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T h e  p a p e r  deal s  w i th  some  views o n  t h e  p h y t o c o e n o s e  in  r e l a t i on  to  t he  f u nc t i o n i ng  o f  veg e t a t i o n  a n d  its 
p l an t - spec i e s  p o p u l a t i o n s  in space  a n d  t ime.  F r o m  these v i ewpo in t s  t he  s t u dy  o f  vege t a t i on  is seen as  a field o f  
t e n s io n  be twee n  the  o rg an i smic  an d  r educ t i o n i s t i c  ap p ro a c h e s .  B o th  have  t he i r  va lue ,  p rov i ded  a n y  d o g m a ­
t i sm  is av o id e d  a n d  e i t her  c an  be ap p l i ed  to  t he  o ther .

I n  t h e  field o f  vege t a t i on  s t r u c tu r e  cha r ac t e r i s t i c  fe a tur es  o f  l i fe- form spec t r a  a n d  species  d i s t r i bu t i on ,  
i n ve r s i on  p h e n o m e n a  in  zo na t i o n ,  a n d  c o m m u n i t y  a r ch i t e c tu r e  in  r e l a t i on  t o  p r o d u c t i o n  a n d  d e c o m p o s i t i o n  
a r e  d is cus sed .  I n  t hi s  co n n e c t i o n  s o m e  r e m a r k s  a r e  m a d e  on  h a b i t a t  a n d  n iche  d i f f e r en t i a t i o n  w i th  r espec t  to 
the  p h y t o c o e n o s e  concep t .

V e g e t a t i o n  d y n a m i c s  a re  d i scussed  in r e l a t i o n  t o  t he  i n t r o d u c t i o n  o f  S p a r t in a  a n g lic a , t h e  f r e qu en c y  o f  
f l o o d in g  by  t he  t i des ,  d i f fe rent  e n v i r o n m e n t a l  d i s t u rb an ce s  cau sed  by heavy  w in t e r  f r os t ,  ra i nfa l l  a n d  h o t  an d  
d r y  per i ods ,  as  well as  to  h u m a n  i n t er fe rences  fo r  ag r i cu l t u r a l  a n d  civi l - technical  purpose s .

I t  is sugges t ed  t h a t  s a l t -m a r s h  p l an t s  m a y  h a v e  f o u n d  r efuge  a r ea s  in i n l and  h a b i t a t s  as wel l  as o n  m or e  
so u t h e r l y  coa s t a l  si tes du r i n g  g lac i at i ons .

G eneral con sid eration s

T h e  ob jec t  o f  vege t a t i on  science is the  mu l t i - sp e ­
cies  p l a n t  c ove r  as  a  ( s emi )n a tu r a l  en t i t y  a n d  its 
r e l a t i on  to  the  e n v i r o n m e n t ,  especi al l y soi l  a n d  cli­
ma t e .  V eg e t a t i on  is cons ide red  an  en se m b l e  o f  p l an t  
c o m m u n i t i e s  s e p a r a t e d  f r o m  each  o t he r ,  e i t he r  by 
m o r e  o r  less s h a r p  b o u n d a r i e s  o r  sh a d i n g  o f f  i n to  
e a c h  o t h e r  by  re l at i ve ly  b r o a d  t r a n s i t i o n  zone s  (van  
L e e u w e n ,  1966; v a n  d e r  Maa re l ,  1976).

T h e r e  is a va r i e t y  o f  t heo re t i c a l  views o n  t he
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n a t u r e  o f  p l an t  co m m u n i t i e s .  M o s t  o f  t h e m  are  
‘o rg an i sm i c ’, viz. v iew th e  p l an t  c o m m u n i t y  as  an  
en t i t y  w i th  ce r t a i n  ana log i e s  to  a n  o rg a n i sm  (C le ­
men t s ,  1916, 1928; Tan s l e y ,  1935; ‘quas i -organ i s -  
m ic ’). A n o t h e r  o rg a n i sm i c  v i ew was  p r e se n t e d  as  a 
t a x o n o m i c  ana logy .  Espec i a l ly  B r a u n - B la n q u e t  
(1928,  1932) h ad  in  m i n d  t h a t  j u s t  l ike o rg an i s ms  
a re  c lass i f ied i n t o  a  h i e r a r c h y  o f  t a x o n o m i c  g roup s ,  
c o m m u n i t i e s  c an  be  a r r a n g e d  in a h i e r a r ch i ca l  sys­
t em.  S t u d e n t s  o f  t hi s  t r a d i t i o n  u sua l l y  subd iv ide  
ve g e t a t i o n  s t udy  i n t o  a  n u m b e r  o f ‘syn ’- ap p r oa ch e s ,  
de r i ved  f r o m  equ iv a l en t  s ec t i ons  o f  b o t a n y  ( fo r  in­
s t anc e  B ra u n - B la n q u e t ,  1928,  1932;  W es t ho f f ,  
1970): syneco logy ,  syndynamics ,  syncho ro logy ,  syn-  
phys i o logy ,  s y n m o r p h o l o g y ,  a n d  s y n t a x o n o m y  o r  
synsys t ema t i c s .  Th i s  pa r a l l e l i sm  in t e r m in o lo g y  
sugges ts  c lose r e l a t i on sh i p s  be twee n  s t udi es  on  
b o t h  i n t eg ra t i on  levels.
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C o n t r a r y  to  these  o rga n i sm ic  views G lea son  
(1926,  1939) p o se d  his ‘i nd iv idua l i s t i c ’ or  ‘r e d u c ­
t i o n i s t ^ ’ co n c e p t  o f  t he  p l an t  c o m m un i t y .  H e  e m ­
pha s i zed  t he  d y n a m i c  n a t u r e  o f  t h e  p l an t  c o m m u n i ­
ty as  a n  ex p r e s s io n  o f  t hese  select ive forces  o f  its 
p a r t i c u l a r  e n v i r o n m e n t  a n d  t he  s u r r o u n d i n g  vege­
t a t i o n ,  a n d  he  co n s i de r ed  t h e  c o m m u n i t y  a c h a n g e ­
ab l e  m i x tu r e  o f  p r i nc ipa l l y  i nd ep en d e n t l y  d is t r i b ­
u t e d  p l an t  species .  F r o m  this  view W h i t t a k e r i  1953, 
1957,  1967) c a m e  to  t he  co nc e p t  o f  t he  p l an t  c o m ­
m u n i t y  as a  c o m p l e x  p o p u l a t i o n  pa t t e rn  an d  as  the 
resul t  o f  a  n u m b e r  o f  i n t e rac t i ng  species p o p u l a ­
t i ons .

Th i s  p a r a d i g m a t i c  d i s pu t e  will no t  be t r e a t ed  
he r e  in  ful l  (see e.g.  Wes th o f f ,  1951, 1970; W h i t t a k ­
er,  1962; B r a u n - B la n q u e t ,  1964; W e s t h o f f  &  van 
d e r  M aa r e l ,  1973; M u e l l e r - D o m b o i s  & El l enberg ,  
1974; M c I n t o s h ,  1980; va n  de r  Maa re l ,  1984). I t  is 
i l lu s t r a t ed  on ly  t h a t  in t he  cou r s e  o f  t ime  these 
v iews  a re  co nv e r g i n g  in r e f i n ing  a n d  e x t e nd in g  the 
de f i n i t i on  o f  ba s i c  con cep t s  f o r  m a k i n g  t h e m  m o r e  
op e r a t i o n a l  f o r  e cologi ca l  research.

