5 -cm  P V C  p o ts .  T h e  fo llo w in g  

t r e a tm e n ts  w e re  a p p lie d :  (i) p e r m a n e n t ly  f lo o d e d  fo r 

6 w e e k s ; (ii) 5 w e e k s  f lo o d e d , fo l lo w e d  b y  1 w e e k  

d r a in e d ;  (iii) 5 w e e k s  d r a in e d ,  fo l lo w e d  b y  1 w e e k  

f lo o d e d ; (iv) p e r m a n e n t ly  d r a in e d  fo r  6 w e e k s . S ix teen  

p o ts  p e r  sp e c ie s  p e r  t r e a tm e n t  w e re  r a n d o m ly  p la c e d  

in  c o n ta in e r s  in  b lo c k s  o f  fo u r. L ig h t  a n d  te m p e ra tu re  

c o n d it io n s  w e re  s im ila r  to  th o s e  in  th e  p r e v io u s  e x p e r i 

m e n t. T h e  c o n ta in e rs  c o u ld  b e  e i th e r  f lo o d e d  (10 cm  

o f w a te r  a b o v e  th e  so il lev e l)  o r  d r a in e d  (w a te r  le v e l 

ju s t  b e lo w  so il su rfa c e ) .

T h e  le n g th  o f  th e  p la n t  f ro m  th e  s h o o t b a se  to  th e  

tip  o f  th e  lo n g e s t  le a f  w a s  m e a s u re d  a t th e  e n d  o f th e  

e x p e r im e n t  a f te r  6 w e e k s  o f  g ro w th . A ll p la n ts  w e re  

h a r v e s te d  a n d  d r y  w e ig h t  b io m a sse s  o f a b o v e -g ro u n d  

a n d  b e lo w -g ro u n d  p a r ts  w e re  d e te rm in e d  a f te r  d ry in g  

fo r 24 h  a t  105 °C .

S ta tis t ica l trea tm en t

D iffe re n c e s  b e tw e e n  sp e c ie s  in  F t50, F t90/ g e rm in a tio n  

p e rc e n ta g e , G t50, f in a l s h o o t  le n g th  a n d  a b o v e -g ro u n d  

s e e d lin g  b io m a s s  w e re  a n a ly s e d  w ith  A N O V A . N o  

s ig n if ic a n t b lo c k  e ffec ts  w e re  re v e a le d  in  th e  s e e d lin g  

g ro w th  e x p e r im e n t, w h e re a f te r  th e y  w e re  n e g le c te d  

in  th e  c o m p u ta t io n s . A n  a n g u la r  t r a n s fo rm a tio n  w a s  

c a r r ie d  o u t  fo r p r o p o r t io n  v a lu e s . L eas t s ig n if ic a n t 

d if fe re n c e s  (a t P  <  0.05) w e re  d e te rm in e d  fo r c o n tra s ts  

b e tw e e n  m e a n  v a lu e s .

Results

I n d iv id u a l  p r o p a g u le  w e ig h ts  a n d  th e  n u m b e rs  o f 

s e e d s  p r o d u c e d  p e r  f lo w e r in g  s h o o t o f  th e  six  sp ec ie s  

a re  s h o w n  in  T ab le  1.

B u o y a n c y  o f  seeds

M o s t o f  th e  s e e d s  o f  S. lacustris f lo a te d  fo r  le ss  th a n  

a n  h o u r . T h e  p ro p a g u le s  o f  Phragm ites australis , Phalaris
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T a b le  2 F lo a tin g  p e r io d s  fo r 50%  (Ftsu) anc* 907« (Ftyo/ of 

b a tc h e s  o f  100 s e e d s  re le a se d  o n  th e  w a te r  su rface . M e a n s  a n d  

SD  a re  sh o w n ; s ig n if ic a n t d iffe re n c e s  a re  in d ic a te d  b y  d if fe re n t

symbols _______________ -

Ftgo (h)

16 H. Coops and G. van der Velde

S p ec ies

Scirpus lacustris 

Typha angustifolia 

Phahiris arundinacea 

Phragmites ou straits 

Typha lati/olia 

iris pseudacorus

Ft50 (h)

0.5 ±  0.3a

10.9 ±  6.2a

19.9 ±  11.4a

40.9 ±  16.6b 

55.2 t  2 .1b 

>1000

1.1 ± 0.6a 

27.6 ±  9.9b

38.3 ±  8.8b 

65.0 ±  13.2C

81.4 ±  19.3C 

>1000
mjm

c o n d itio n s  o ffe red . S e e d s  o f I. pseudacorus  g e rm in a te d  

ex c lu s iv e ly  o n  d r a in e d  s o i l

T h e  e ffec t o f  m o is tu re  o n  G t50 w a s  n o n -s ig n if ic a n t ,  

im p ly in g  n e i th e r  d e la y  n o r  a c c e le ra t io n  o f  g e r m in a t io n  

w ith in  th e  r a n g e  o f tre a tm e n ts . T h e re  w e re , h o w e v e r ,  

s ig n if ic an t d if fe re n c e s  b e tw e e n  th e  sp e c ie s : T. a n g u s ti- 

folia  a n d  T. latifolia g e rm in a te d  r a p id ly  (a v e ra g e  G t50 4 .4  

a n d  5.6 d a y s , re sp e c tiv e ly ) , w h ile  P hragm ites austra lis , 

Scirpus lacustris a n d  Phalaris arundinacea  g e r m in a te d  

re la tiv e ly  s lo w ly  (a v e ra g e  G t50 10.4, 12.4, a n d  15.3 

d ay s , re sp e c tiv e ly ) .

arundinacea an d  Typha spp . floated  for 1 or a few  days. Seedling  g ro w th  

Typha seeds floated as long  as the  long  h a irs  lifted  the

p e rica rp  above the  w ate r surface; once w e tted , seed s C lear d iffe re n c e s  in  th e  c a p a c itie s  o f  th e  v a r io u s  sp e c ie s

w ere  re leased  from  the capsu les an d  sank  soon  after. to  c o n tin u e  g ro w th  w h e th e r  th e  s e d im e n t  w a s  f lo o d e d

N o  seeds of L pseudacorus san k  d u rin g  th e  experim en t, o r  d ra in e d  w e re  d e m o n s t r a te d  b y  th e  d e v e lo p m e n t  o f

o w in g  to  their h a rd  seed coat an d  gas space inside . sh o o t le n g th  in  th e  f lo o d in g  t r e a tm e n ts  (F ig . 3). L e a f

W h en  seed  coats w ere rem oved , the  seeds san k  a lm ost e x te n s io n  in  S. lacustris  a n d  Typha  s p p . w a s  v e ry  r a p id

im m ediately . in  s u b m e rg e d  c o n d it io n s . T h e  lo n g  s u b m e r g e d  le a v e s ,

Before a p p ly in g  ANOVA, the  resu lts  o n  th e  buoy- w h ic h  w e re  v e ry  f ra g ile  a n d  b e c a m e  d e s ic c a te d  w h e n

an cy  of I. pseudacorus seeds w ere  excluded  b ecau se  n o  ex p o sed , d id  n o t  s u rv iv e  d ra in a g e . O n  e x p o s e d , m o is t

seed s w ere  fo u n d  to sink. The differences in  floating  so il th e  s e e d lin g s  p r o d u c e d  e re c t, s lo w ly  g r o w in g

capacity  b e tw een  the rem ain ing  species w ere  signific- ae ria l sh o o ts  w h ic h  w e re  a b s e n t  f ro m  s u b m e r g e d  

a n t for F t5Q (F =  22.772, P <  0.01) an d  Ft90 (F -  4.899,

P <  0.05). C on trasts be tw een  m eans revealed  th a t

p la n ts . S. lacustris  s e e d lin g s  th a t  w e re  d r a in e d  a f te r  a 

p e r io d  o f s u b m e rg e n c e  b e c a m e  d e s ic c a te d . N o  n e t  