Fi r st ,  in t he  be g i nn in g  t he r e  we re  m i s u n d e r s t a n d ­
ings o n  w h e th e r  a  p l an t  c o m m u n i t y  is a  conc re t e  or  
a n  a b s t r a c t  uni t .  W e s t h o f f  (1951)  p ro p o s e d  to  s e ­
p a r a t e  t h e m  by  us ing  t he  t e r ms  ph y to c o e n o s e  a n d  
p h y t o c o e n o n  (as  a  spec i f ic a t ion o f  the genera l  t e rm  
c o e n o n  i n t r o d u c e d  by B a r k m a n  e t al. (1958)).

Sec on d ly ,  an  evo l u t i on  in t he  de f i ni t ion  o f  the 
p h y t o c o e n o s e  co n c e p t  dev e loped  f r o m  the  m or e  
super f ic i a l  ‘a n y  co l l e c t i on  o f  p l an t s  g ro w in g  t o g e t h ­
e r  w h ic h  has  as  a who le  a  c e r t a i n  un i t y ’ (Tans l ey ,  
1935) t o  t h e  m o r e  useful  ‘a  p a r t  o f  the  vege t a t i on  
cons i s t i ng  o f  i n t e r a c t i n g  p o p u l a t i o n s  g ro w in g  in a 
re l at i ve ly  u n i f o r m  e n v i r o n m e n t  a n d  s h ow in g  a  f lor-  
ist ic c o m p o s i t i o n  a n d  s t r u c tu r e  t h a t  is re la t ively 
u n i f o r m  a n d  d i s t i nc t  f r o m  the  s u r r o u n d i n g  ve ge t a ­
t i o n ’ (W e s th o f f  &  va n  de r  M aa r e l ,  1973). A l t h o u g h  
un i f o rm i ty  is cons i de r ed  a  re l at i ve  con ce p t  in this 
de f i n i t i on  p e rm i t t i ng  so m e  subj ec t i vi t y in  de l im i t ­
i n g  a p h y to c o e n o s e ,  t h e  i n t ro d u c t i o n  o f  t he  p o p u l a ­
t i o n  s t r u c tu r e  o f  veg e t a t i o n  ad mi t s  t he  p h y t o c o e ­
n o s e  to  be  conce ive d  as  a sy s t em o f  i n t e r ac t i ng ,  
n i che -d i f f e r en t i a t ed  a n d  pe rh a p s  par t l y  compe t i t i ve  
speci es  p o p u l a t i o n s  (W h i t t a k e r ,  1970),  t h u s  i n t e ­
g r a t i n g  G l e a s o n ’s i nd ividua l i s t ic  view wi th  t he  o r ­
g an i smi c  ap p r o a c h .

Th i rd ly ,  t h e  r e cog n i t i on  o f  d is t inct ,  re la t ively 
u n i f o r m  s t a n d s  o f  veg e t a t i o n  m a y  p r e su p po se  the 
ex i s t ence  o f  f lor is t ic d is con t i nui t ie s  in t h e  field. 
H o w ev e r ,  it  is o bv iou s  t h a t  b o u n d a r i e s  b e tw een

p h y to c o e n o s e s  a r e  u su a l l y  no t  sh a r p ,  a n d  in some 
cases  even  qu i t e  vague.  Su c h  e x t e n d e d  boundar i e s  
a r e  in f ac t  co n ce n t r a t i o n s  o f  n u m e r o u s  small -scale 
s u b b o u n d a r i e s  ( v a n  Lee uwe n ,  1966; v an  de r  M a a ­
rel ,  1976).  Espec i a l l y  t ho s e  a re  p ro b l e m a t i c  in syn- 
t a x o n o m y  because  t h e i r  ex is t ence  m a k e s  t he  l ocal i ­
z a t i o n  o f  p h y to c o e n o s e s  an d  t he i r  c las s i f ica t ior  
w i th  c h a r a c t e r  species  co m b i n a t i o n s  a  difficult 
p r o ced u r e .

T h e  p r o b l e m  o f  sub d i v i d in g  vege t a t i on  in space 
as  wel l  as in  t ime  is e ss en t i a l ly  a p r o b l e m  o f  scale 
a n d  deta i l .  Sca l e  c a n  be def i ned  as  the  bas ic  un i t  o: 
su r f ace  f r o m  wh ich  d a t a  a re  ob t a i ne d .  De ta i l  t h e n  ii 
co ns id e r e d  the deg ree  to  wh ich  ob se r va t i ons  anc 
d a t a  a r e  d i s c r im ina t i ng .  E x a m p l e s  a r e  t he  com'  
b ine d  c o v e r - a b u n d a n c e  e s t ima t e  o f  B raun-Blan-  
q u e t  a n d  t h e  c r i t e r i a  used fo r  t h e  d is t i nc t i on  o: 
c h a r a c t e r - t a x a ,  c o m p a n i o n s  an d  acc ident a l  t a x a  
R o u g h l y  speaking ,  go in g  f r o m  a very  smal l  scale tc 
a la rge  one ,  i n t e r ac t i ons  be twee n  species  ( i nd iv idu  
ais o r  p o p u l a t i o n s )  decr ea se ,  a n d  t he  di f ferent iat ing 
effect  o f  e n v i r o n m e n t a l  f a c to rs  incr eases .  P h y t o  
coen ose s ,  a s  de f i ned,  u sua l ly  c o m p r i s e  m a n y  indi  
v idua l s  o r  r a m e t s  o f  v a r i o us  p o p u l a t i o n s ,  a n d  t he re  
f o r e  c h a n g e  by t h e  i nf l uence  o f  e n v i r o n m e n t a  
f a c t o r s  r a t h e r  t h a n  by  t he  i n t e r a c t i o n  be twee n  spe 
cies. On ly  in  t he i r  e a r l y - succes s iona l  s t age  specie 
i n t e r a c t i o ns  may  p r e d om in a t e .

F o r  c l a s s i f i ca t i on  p u r po se s  t h e  d e sc r i p t i on  o 
v e g e t a t i o n  is ba se d  on  t h e  m in im a l  a r e a  conce p t  o 
rel at i ve ly  u n i f o r m  s t an ds .  Th i s  co n c e p t  is def i ned a 
a  r e p r e sen t a t i v e  a r ea ,  e.g. as  a n  a d e q u a t e  s ample  fo 
all speci es  o f  r e gu l a r  o cc u r r enc e  ( W e s t h o f f  &  vai 
de r  M a a r e l ,  1973). M i n im a l  a r e a  de p en d s  on  t b  
n u m b e r  o f  species ,  t he  size of  i nd i v idua l  p lant s  an< 
t he i r  c l u s t e r i ng ,  a n d  r a n g e  f r o m  a few  d m 2 for  cer 
t a in  e p ip h y t i c  c o m m u n i t i e s  t o  on e  hec t a r e  o r  m o r  
fo r  t r o p i c a l  r a i n  for es ts .  T h e re  was  m u c h  de b a t  
a b o u t  t h e  re a l i ty  o f  t he  m in im a l  a r e a  in t he  field. I 
d i s t i n c t i o n  be tween  qua l i ta t ive  a n d  quan t i t a t i v  
m i n i m a l  a r e a  was  sugges t ed  b y  M e i j e r  D re e s  ( 1954 
f o r  f o r e s t r y  p u r p o s e s  a n d  t a k e n  ove r  by  Beeft in 
(1965) .  I n  a  r evi ew o f  c u r r en t  m e t h o d s  fo r  minima  
a r e a  d e t e r m i n a t i o n  D ie tv o r s t  e l al. (1982)  starte,  
w i t h  a sy s t e m a t i c  t r e a t m e n t  o f  t h e  re l a t i on  betwee 
b o t h  t ypes  o f  m i n im a l  a r e a  a n d  s t r u c tu r a l  pa r a m e  
ters.  H e  t h e n  de f i ned  t he  ana ly t i c a l  m i n im a l  a r ea  a 
t h e  l a rges t  o f  t he  tw o  values ,  b e ca us e  in this w a  
b o t h  t h e  spec i e s  r i chnes s  a n d  t h e  d o m i n a n c e  rela 
t i ons  will  b e  repr e sent ed .