Phragmites australis an d  T. latifolia h ad  re la tively  h ig h  in c rease  in  le n g th  o f  s e e d lin g s  o f  Phalaris arundinacea  

Ftso and  Ft90 va lues, an d  T. angustifolia, Phalaris arundin- a n d  Phragm ites australis  o c c u r re d  u n d e r  s u b m e r g e d

c o n d itio n s ; g ro w th  s to p p e d  d u r in g  f lo o d in g  a n d  

re s ta r te d  a f te r  d ra in a g e . S u b m e rs e d  g r o w th  o f  /.

acea an d  S. lacustris d em o n stra ted  brief b u o y an cy  

(Table 2).

Seeds d id  n o t germ inate  d u rin g  the  experim en t, pseudacorus s e e d lin g s  w a s  p o o r , b u t  th e s e  s e e d l in g s  

n e ith e r w h ile  floating no r after sink ing  to  th e  b o tto m  a lso  re g a in e d  th e ir  e m e rs e d  g r o w th  r a te  w h e n  th e  

of the  container, w ith  the exception  of 1. pseudacorus p la n ts  w e re  d r a in e d .

seed s  from  w hich  the seed  coat h a d  b een  rem oved . 

T he la tte r g ro u p  germ inated  w ith in  7 days.

Germination experiment

T he fin a l b io m a s s e s  d if fe re d  b e tw e e n  th e  f lo o d e d  

a n d  th e  d r a in e d  so il  c o n d it io n s . In  T. angustifo lia  

th e  a b o v e -g ro u n d  s e e d l in g  b io m a s s  u n d e r  f lo o d e d  

c o n d itio n s  (0.0011 ±  0.0003 g) w a s  s ig n if ic a n tly  h ig h e r  

th a n  u n d e r  e x p o s e d  c o n d it io n s  (0 .0006 ±  0.0002 g ),

T he  g erm in a tio n  percentages of the investigated  w h ile  n o  s ig n if ic a n t  d if fe re n c e  w a s  p r e s e n t  in  S.

species show ed  a significant species X m oistu re  in ter- lacustris s e e d lin g s  (0.0019 ±  0 .0005  g  a n d  0 .0018 ±

ac tio n  effect (F = 38.749,? <  0.001); th us, the o p tim u m  0.0002 g , re sp e c tiv e ly ) . In  c o n tra s t ,  b io m a s s e s  w e re

m o is tu re  classes of the species vary. Phragmites australis s ig n ific an tly  lo w e r  u n d e r  f lo o d e d  th a n  u n d e r  e x p o s e d

a n d  Phalaris arundinacea seeds germ ina ted  w ell on  c o n d itio n s  in  T. latifolia (0.0009 ±  0 .0005 g  a n d

d ra in e d  soil, w h ile  very  few  Phragmites australis seeds 0.0015 ±  0.0008 g), Phragm ites austra lis  (0 .0008 *•

g e rm in a ted  u n d e r  flooded cond itions (Fig. 2). In  con- 0.0005 g  a n d  0 .0044 ±  0.0015 g ), Phalaris arundinacea

tra s t, seeds of b o th  Typha species germ inated  p o o rly  (0.0039 ±  0 .0017 g  a n d  0 .0254 ±  0.0118 g) a n d  I.

on d ra in e d  sed im ent, b u t germ inated  w ell on  th e  pseudacorus (0 .0364 ±  0 .01434 g  a n d  0 .0849 ±  0 .0328 g).