R ece n t l y ,  howeve r ,  B à r k m a n  (1984) conc lude
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t h a t  t h e  m in im a l  a r e a  does  n o t  exis t  because  as  a 
r e su l t  o f  s t r u c tu r e  a n d  pa t t e r n  no  a b s o l u t e  m a x i ­
m u m  in speci es  n u m b e r  is r e ached .  O n  fu n c t i o n a l  
g r o u n d s  he d is t i ngu i shed  t hr ee  t ypes  o f  b io log ica l  
m i n i m a l  area :  (1) t he  min ima l  space  a r e a  on  wh ich  
all  speci es  o f  a  ph y to c o e n o s e  occ u r  t o g e t h e r  in a 
c e r t a i n  de v e l o pm en ta l  stage; (2) t he  m i n im a l  resis­
t a nce  a r e a ,  large e n o u g h  to  resist  d i s t u r b i ng  i n f l uen ­
ces f r o m  out s ide ;  a n d  (3) the m i n im a l  r eg en e r a t i o n  
a r e a ,  w h ic h  is r equ i r ed  for  m a i n t a i n i n g  t he  species 
p o p u l a t i o n s  in t he i r  r e p r o d u c t i o n  capaci t y ,  survival  
i n safe  si tes,  etc.  V an  De lden  (1984) a d d e d  t o  the 
l a t t e r  t y pe  t he  d e m a n d  o f  m a i n t a i n i n g  a  suf f ic i ent  
gene t i c  va r i a t i on  in popu l a t i ons .  A c c o r d in g  to  h im 
gen e t i c  im p o v e r i s h m e n t  c a n  p e r h a p s  be a n  i n de ­
p e n d e n t  f a c t o r  in t he  decr ea se  a n d  u l t im a t e  local  
ex t i n c t i o n  o f  a po p u l a t i on .  G ene  f l ow  f r o m  o the r  
a r ea s ,  such  as  t r a n s p o r t  o f  po l l en  a n d  d i a s p o r e s  by 
t h e  t i de s ,  c an  c o m p e n s a t e  d ec r ea s e  in t he  genet i c  
v a r i a t i o n  o f  s a l t - m a r s h  vegeta t ion .  Because  a n  e co ­
sy s t e m  m a y  exis t  o f  species p o p u l a t i o n s  l iv ing  t o ­
g e t h e r  t h r o u g h  co -evo lu t i on ,  t h e  ( local)  e l im i na t i o n  
o f  o n e  o r  f ew  speci es  sensi t ive t o  loss o f  gene t ic  v a r ­
i a t i o n ,  c an  have  g r ea t  con seq uen ces  f o r  t h e  surv iva l  
o f  t h a t  e c osy s t em  as  a who le  (va n  D e l d en ,  1984). 
T h e se  ex t en s io n s  o f  the classical  m in im a l  a r e a  c o n ­
ce p t  w ide n  t he  v is ion  o f  f u n c t i o n in g  in sp ace  an d  
t i m e  o f  b io t i c  e l em en t s  in phy to s o c io lo g y ,  a n d  re­
qu i r e  t he  so l u t i on  o f  m a n y  p ro b l e m s  on  t he  level o f  
p o p u l a t i o n  b io logy  an d  even  (eco)phys io logy .

T h e  p r o b l e m  o f  scale is equa l l y  i m p o r t a n t  in 
s t u d y i n g  succes s ion .  Rec en t  p e r m a n e n t  p lo t  s tudies  
o n  e m b a n k e d  t ida l  flats ( v a n  N o o r d w i j k - P u i j k  et 
a l.,  1979;  H o g e w e g  et al., 1985) revea l  t h a t  t he  size 
o f  q u a d r a t s  d e t e r m in e s  t h e  re su l t  o b t a i n e d  as  to  
v eg e t a t i on  deve l opm en t .  J u d g e d  f r o m  smal l  q u a d ­
r a t s  (25 X 25 cm)  t he  vege t a t i on  t e n d e d  t o  d ive rge  in

the cour se  o f  t h r ee  years .  O n  larger  qu ad ra t s  
(2 X 2 m) t h e  vege t a t i on  t e n d e d  t o  conve rge .  Scale ,  
t he r e fo r e ,  ha s  t o  be i n t ro du ce d  as  a  va r i ab le  as  such 
in succes s ion  s tudies .  T h e  de t a i l ednes s  o f  ob se r va ­
t i ons has  to  be revised as well.  F o r  ins tance ,  the 
com bi ne d  co v e r - abu nda nce  e s t imat e  has been  found  
to  be gene ra l ly  unsu i t ab l e  f o r  changes  on  t he  salt  
m a r sh  (Beef t ink ,  1975). Es t ima t e s  in pe r cen t age  
co ve r  or,  be t t e r  in n u m b e r s  o f  i nd iv idua l s  an d  
r am e t s  in p lo t s  o f  the s a m e  size a r e  p r e f e r ab l e .  In 
this  way c o m b i n e d  gr id  ana ly se s  a t  d i f fe ren t  scales,  
an d  num er i ca l  p roce s s ing  o f  d a t a  w o u ld  m a k e  p r o ­
gress  in s t u dy ing  spa t i a l  a n d  t e m p o r a l  d i s c on t i n u i ­
ties needed  o f  f i n d in g  new c o n c e p t u a l  t r a i t s  fo r  the 
di f fe ren t  ‘syn’- a p p r o a c h e s  in vege t a t i on  s t udy.

S u m m a r i z in g ,  t h e  i n t ro d u c t i o n  o f  m in im a l  re­
s i s t ance  a r ea  a n d  m in im a l  r eg en e r a t i on  a rea ,  c o m ­
b ine d  wi th  t h e  m o d e r n  view o f  t he  p h y t o c o e n o s e  as 
an  ensemb le  o f  species  p o p u l a t i o ns ,  will  en co u rag e  
i n t eg ra t ed  s t ud i e s  in phy to so c io lo gy ,  p o p u l a t i o n  
b io logy  a n d  ecophys io logy .  A t  p r esen t ,  howeve r ,  a 
t e nd en cy  t o w a r d s  a m o r e  r educ t i on i s t i c  res earch  
prevai ls .  A sk i ng  fo r  t he  s igni f i cance  o f  e cophys io -  
logical  a n d  p o p u l a t i o n  b io log ica l  resul ts  f o r  vege t a­
t i on  science r equ i r e s  g e ob o t an i c a l  hy po th e s e s  more  
ad ju s t ed  t o  i n t e r r e l a t i onsh ip s  be tw een  t he  di f ferent  
levels o f  b io logi ca l  o rgan i s a t i on .  S o m e  p r o b l e m s  in 
this  field will be t r e a t ed  here.

V egetation  structure (syn m orp h o logy )

T h e  s t r uc tu r e  o f  t he  s a l t -m a r sh  ve ge t a t i o n  has  
cha r ac t e r i s t i c  f e a t u r e s .  A t  a  g lo ba l  sca l e  it is re la t ed  
to  t he  d i s t r i bu t i o n  o f  life f o rm s  a n d  species (Tab l e  
1). I n  a rc t ic  a n d  t e m p e ra t e  zones  t he  d o m i n a n t  
l i fe- form in the sal t  m a r sh  is ‘f u n d a m e n t a l l y  hemi -

T a b le  I .  Raunkiaerian life-form spectra (percentages o f  species  number) o f  salt marsh and salt desert formations .  T  =  therophytes,  
H =  hemicryptophytes .  Ch =  chamaephytes,  Ph =  phanerophytes,  G =  geophytes ,  HH =  H elo-  and hydrophytes,  and E =  epiphytes.

R eg ion  N ew  Zealand N ew  England Great Britain Central Europe Israel West Pacif ic Islands
Reference Chapm an. 1960 C hapm an,  I960 Packham  & Wendelberger,  Waisel, 1972 H osokaw a,  1967

Liddle, 1970 1950

T  16 15 11 34 19
H 56 60  55 41 35
Ch 4 4  8 8 29
Ph 8 3 5 1 17 38
G 8 II 5 II
H H  8 7 16 5 3
E - - - - -  59
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c r y p t o p h y t i c ’ ( C h a p m a n ,  1960). In t he  m ed i t e r r a ­
n e a n  reg ions  t h e  sha r e  o f  c h a m a e p h y t e s  an d  ph a n -  
e ro phy t e s  inc reases ,  a n d  in t he  t r op i cs  ph a n e ro -  
phyt es ,  t o g e t h e r  w i th  l ianic  f o rms ,  govern  the 
s t r uc tu r e  o f  t h e  m an g r o v e  vege t a t i on .  F r o m  the 
a r c t ic  to  t h e  t r o p i c  zones  t he  m a j o r i t y  o f  h ib e r na t ­
i ng bu ds  shi f ts  f r o m  the  soi l  su r f ace  o r  even be n ea t h  
(in c ase  o f  ge o phy t e s )  t o w a r d s  levels m o r e  ab o v e  
t he  su r f ace o f  t h e  mar sh .

R a u n k i a e r i a n  l i fe- forms may  be cons ider ed  b io ­
tic exp re s s ion s  o f  a d a p t a t i o n  t o  the physical  na tu r e  
o f  the  e n v i r o n m e n t ,  such  as  l ow  t em p e r a t u r e s ,  ice 
dr i f t ,  a c t i on  o f  waves  a n d  cu r r en t s .  S tud i e s  on  the 
ef fec t i veness  o f  t hese l i fe- forms co u ld  give i n f o r m a ­
t i on  on  t he  fu n c t i o n a l  b a c k g r o u n d s  of  m o r p h o l o g i ­
cal  s t r uc tu r e s  a n d  phys io log i ca l  processes  in t he  salt  
ma r sh .  Espec ia l ly  species expre s s ing  t hemselves  in 
m o r e  t h a n  o ne  l i fe - form a re  interest ing.  A s te r  tr ip o ­
liu m  is such  a  p la s t i c  species ,  s h ow in g  a t e n den c y  to  
pe r enn i a l i t y  in t he  l ower  ma r sh ,  whi le a n n u a l  p lant s  
occ u r  m o r e  f r eq u en t l y  in t he  u p p e r  m a r sh  (Gray ,  
1971; Hu i sk es  et al., 1985).

Re g iona l l y ,  s a l t - m a r s h  a ssoc i a t i ons  have  c h a r a c ­
ter is t ic  d i f f e r ences  in  t he i r  l i fe - form spec t r a  as 
s h o w n  by  W e s t h o f f  ( u np ub l . )  f o r  t he  D u t c h  Fr i s i an  
I s l ands  (T a b l e  2).  C h a m a e p h y t e s  are  p r e sen t ed  
m o s t  in t he  A r te m is ie tu m  m a r it im a e  ( i nc lud ing  H a­
lim io n e  p o r tu la c o id e s  co mmu n i t i e s ) ,  a n d  t hero -  
phy t e s  in t h e  S a g in e tu m  m a r it im a e  a nd  the P ucci- 
n e llie tu m  d is ta n tis . T h e  l a t t e r  tw o  as soc ia t i ons  are  
cons i de r ed  cha ra c t e r i s t i c  f o r  e co ton e  cond i t i ons  
( W e s th o f f  &  de n  He ld ,  1969).

C o n s t r a in t s  in d i s t r i b u t i on  a re  usual l y  ind i ca t ed  
as t h e r m a l  ( n o t  t r ave r s i ng  a n  i so therm) or,  more  
gene ra l ,  as  c l imat i c  ( f o r  i ns t ance  in t e r m s  o f  the 
deg ree  o f  ocean i ty :  J ä g e r ,  1968),  o r  as  a  conse-

T ah te  2. Life-form spectra (percentage  cover-abundance) o f  salt 
marsh com m u n it ie s  from the Dutch Wadden Islands. After  
W esthoff  (unpublished data).  For  the life-form sym bols  see 
Table  1.

Association Life-forms C b H G T

Puccinellietum maritimae 6 53 12 29
Artemis ietum maritimae 18 64 8 10
A rm erieto-Festucctum 7 61 19 13
Jun co  Caricetum extensae

pholiurietosum 61 11 28
blysmetosum 6 49 35 IO

Saginetum  maritimae 7 44 5 44
Puccinellietum distantis 56 3 41

q u e n c e  o f  i so la t i on  (sea o r  l and  ba r r i er s  o f  d i s p e r ­
sal).  T h e  r ecen t  n o r t h w a r d  ex t en s i o n  o f  t he  d i s t r i ­
b u t i o n  a r ea s  o f  f o r  i n s t an ce  S u a e d a  m a r it im a  a n d  
A tr ip le x  litto ra lis  in n o r t h e r n  N o r w a y  (S kog en ,  
1969), S p e rg u la r ia  m e d ia  on  the s o u t h e rn  L o fo t en  
( M o e ,  1970),  C a rex  e x te n s a  in s o u t h e r n  N o r w a y  
( H o e g &  Lid ,  1949; Ro r s l e t t ,  1966),  an d  H a lim io n e  
p o r tu la c o id e s  an d  E ly tr ig ia  p u n g e n s  on  the D an i sh  
wes t  coa s t  ( I ve r s en  1952-53;  Beef t ink,  1959) m a y  be 
ex p l a i ned  by a r ecen t  i ncr ease  o f  s e aw a t e r  t e m p e r a ­
t u r e  o f  t he  west  an d  n o r t h  S c a n d in a v i a n  coas t s .  As 
a  co ns e q u e n c e  the  vege t a t i on  s t r uc t u r e  in t he  Skal -  
l i ngen sal t  m a r s h  has  ch an ge d  consider ab ly .

Eco logi ca l ,  let a l one  phys io log i ca l  ex p l a n a t i o n s  
o f  d i s t r i bu t i on a l  cons t r a i n t s  a re  very rare.  C r a w ­
fo rd  &  P a l i n  (1981) f o u n d  t h a t  t he  ove rw in t e r i ng  
ro o t s  o f  t he  n o r t h e r n  coas t a l  L in g u s tic u m  sc o tic u m  
a n d  M e r te n s ia  m a r it im a  h ave  h ighe r  r e s p i r a t i on  
r a t e s  t h a n  t h o s e  o f  t he  s o u t h e r n  species  C r ith m u m  
m a r it im u m  a n d  L im o n iu m  b in e r v o su m .  T h e y  s u p ­
po sed  t h a t  t h e  inabi l i ty  to  conse r ve  ove rw in t e r i ng  
c a r b o h y d r a t e  supp l ie s  a t  h ighe r  t e m p e ra t u r e s  is a 
r e a so n  fo r  t h e  g eo g ra ph i c  l i m i t a t i on  in t h e  s o u t he rn  
d i s t r i bu t i on  o f  these no r t h e r n  species.