sa tu ra te d  an d  flooded ones. Seeds of Scirpus lacustris T he  s h o o t : ro o t  b io m a s s  r a t io s  o f  th e s e  s e e d l in g s  a lso

d id  n o t sh o w  any germ ination  response to  the m o istu re  r e s p o n d e d  d if f e re n t ly  to  s u b m e rg e n c e  (F ig . 4). S : R
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F ig . 2  G e r m i n a t i o n  p e r c e n t a g e  o f  s e e d s  

o f  s ix  h e l o p h y t e  s p e c ie s  u n d e r  

l a b o r a t o r y  c o n d i t io n s .  M e a n  

g e r m i n a t i o n  p e r c e n ta g e s  ±  2  S E  o n  

m o i s t  (M ), s a t u r a t e d  (S) a n d  f l o o d e d  (F ) 

s u b s t r a t e  a r e  p r e s e n t e d  ( f t= 3 ) ;  

s ig n i f i c a n t  d i f f e r e n c e s  (L S D - te s t  a f t e r  

a n g u l a r  t r a n s f o r m a t io n ,  P  <  0 .0 5 ) a r e  

i n d i c a t e d  b y  d i f f e r e n t  s y m b o ls .

F ig . 3 S e e d l in g  g r o w t h  o f  s ix  h e l o p h y t e  

s p e c ie s  u n d e r  v a r y i n g  e x p o s e d  a n d  

i n u n d a t e d  c o n d i t io n s :  f in a l  l e n g t h  o f  

t h e  s h o o t  ±  2  S E  is  s h o w n  f o r  e a c h  

t r e a tm e n t .  T h e  t r e a tm e n t s  s h o w n  a re :

(i) p e r m a n e n t l y  d r a i n e d  d u r i n g  6 

w e e k s ;  (ii) 5 w e e k s  d r a i n e d ,  f o l lo w e d  

b y  1 w e e k  f lo o d e d ;  (iii) 5  w e e k s  

f lo o d e d ,  f o l lo w e d  b y  1 w e e k  d r a i n e d ;  

( iv )  p e r m a n e n t l y  f lo o d e d  d u r i n g  6 

w e e k s .  S ig n i f ic a n t  d i f f e r e n c e s  (L S D - te s t  

a f t e r  l o g a r i t h m ic  t r a n s f o r m a t io n ,

P  <  0 .0 5 ) a r e  i n d i c a t e d  b y  d i f f e r e n t  

s y m b o ls*

Dispersal germination, and seedling growth ofhelophytes 17

%

100

50

0
100

50

0

Iris pseudacorus

b b

Scirpus lacustris

Q
" ï —

M S

leaf length (cm)

50

40

30-

20-

10 '

0
50-

40-

30

20 '

10

0 -

Phalarls arundinacea

i b
i

b

i
c
-t

Typha latifolia

b

Phalaris arundinacea

ab

b

Typha latifolia

b

Phragmites australis

ab

r i a .
b

r ~ ^ - — 1

Typha 
angustifolia

b

i n
M S 

Treatment

M S F

Phragmites australis

a

■i
a
■f

a
i b

E *

Typha angustifolia

b
r i a

b

1

b

± 1

Iris pseudacorus 

a

b

Scirpus lacustris

b

2 3 4 I 2 3 4 
treatment

I 2

a

b ■

1 1

3 4

w a s  le a s t  a ffe c te d  in  lo w  z o n a t io n  sp e c ie s  lik e  S. a n d  n u m b e r  o f  s e e d s  p r o d u c e d  b y  a  s in g le  sh o o t, In  

lacustris , b u t  w a s  s u b s ta n t ia l ly  a ffe c te d  in  th e  sp e c ie s  a d d i t io n  to  th e  f lo a tin g  c a p a c ity  o f  th e  se e d s , th e  

o c c u r r in g  a t  h ig h e r  lo c a tio n s  o n  th e  s h o re , in c lu d in g  e ffic ien cy  o f  s e e d  d is p e r s a l  d e p e n d s  o n  th e  n u m b e rs  

Phragm ites austra lis . o f  s e e d s  p r o d u c e d ,  th e  d is ta n c e  o f s e e d  so u rc e s  a n d

a lte rn a t iv e  m e a n s  o f  t r a n s p o r t  (V an d e r  P ijl, 1982). 