I n v e r s i on  p h e n o m e n a  in t h e  z o n a t i o n  a r e  a n o t h ­
er  ch a r a c t e r i s t i c  fe a tu re  o f  the sal t  m a r s h  f o r m a ­
t i on.  A lo n g  t he  E u r o p e a n  coas t  n o r t h  o f  N o r m a n d y  
t h e  P u c c in e llie tu m  m a r it im a e  p recedes  t he  H a lim i-  
o n e tu m  p o r tu la c o id is  in t he  z o n a t i o n  (Beef t ink,  
1965).  F r o m  t h a t  p o i n t  s o u t h w a r d ,  howeve r ,  the 
H a lim io n e tu m  is gene ra l ly  f o u nd  on  l owe r  levels 
so m e t i m e s  even  g r o w in g  as  a p io ne e r  v eg e t a t i o n  on 
t he  m u d  (B o s tr y c h io -H a l im io n e tu m  p o r tu la c o id is  
s en su  G é h u ,  1975).

T h e  r e a s o n  fo r  this i nve r s ion  is no t  qu i t e  clear.  It 
m a y  be a  c o n s e q u e n c e  o f  t he  large t ida l  d i f ferences  
( m o r e  t h a n  8 m) in the s o u t h  d r a i n in g  t he  mar sh  
b a n k s  m o r e  t h a n  u nd e r  c o n d i t i o ns  of  sm a l l e r  t idal  
d i f fe rences ,  a n d  enab l i ng  H a lim io n e  to  es t ab l i sh  in 
l o w er  z on es  (Bee f t i nk ,  1965). T h e  m o r e  oceani c  
c o n d i t i o n s  an d ,  in genera l ,  the  h ighe r  t e m pe ra t u r e s  
in t he  so u t h ,  en ab l i n g  t he  species  to  g r o w  under  
m o r e  e x p o se d  cond i t i ons ,  a r e  a be t t e r  exp lana t i on .  
S u c h  shi f ts  to  p ionee r  h ab i t a t s  is a lso c o m m o n  o r  
f o r ed u n es ,  w he r e  species  like H o n c k e n y a  p e p lo ­
ides, E ry n g iu m  m a r it im u m , E u p h o rb ia  para lias  
L a th y r u s  m a r i t im u s  a re  m o r e  r es t r i cted  to  fore 
d u n e s  a n d  even  t he  s t r and l i ne  in s o u t h e r n  pa r t s  o 
t he i r  r a n g e  ( D o in g ,  1984). A p p a re n t l y ,  a  limiting 
f a c t o r  g o ve rn i n g  in n o r t h e r n  regions ,  is r em oved ,  o
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V l i s s i n g e n A n t w e r p

E l l e w o u t s d i j k ' s - G r a v e n p o l d e r B a t h  O s s e n d r e c h t  G a l g e s c h o r  F o r t  d e  P e r e l

Fig. 1. Z on at ion  o f  salt-m arsh com m unities  a lon g  the estuary o f  the ri\ er Scheldt . Each boundary line is indicated by its average level 
(/? =  IO -20) above  N A P  (D utch  Ordnance Letei).  Ordinate: level with respect to the average upper limit o f  the P u c c in e llie tu m  m a ritim a e . 
Abscis: Salt  marshes from Vlissingen at the m ou th  (left) to Antwerp (right). After Beeft ink (1965).

gene t i c  p l as t i c i t y  wi th in  t he  speci es  is exp re s sed  
geog raph ica l l y .

S i m i l a r  inver s ion  p h e n o m e n a  exis t  in es t ua r i e s  
(F ig .  1) a n d  in t h e  t r an s i t i on  zo n e  b e t w e en  t h e  
N o r t h  S e a  a n d  t he  Balt ic.  T he r e ,  m a n y  species ,  such 
a s  G la u x  m a r itim a , J u n c u s  gerard ii, A g r o s t is  s to ­
lo n ife ra , P u cc in e llia  d is ta n s, S p e rg u la r ia  m a rin a , 
a n d  A tr ip le x  h a s ta ta , s h ow  the  so -ca l led  ‘d iver  ef ­
fec t ’ (Z o n n ev e l d ,  1960). T h a t  is: u n d e r  c o nd i t i o n s  of  
l o w er  sal ini t ies  o f  soi l  a n d  f l o o d i n g  w a t e r  these 
speci es  a r e  f o u n d  in low er  pa r t s  o f  t he  m a r s h  e n d u r ­
i ng  a h igh e r  f r e qu en c y  of  su b m e r g e n c e  (G i l l ha m,  
1957; Beef t i nk ,  1965).  In these  species  f l ood  t o l er ­
a n ce  incr eases  wi th  dec r ea s ing  sal ini ty.  R o z e m a  
(1978 ) f o u n d  t h a t  on  a s andy  a n d  b r ac k i sh  beach  
p l a in  speci es  surv ived in zon es  w i th  a l owe r  l imit  
d e p e n d i n g  on  t he  deg ree  o f  sal t  res i s t ance ,  a n d  an  
u p p e r  l imi t  p r i ma r i l y  de p e n d in g  on  t h e  deg ree  o f  
d r o u g h t  r es i s t ance .  F lo o d i n g  as  such  w o u ld  be of  
m i n o r  i m p o r t a n c e  as  thi s  occur s  on ly  in w in t e r  
w h e n  me ta bo l i c  act ivi ty  is low.

O n  th e  c o m m u n i t y  level,  t he  s t r u c tu r a l  a r c h i t e c ­
t u r e  is t h e  r e s u l t an t  o f  species  co m p o s i t i o n ,  species  
d iver s i t y ,  den s i t y  a n d  t he  p r o d u c t i o n  a n d  d e c o m ­

po s i t i on  o f  b iom ass .  M o s t  s a l t -m a r s h  species are  
highly l i g h t - de m a nd i n g  (Wai se l ,  1972) a n d  u nd e r  a 
c l osed  c a n o p y  l ight  c a n  be l imi t i ng  fo r  su rv iva l  of  
seed l ings  an d  juveni l es ,  so t h a t  mo r t a l i t y  is h igh as 
in t he  case o f  S a lico rn ia  (Beef t ink ,  1984).

S ince  t he  1950’s the s t r u c tu r e  o f  ve ge t a t i on  has 
b ec o m e  ever  m o r e  i n t e r e s t i ng  to  vege t a t i on  sc i ent ­
ists w or k in g  w i th  t he  B ra u n - B l a n q u e t  m e t h o d  
(W es tho f f ,  1967; W e rg e r  &  S p ra n ge r s ,  1982). Th is  
led to  s t ud i es  on  veg e t a t i o n  a r c h i t e c tu r e ,  e.g.  Flier-  
voe t  &  W e rg e r  ( 1984). F o r  t h e  s a l t - m a r sh  veget a t i on  
B u th  (1984a,  b) c o m b i n e d  t h os e  s t udi es  w i th  m e a ­
su r e m e n t s  o f  p r o d u c t i o n  a n d  d e c o m p o s i t i o n  o f  bi ­
omass .  D y n a m ic s  in  the canopy  s t r u c t u r e  as  a  resul t  
o f  b o th  t hese  p roces ses  m a y  be decis ive fo r  changes  
in t he  species  c o m p o s i t i o n  o f  ph y t oc o en o se s .  His  
s t ud i e s  s t ress  t he  relat ively h igh  d e c o m p o s i t i o n  rate 
o f  m o s t  p l an t  ma t e r i a l s  a n d  t he  role o f  f a u n a l  ele­
m e n t s  in this  p roces s  as  a  f u n c t i o n a l  p a r t  in t h e  sal t -  
m a r s h  ecosys tem.

A m a j o r  qu es t i o n  in t he  s t u d y  o f  vege t a t i on  s t r uc ­
t u r e  co n c e rn s  t he  m e c h a n i s m s  caus i ng  p l an t  c o m ­
mun i t i e s  to  be f lor is t ical ly a nd  s t ruc tur a l l y  r ecog ­
n izabl e  ove r  geo g r ap h i c a l l y  large a r ea s  (Beef t ink ,

A g r o s t i s  s t o l o n i f e r a  
s u b v a r .  s a l i n a

m a r i t i m a e  f r a g m e n t  
\  2 .7 3 ___________ —

2j59___—-
A g r o s t i s

S a g i n o  m a r i t i m a e -  
C o c h l e a r i e t u m  d a n i c a e

J u n c e t u m  g e r a r d i i

A t r i p l i c i -
E l y t r i g i e t u m  p u n g e n t i s

A r t e m i s i e t u m  m a r i t i m a e  

H a l i m i o n e t u m  p o r t u l a c o i d i s

P u c c i n e l l i e t u m  m a r i t i m

s t o l o n i f e r a  s a l i n a - s o c i a t i o n  

2,91

P l a n t a g i n i -
A r t e m i s i e t u m L o l i e t u m

P u c c i n e l l i e t u m  m a r i t i m a e
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1977a).  F r o m  a popu l a t i on - b io lo g i c a l  a n d  ecophy -  
s i ologi ca l  p o i n t  o f  v iew the  r epea t ed  co -occu r r en ce  
o f  c e r t a i n  p l a n t  species  c an  be exp la ined  as m e c h a ­
n i sms  o f  av o id i n g  c o m p e t i t i o n  (B ra a k h e k k e ,  1980); 
b o t h  spa t i a l  a n d  func t i ona l .  Spa t i a l  d i f fe ren t i a t i on ,  
o r  h a b i t a t  d i f f e r en t i a t i o n  sensu  Bra ak he k ke ,  wou ld  
u l t ima t e ly  resul t  in  a p o p u l a t i o n  a s sem b lag e  c o n ­
s i s t ing o f  a  m o s a i c  o f  m u t u a l l y  i n de p e n d e n t  m o n o ­
s t an ds ,  c o r r e s p o n d i n g  t o  t he  he t e rogene i t y  o f  the 
e n v i r o n m e n t .  I n  this  view the  con ce p t  o f  ph y to c o -  
enosi s  beco me s  ques t i onab l e .

I n  case  o f  f u n c t i o n a l  d i f fe ren t i a t i on ,  o r  n iche  
d i f f e r en t i a t i on  se n su  B ra ak h ek k e ,  po p u l a t i o n s  of  
d i f fe r en t  speci es  c an  live t oge th e r  in j o i n t  s t ands .  
Di f f erences in species  p rope r t i e s  c ause  species  to 
avo id  c o m p e t i t i o n  for  space ,  l ight,  nut r ien ts ,  etc. 
C o n s e q u e n t l y ,  t hos e  species  c an  co-ex i s t  w i th in  a 
h o m o g e n e o u s  e n v i r o n m e n t .  S u c h  a c o m m u n i t y  is 
in i n t e rna l  ba l anc e ,  c o n t r a r y  to  the fo r m e r  wh ich  is 
a t  m o s t  a n  eq u i l i b r i u m  o f  a mu tu a l l y  i n d ep en d e n t  
p o p u l a t i o n  a s s emb lage .  Because  as  so o n  as o ne  o f  
t he  p o p u l a t i o n s  ha s  a n  ecologi ca l  a d v a n t a g e  over  
o the r s  such a n  eq u i l i b r i u m  is t h r o w n  of f  its bal ance .

T h r e e  r e m a r k s  fo l l ow  f r o m  these t heore t i c a l  c o n ­
s idera t i ons.

(1)  N o t  a  s ingle  e n v i r o n m e n t  o r  ha b i t a t  c an  be 
co ns id e r e d  to t a l l y  ho m o g e n e o u s ,  n o r  ex t r em e l y  he­
t e r og en eo u s .  He n ce  t h e  p o pu l a t i o ns  o f  p l an t  spe ­
cies l iving t o g e t h e r  in a  p h y to c oe n os e  cou ld  be c o n ­
s i de red  as  t he  ex p r e s s io n  o f  an  a s semb lage  o r  
p a t t e r n  o f  so m a n y  m ic ro ha b i t a t s .  But  b o t h  in p o p ­
u l a t i o n  a n d  h a b i t a t  a s s emb lages  t he  p ro b l em  o f  
s cale  arises:  a t  w h a t  size c an  m i c ro h a b i t a t  a s s em ­
blages  be cons i de r ed  a  m a t t e r  o f  wi th in-d ivers i ty ,  
a n d  a t  w h a t  size t h a t  o f  be tween -d ive rs i t y?  Here ,  
aga in ,  t h e  m i n im a l  a r e a  conce p t  mu s t  be i n t r o ­
duced .

(2) ‘C o n s id e r i n g ’ is a m a j o r  charac te r i s t i c  fe a tu re  
o f  a  p a r a d i g m a t i c  view.  T h e  p ro b l em  r e m a in s  h o w  
to b r e a k  o p e n  t he  p a r a d i g m s  of  ho l i sm  ( fu n c t i o na l  
d i f f e r en t i a t i on )  a n d  r ed u c t i o n i s m  ( spa t i a l  d i f f e r en ­
t ia t i on) .  A f t e r S l o e p ( 1 9 8 3 ) t h i s  could b e e l a b o r a t e d  
by  e rec t i ng  a  sy s t em  o f  a x i o m s  co -o r d in a t i n g  basic  
concep t s ,  s u ch  as  spot ,  en v i ro nm en t ,  niche  a n d  spe ­
cies. S u c h  a x i o m s  cou ld  t h e n  be  fo r m u la t e d  b o th  in 
ve rn ac u l a r  a n d  fo r m a l  l anguages  en ab l i n g  g e o b o t ­
an is t s  t o  p roce s s  t h e m  fu r t h e r  in these  two  ways  of  
conce p tu a l i sm .

(3) (S e m i ) n a t u r a l  p o p u l a t i o n  a s s emb lages  have 
t he i r  o w n  h is t or i ca l  r oo t s .  S o m e  p o p u l a t i o n s  may

be  in f a c t  the r e m n a n t s  o f  f o r m e r  co mm un i t i e s ,  
o th e r s  a r e  r ep r é se n t a n t s  o f  the p r esent ,  o r  even the 
p r e c u r s o r s  o f  a f u t u r e  co m m u n i t y .  T h e  q ue s t i o n  is 
h o w  all  t hese  p op u l a t i o n s  f o r m in g  a n  a s semb lage  
a re  e q u a l  p a r t ne r s  in a ph y t oc o en os e ,  an d  h o w  they 
can  c o n t r i b u t e  to  a ch a r a c t e r i z a t i on  o f  re l a ted  p h y ­
t o c o e n o s e s  for  a c las s i f ica tory  sys tem.  A. Beef t ink 
(1984)  t a ckl ed  this p r o b l e m  for  L im o n iu m  vulgare  
a n d  P la n ta g o  m a r it im a  g r o w in g  t o g e t h e r  in the 
P la n ta g in is  L im o n ie tu rn .