W h ile  f lo a tin g  o n  th e  w a te r  su rfa c e , th e  p ro p a g u le s  

a re  t r a n s p o r te d  to  th e  sh o re lin e  b y  c u r re n ts  o r  w in d  

E a c h  o f  th e  s p e c ie s  s h o w e d  a  c o m b in a t io n  o f  c h a ra c te r -  d r i f t  (K o u ts ta a l, M a rk u s s e  & D e  M u n c k , 1987; N ilsso n , 

is  tic s  p ro b a b ly  r e la te d  to  th e i r  p o s i t io n  in  th e  z o n a tio n . G a rd fje ll &  G re ls so n , 1991). T h e  se q u e n c e  o f  f lo a tin g  

N o  r e la t io n s h ip  b e tw e e n  s e e d  w e ig h t  a n d  b u o y a n c y  tim e s  s h o w n  in  T ab le  2 is  c o m p a ra b le  w i th  th o se  

t im e  w a s  o b s e rv e d  fo r  th e  six  sp e c ie s  s tu d ie d .  H o w -  r e p o r te d  b y  R id le y  (1930), w h o  fo u n d  se e d s  o f S. 

e v e r , th e re  w a s  a n  o b v io u s  tr a d e -o f f  b e tw e e n  se e d  s iz e  lacustris  to  f lo a t fo r a  few  h o u r s  o r  n o t  a t  all,

D i s c u s s i o n
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Iris pseudacorus

Phalaris arundinacea

Typha angustifolia

Scirpus lacustris

Typha latifolia

Phragmites australis

0 1  2 3 4 5 6 7 8

sh o o t: root

F ig .  4  S e e d l in g  s h o o t : r o o t  b io m a s s  r a t io s  ( d r y  w e ig h t  r a t io  ±

2  SE) f o r  s ix  s p e c ie s  o f  h e lo p h y te s  a f te r  6  w e e k s  o f  

u n i n t e r r u p t e d  g r o w th  u n d e r  s u b m e r g e d  o r  e x p o s e d  

c o n d i t io n s .

T. angustifolia  fo r a b o u t  4 d a y s , T. latifolia fo r  4  w e e k s , 

a n d  L pseudacorus fo r 7 m o n th s  a f te r  re le a se  o n  a c a lm  

w a te r  su rfac e . In  a d d it io n , d is p e rs a l  th ro u g h  th e  a ir  

a n d  o n  o r  in  a n im a ls  m ig h t  b e  a l te rn a tiv e  m e c h a n ism s . 

D is p e rs a l  b y  a ir  m a y  b e  re le v a n t fo r th e  l ig h tw e ig h t,  

p lu m e d  p ro p a g u le s  o f Typha sp p . a n d  Phragm ites  

australis  (R idley, 1930). H o w e v e r, a f te r  t r a n s p o r t  

th r o u g h  th e  air, th e  p ro b a b ility  th a t  s e e d s  la n d  o n  

th e  w a te r  su rfa c e  is  g re a t a n d  th e re a f te r  th e y  a re  

t r a n s p o r te d  h y d ro c h o ro u s ly  (C ook , 1987; N ils s o n  et ah,

1991). T ra n sp o r t o f se ed s  b y  w a te r fo w l m a y  a lso  h a v e  

a n  im p a c t, p a r tic u la r ly  in  lo n g -d is ta n c e  d is p e rs a l ,  b u t  

th e ir  ro le  is h a rd  to  q u a n tify  (V an d e r  V alk , 1987).