S u ccess io n  (syndynam ics)

O n  the  s a l t  m a r sh  on e  o r  a few species  a r e  usual ly  
d o m i n a t i n g  in a  ph y to co eno se .  M o s a i c  s t r uc tur e s  
a re  on ly  c o m m o n  in s o m e  types  o r  d e ve lo pm e n t a l  
s t ages  o f  t h e  P u c c in e llie tu m  m a r it im a e  a n d  in so m e  
A r m e r io n  co mm un i t i e s .  G ra z i ng  p r o m o t e s  t he  d e ­
v e l o p m e n t  o f  mul t i spec i f ic  s t and s  (Ba k ke r ,  1984). 
Th i s  co u ld  m e a n  t h a t  in t h e  ab sen ce  o f  large he rb i ­
vo re s  succe s s ion  ha s gene ra l l y  a  r a t h e r  r igid or  ob l i ­
g a to r y  c h a r a c t e r  ( H o r n ,  1976).  It is n o t  yet  k n o w n  
h o w  the  m o d e l s  o f  C o nn e l l  &  S l a t ye r  (1977) relate 
to  suc c e s s io n  on  the sal t  m a r s h .  H o w ev e r ,  because  
ea r l y  suc ce s s iona l  s t ages  a re  p r e d o m i n a n t l y  d e t e r ­
m i ne d  by  ab io t i c  f a c to rs  (Beef t ink ,  1977a),  the faci l ­
i t a t i on  a n d  t o l e r an ce  m ode l s  may  b o t h  be  app l i c a ­
ble.

T h e  i n t r o d u c t i o n  o f  S p a r t in a  a n g lica  to  large 
coas t a l  a r e a s  has  c aused  a  g rea t  d i s t u rb a n c e  in the 
o r i g ina l  succe s s iona l  t r ends .  Th i s  species  is the mos t  
r ecen t  e x a m p l e  o f  ( s e m i ) s p o n t a n e o u s  po lyp l o id y  in 
the  sal t  m a r s h ,  a nd  is a l so  o ne  o f  t h e  f ew  t a x a  wi th  a 
C4- p ho t o sy n th e s i s .  A b o u t  120 yea rs  a g o  it has  been 
i n t r o d u c e d  as  a  hy b r i d  o f  t he  N o r t h  A m e r i c a n  
S p a r t in a  a lte rn iflo ra  a n d  t he  E u r o p e a n  S. m a riti­
m a , in w h i c h  so o n  d o u b l i n g  o f  t h e  c h r o m o s o m e  
n u m b e r  o cc u r r ed .  T h e  eco logy  o f  thi s  a m p h i p o ly -  
p lo id  c o r r e s p o n d s  t o  t he  i nh ib i t i on  m o d e l  o f  C o n ­
nel l  &  S l a t y e r  (1977):  in o ld  S p a r t in a  f ields,  e spe­
cial ly t h o s e  g ro w n  u p  f r o m  b a re  m u d ,  d i e -back  
p h e n o m e n a  o ccu r  be for e  t he  vege t a t i on  is being 
su cce ed ed  by species o f  o t h e r  succe s s iona l  s tages 
( G o o d m a n  e t al., 1959,  1961; G o o d m a n ,  1960). 
Beef t i nk  (1977b )  sugges t ed  t h a t  soi ls  w i th  S p a rtin a  
a n g lica  g ene ra l l y  deve lop  t o  a  m o r e  wa te r l ogged  
s ta te ,  so  t h a t  t hey b ec o m e  less su i t ab l e  for  sub se ­
q u e n t  r e c r u i t m e n t  o f  b o t h  ear l y  a n d  la te  succes­
s i onal  speci es .  S p a r tin a  p r o m o t e s  s e d i me n t a t i on  ol
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Im m ig ra tion  of 
S partina  a lte rn iflo ra S partina  ang lica
from  N o rth  A m erica
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F ig. 2. D is function  o f  S p a r tin a  ang lica  after invading the sa lt-marsh ecosystem. After Beeftink ( 1975a), with permission o f  the British 
E colog ica l  Society.

silt ,  a n d  en l a rge s  t he  co n t e n t  o f  o r g a n i c  m a t t e r  in 
t h e  soi l  p r o m o t i n g  the d e v e l o p m e n t  o f  t ox i c  re­
d u c e d  S c o m p o u n d s .  Its dens e  g r o w t h  a n d  high 
b i o m a s s  p r o d u c t i o n  also im p ed es  t h e  p e n e t r a t i o n  
o f  l ight  nece ssa ry  fo r  the e s t a b l i s h m e n t  o f  t he  m o s t ­
ly h igh  l i gh t -d em and in g  p l an t  species.  The re fo r e ,  
on ly  la rge  i nvade rs ,  such as  S c ir p u s  m a r it im u s  and  
P h ra g m ite s  a u stra lis  o ccu r r i n g  in  b r ac k i s h  m a r sh e s  
c a n  e l im i na t e  S p a r tin a .  In  sa l ine  en v i r o n m en t s ,  
h o w e v e r ,  S p a r t in a  c o m m u n i t i e s  w o u l d  pers i s t  unt i l  
t h ey  a r e  d a m a g e d ,  e i t her  by  w a t e r l ogg ed  soi l  c o n d i ­
t i ons ,  o r  by  pa r as i t e s  ( t he  a p h i d  S ip h a  litto ra lis  
( W a l k e r )  f o r  ins t ance ) ,  or  by  g r a z i n g ( F ig .  2).  G r a z ­
i ng  is o ne  o f  t he  few factors  su p p r e s s i n g  S p a r tin a ,  
a n d  e n a b l i n g  t h e  e s t ab l i sh m en t  o f  o t h e r  speci es  in 
su b s t a n t i a l  numb e r s .

S u c c e s s io n  is a  very  c o m p l e x  p roce s s ,  even  in the 
sa l t  m a r sh .  Its u n d e r s t a n d i n g  needs  a c ar efu l  a n a l y ­
sis o f  vege t a t i on  d yn am ic s  a n d  the i r  e n v i r o n m e n t a l  
r e l a t i on s  ( c o m p a r e  R o o z e n  &  Wes t ho f f ,  1984; A. 
Beef t i nk ,  1984).

F l o o d i n g  f r equenc i es  ma y  va ry  cons ide r ab ly  f r om  
y e a r  t o  ye a r  as  a re su l t  of  d i f f e r ences  in w in d  ac t i o n  
a n d  o f  t he  18.6-yr  cycles t u r n i n g  o f  t h e  m o o n ’s o rb i t  
p l ane .  Th e se  va r i a t i ons  ca n  be  ch a r a c t e r i z e d  by 
t o t a l i z i ng  t he  dev i a t i ons  ( i n cm)  o f  t he  ac tu a l  h igh  
w a t e r  level ( m o n t h l y  ave rages  w e re  used  he re )  f r o m  
m e a n  h igh  w a t e r  level ( 1951 -60 ,  co r r ec t ed  fo r  the 
i n f l uence  o f  t h e  m o o n ’s o rb i t  p l an e )  ove r  a  ser ies of

vege t a t i on  pe r i ods  (T ab l e  3).  T h e s e  pe r i ods  were 
ch os en  as  i n t e rva l s  be twee n  t h e  m o n t h s  in  which  
success ive  year l y  relevés o f  p e r m a n e n t  p lot s  have 
been  m a d e  ( S e p t e m b e r - A u g u s t ) .  I n  thi s  w ay  the 
pe r i od  1962-65 c a n  be cha r a c t e r i z ed  as h av i ng  a 
re l at i ve ly  l ow  t ida l  inf luence.  T h e  pe r i ods  1965-70 
a n d  1957-62,  on  t h e  co n t r a ry ,  s h o w e d  a h ighe r  t idal  
in f luence c o m p a r e d  w i th  m e a n  f igures .