T h e  a b ility  of se e d s  to  floa t a n d  s in k  to  th e  b o t to m  

a f te r  a  p e r io d  o f  tim e  p ro b a b ly  p la y s  a  ro le  in  d ire c tin g  

s e e d s  to w a rd s  s ite s  w h e re  g e rm in a tio n  a n d  e s ta b lis h 

m e n t  m a y  ta k e  p la c e  (Van d e r  P ijl, 1982; H o w e  & 

S m a llw o o d , 1982). T h e  o b v io u s ly  d if fe re n t c a p a c itie s  

o f  th e  sp e c ie s  fo r d is p e rs a l b y  f lo a tin g  o n  th e  w a te r  

s u r fa c e  im p ly  th a t  h y d ro c h o ro u s  d is p e rs a l  m ig h t  b e  

a n  im p o r ta n t  p ro c e ss  u n d e r ly in g  p a t te rn s  o f  r ip a r ia n  

p la n t  z o n a t io n  b y  s tru c tu r in g  th e  se e d  b a n k  (P o ia n i & 

J o h n s o n , 1989; G re ls so n  & N ilsso n , 1991). L o n g -flo a te rs  

m ig h t  a r r iv e  a t  h ig h e r  e le v a tio n s  o n  th e  sh o re lin e  th a n  

sh o r t- f lo a te rs .
»

G e rm in a tio n  a n d  s e e d lin g  s u rv iv a l  a re  th e  n e x t  

's ie v e s ' in  th e  life  h is to ry  o f  p la n ts  b y  w h ic h  h y d r o lo g y  

m ig h t  p la y  a s t ru c tu r in g  ro le  in  v e g e ta t io n  d e v e lo p 

m e n t  (K e d d y  & E llis, 1985; M o o re  &  K ed d y , 1988). 

L pseudacorus a n d  Phalaris arundinacea , b o th  sp e c ie s  

o c c u rr in g  a t  h ig h e r  p o s itio n s  in  th e  z o n a tio n , g e rm in 

a te d  w e ll o n  e x p o s e d  so il, w h ile  S. la.custris w a s  

in d if fe re n t a n d  Typha  sp p . g e rm in a te d  p o o r ly  o n  d r y
*

soil. C o m p a ra b le  r e s u l ts  h a v e  b e e n  r e p o r te d  in  v a r io u s  

s tu d ie s  d e m o n s tr a t in g  th e  ra n g e  o f  w a te r  le v e l o r  so il 

m o is tu re  c o n d it io n s  re q u ire d  fo r su c c e ss fu l g e rm in a 

t io n  o f Phragm ites australis (H ü r lim a n n , 1951; V an  d e r  

T oorn , 1972; H a s la m , 1973; R o d e w a ld -R u d e s c u , 1974), 

Phalaris arundinacea  (Ju n ttila , L a n d g ra f f  &  N ils e n , 

1978), S. lacustris (S e idel, 1955) a n d  Typha  s p p . (Yeo, 

1964; B ed ish , 1967; G ra c e  & H a rr is o n , 1986; F ra n k la n d , 

B a rtley  & S p e n c e , 1987; E v a n s  & E th e r in g to n , 1990). 

O n  e x p o s e d  so il su rfa c e s , m o is tu re  a v a ila b il i ty  in  

th e  g e rm in a t io n  p e r io d  d e p e n d s  n o t  o n ly  o n  th e  

g ro u n d w a te r  lev e l, b u t  is c o rre la te d  w i th  th e  p a r t ic le  

s ize  o f  th e  s e d im e n t  a s  w e ll (K e d d y  & C o n s ta b e l, 1982).

T h e  f lo o d in g  re g im e  o f th e  s e e d lin g  s ite  m ig h t  a lso  

d e te rm in e  th e  in itia l  z o n a tio n  o f th e  v e g e ta t io n . T h e  

se e d lin g s  o f  a ll h e lo p h y te  sp ec ie s  in  th e  p r e s e n t  s tu d y  

s u rv iv e d  to ta l in u n d a t io n  fo r 7 w e e k s , b u t  th e ir  

re s p o n s e s  d iffe re d : Phragmites australis  a n d  Phalaris  

arundinacea  s e e d lin g s  s h o w e d  h a rd ly  a n y  g ro w th  w h e n  

in u n d a te d ,  w h ile  S. lacustris a n d  Typha  spp* d e v e lo p e d  

s u b m e rg e d  le a v e s  th a t  d id  n o t  s u rv iv e  s u b s e q u e n t  

d ra in a g e  (S e ide l, 1955; W eisner, G ra n é li  & E k s ta m , 

1993). T h e  la t te r  sp e c ie s  m a y  b e n e f it  f ro m  f lo o d in g  in  

e a r ly  life  s ta g e s  in  c o n tra s t  to  th e  sp e c ie s  a d v a n ta g e d  

b y  p e r io d ic  e x p o su re . T h e  p ro b a b il i ty  o f in u n d a t io n  

o r  e x p o s u re  d u r in g  th e se  s ta g e s  is re la te d  to  th e  

e le v a tio n a l p o s i t io n  o f s e e d lin g s  o n  th e  s h o re lin e . 

T h u s , d iffe re n c e s  b e tw e e n  sp e c ie s  in  s e e d lin g  p e r f o r m 

a n ce  m ig h t  a d d  to  z o n a tio n  p a tte rn s .

D is p e rs a l ,  s e e d  g e rm in a tio n  a n d  s e e d lin g  p e r fo rm 

a n ce  c h a ra c te r is tic s  o f  a  sp ec ie s  m ig h t  b e  in te r re la te d . 

O f th e  s ix  sp e c ie s  s tu d ie d ,  I. pseudacorus  ty p ic a lly  

o c c u rs  o n  h ig h e r  g ro u n d s  o n  th e  s h o re  a n d  in  w e t  

m e a d o w s  (F a lin sk a , 1986). T h e  s e e d s  f lo a t fo r  a  v e ry  

lo n g  tim e  -  e v e n  a f te r  h a v in g  b e e n  s h a llo w ly  b u r ie d  

in  lo o se  s u b m e rg e d  s e d im e n t  a n d  h a v in g  f lo a te d  u p  

to  th e  w a te r  su rfa c e  a g a in  -  a n d  w ill  th e re fo re  b e  

w a s h e d  in to  e x is tin g  v e g e ta tio n  o n  th e  h ig h e r  s h o re lin e  

d u r in g  h ig h -w a te r  lev e ls . F lo o d in g  o f  th e  s e e d -b a n k  

s ite  im p lie s  re lo c a tio n  o f th e  se e d s . G e rm in a t io n  o f  I. 

pseudacorus  is re s tr ic te d  to  e x p o s e d  so il c o n d it io n s ,
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a n d  s e e d l in g  g ro w th  is  r e ta r d e d  a f te r  f lo o d in g  o f th e  

p la n t .  O n  th e  o th e r  h a n d ,  S. lacustris  o c c u rs  a t  th e  

d e e p e r  f r in g e  o f  th e  r ip a r ia n  z o n a tio n , u s u a l ly  o u ts id e  

th e  r e e d b e l t  (S e id e l, 1955; W e isn e r  e t a l ,  1993). Its  

s e e d s  s in k  s h o r t ly  a f te r  th e ir  re le a s e  o n  th e  w a te r  

su rfa c e . S e e d s  o f th is  sp e c ie s  th e re fo re  h a v e  a g o o d  

c h a n c e  o f  b e in g  in c o rp o ra te d  in  th e  s e e d  b a n k  in  th e  

n e ig h b o u rh o o d  o f  th e  p a r e n t  p la n t .  G e rm in a tio n  o f  S. 

lacustris  s e e d s  a p p e a r s  to  o c c u r  b o th  o n  s h a llo w ly  

f lo o d e d  a n d  e x p o s e d  so il, w h ile  th e  s e e d lin g s  o v e r 

c o m e  p e r m a n e n t  f lo o d in g  b y  fo rm in g  s p e c ia liz e d  s u b 

m e rg e d  le a v e s . B e ca u se  c h a n c e s  o f  e s ta b l is h m e n t a n d  

s e e d lin g  s u rv iv a l  o n  th e  h ig h e r  s h o re  a re  p o o r, th e s e  

c h a ra c te r is t ic s  a re  s u g g e s te d  to  b e  o f  a d a p t iv e  s ig n i 

f ican ce . A s  a c o n s e q u e n c e , r a p id  s p r e a d in g  o v e r  la rg e  

a re a s  b y  d is p e r s in g  s e e d s  is  u n l ik e ly  fo r  S. lacustris , 

w h ile  th e  s e e d s  o f  Typha  s p p . a n d  P. australis , w h ic h  

a re  p r o d u c e d  in  m a s s iv e  q u a n t i t ie s ,  m a y  tra v e l o v e r  

la rg e  d is ta n c e s  a n d  th u s  c o lo n iz e  la rg e  a re a s  qu ick ly . 

T h e  d is p e r s a l  o f  S. lacustris  s e e d s  o v e r  la rg e  d is ta n c e s  

p ro b a b ly  d e p e n d s  o n  t r a n s p o r t  b y  s e e d -c o n s u m in g  

b ird s ;  s e e d s  o f Scirpus  s p p . e v e n  s h o w  e n h a n c e d  

g e rm in a t io n  a f te r  b e in g  c o n s u m e d  a n d  d e fa e c a te d  b y  

d u c k s  (D e V la m in g  &  P ro c to r , 1968).

T h e  r e s p o n s e s  to  w a te r  le v e l in  th e  re g e n e ra t iv e  life  

p h a s e  o f  th e  sp e c ie s  u n d e r  s tu d y  v a ry  a c c o rd in g  

to  th e ir  p o s i t io n  in  th e  s h o re l in e  z o n a tio n . M a n y  

h e lo p h y te  sp e c ie s  d e p e n d  a lm o s t  e x c lu s iv e ly  o n  v e g e t 

a tiv e  s p r e a d in g  (S h ay  & S hay , 1986). In  r ip a r ia n  a rea s , 

r e p r o d u c t io n  b y  g e rm in a t in g  s e e d s  m a y  b e  a  ra re  

e v e n t  (B a rtley  & S p e n c e , 1987), w h ic h  is  o f te n  re la te d  

to  p r o lo n g e d  w a te r  le v e l d r a w d o w n  (G o p a l, 1986; 

B rock , V an  d e r  V eld e  & V an  d e  S te e g , 1987).

T h e  fo rm a tio n  o f  r ip a r ia n  v e g e ta t io n  z o n a t io n  u n d e r  

th e se  c irc u m s ta n c e s  a p p e a r s  to  s ta r t  d u r in g  th e  e a r ly  

s ta g e s  o f  d e v e lo p m e n t .  T h is  c a n  b e  c o n c lu d e d  fro m  

th e  's ie v e s ' in  th e  life  h is to ry  o f  th e  sp e c ie s  th a t  w e re  

s tu d ie d :  d ire c t io n a l  d is p e r s a l ,  r e s p o n s e  o f  g e rm in a tio n  

to  f lo o d in g  c o n d it io n s  a n d  re s p o n s e  o f  s e e d lin g s  to  

f lo o d in g . It is  n o t  c lea r, h o w e v e r ,  to  w h a t  e x te n t  sp e c ie s  

p ro f i t  f ro m  a n  in itia l  a d v a n ta g e  b y  b e in g  d o m in a n t  a s  

s e e d l in g s  (W ilso n , 1988).

T h e  c o n tr ib u t io n s  o f  o th e r  l ife -h is to ry  s ta g e s  to  th e  

fo rm in g  o f z o n a t io n  w il l  b e  c o n s id e re d  in  a s e p a ra te  

p a p e r .
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