A  l ow  t idal  i nf l uence  will  ini t i a te  physi ca l  a nd  
chemic a l  soi l - r i pen ing  processes ,  such  as  des i cca­
t i o n  o f  t he  u p p e r  soi l  l ayers ,  o x i d a t i o n  o f  me t a l  an d  
su l p h u r  c o m p o u n d s ,  a n d  p e r h a p s  desal in i za t i on .  
H ig h  t i da l  i nf luences  on  t he  sal t  m a r s h  will p r o m o te  
t he  reverse.  It m a y  t he r e fo r e  be s u p p o s e d  t h a t  low 
t idal  inf luences  p r o m o t e  succe s s ion  p roces se s  in the 
ve ge t a t i on ,  whi le h igh  t i da l  i nf luences  give a  s t a r t  to 
r eg res s ion  p h e n o m e n a .

Th i s  is i l lus t ra t ed  in T ab l e  3: ch an g es  in cover  
p e r c en t age s  o f  p l a n t  p o p u l a t i o n s  o n  p e r m a n e n t  
p lot s  co i nc ide  t o  a  h igh  deg ree  w i t h  va r i a t i ons  in 
t i da l  d i f ference,  e speci al l y w he r e  a  pe r i od  o f  h igher  
f l o o d in g  f r equenc i e s  t h a n  ‘n o r m a l ’ p a s s ed  i n to  one  
wi th less (1962-1963)  an d  reverse (1966-1967) .  M o r e ­
ove r ,  t h e  d a t a  f r o m  the  f o u r  p e r m a n e n t  p lot s  in 
T a b l e  3 s h o w  t h a t  t he  c h a r a c t e r  o f  t he  c h a n g e  in 
c ov e r  pe r cen t a ge  o f  a p l a n t  p o p u l a t i o n  m a y  depend  
o n  t he  level a t  w h ic h  t he  p lo ts  a re  l ying in t h e  mar sh .  
A s te r  tr ip o l iu m ,  f o r  i ns t ance ,  ha s  h igh e r  densi t i es  in 
t h e  tw o  l ower  p e r m a n e n t  plot s ,  b u t  l owe r  densi t ies
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in t he  tw o  h ig he r  plot s  d u r in g  t he  pe r i od  o f  low t idal  
inf luence.  A pp a r en t l y ,  t he  A s te r  p o p u l a t i o n  is shi f t ­
i ng  ove r  t he  m a r s h  d e p e n d e n t  on  t h e  imp ac t  o f  the 
t ides .  A s im i l a r  r e ac t i on  is f o u n d  in H a lim io n e  p o r ­
tu la co id es .

S u a e d a  m a r it im a  a n d  S a lico rn ia  eu ro p a ea  a re  
i nc reas ing  t he i r  p op u l a t i ons  cons ide r ab ly  over  large

p a r t s  o f  t h e  sal t  m a r s h  because  seed d i sper sa l  is 
p r o m o t e d  u n d e r  t he  in f luence  o f  t ida l  cu r r en t s  (see 
a l so Beef t i nk ,  1984). A n  incr ease  in po pu l a t i o n  
den s i t y  u n d e r  such  cond i t i ons ,  bu t  t h en  pa r t ly  also 
on  t he  s t r en g th  of  vege ta t ive g ro w th ,  is a lso fo u nd  
a m o n g  S p a r t in a  ang lica , T r ig lo ch in  m a r it im a  a n d  
L im o n iu m  vu lgare. E ly tr ig ia  p u n g e n s , F estuca  r u ­

T a h te  3. Estimated cover  percentages o f  plant populations and numbers o f  molluscs over 1962-70 in four permanent plots laid out in the 
Springersgors  salt marsh, Grevelingen. Devia tions (cm) o f  actual  high water level (m onth ly  avs.) from the correspondin g mean high 
water level (1951 60)  o f  the Vlissingen tide-gauge station. S y m b o ls  for mollusc densities: r =  rare, o  =  occasional ,  f  =  frequent,  and 
a =  abundant .  Height o f  the plots 1.41, 1.49, 1.54 and 1.70 m +  N A P  (D utch  Ordnance Level) respectively. M ean  high water at 
Springersgors  salt marsh 1,28 m +  N A P .

Sam ple  plot N o .  1

Year 62 63 64 65 66 67 68 69 70
Devia tion o f  H W s from  M HW

in preceding period +97 -5 2 -29 -3 + 6 0  +48 +21 +  12 +34
(accumulated)

Puccinellia maritima 80 80 90 80 90 60 10 15 10
Aster tripol ium 2 5 10 4 4 2 2 1 1
G lau x  maritima - - 1 2 2 - - - -

Plantago maritima - 1 1 1 1 ' -

L im onium  vulgare 10 20 30 20 20 20 30 20 20
Suaeda maritima 3 3 2 3 2 3 3 3 10
Halim ione portu lacoides 3 3 3 3 2 1 3 I
Spart ina anglica 2 2 2 1 1 1 2 3 2
Salicornia  europaea 5 3 2 3 4 30 30 15 20
Triglochin maritima - 1 2 3 3 10 20 15 10

H ydrobia ulvae f 0 0 0 r r a f

Sam ple  plot N o .  2

Year 62 63 64 65 66 67 68 69
Deviation  o f  H W s from M HW

in preceding period +97 -52 -2 9 -3 + 6 0  +48 +21 +  12

(accumulated)  
Festuca rubra 3 5 10 10 10 2 2 3
Elytrigia pungens _ _ - 1 1 - -

Artemisia maritima - 2 2 2 2 3 1
Parapholis  strigosa 2 - - - - - -
Plantago maritima 5 15 10 10 10 10 10 10
Aster tripolium 3 15 10 30 20 4 4 20
Glaux maritima 10 10 10 10 10 4 4 4
Halim ione  portu lacoides 30 25 30 20 1 10 10 4 4
Salicornia  europaea 4 3 - 1 4 20 10 5
Suaeda maritima 4 3 - 3 5 20 15 4
Puccinel lia maritima 1 - I - 1 1 2 2
Spart ina anglica - - - - - 1 1 2
Lim onium  vulgare 50 40 40 30 50 60 70 70
Triglochin  maritima 2 1 1 2 3 2 3 2
Spergularia media 2 3 3 1 2 2 2 2

Littorina saxatilis _ - _ 1 r r r f f
Assim inea grayana 0 - 0 - r - 0 f
Ovate lla  myosotis 0 - - - - - -

70

+34
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T a b le  3. Continued.

Sam p le  plot No.  3

Year 62 63 64 65 66 67 68 69 70
Deviation  o f  H W s from M HW

in preceding period +97 52 29 -3 +60 +48 +21 +  12 +  34
(accumulated)

Elytrigia pungens 100 100 100 100 100 70 80 70
H alim ione portulacoides 30 2 1 - 2 2 10 10
Aster tripolium 10 3 3 - 2 4 5 10
Su aed a  maritima 4 - 2 1 20 45 20 30
Artemisia maritima 2 1 1 1 1
Lim onium  vulgare - - 1
Salicornia europaea - - - 1

Assim inea grayana 0 0 f a r - -

Ovatella myosotis a ° 0 0 a a a 0

Sam ple  plot N o .  4

Year
Deviation  o f  HW s from M H W

62 63 64 65 66 67 68 69

in preceding period 
(accumulated)

+97 -5 2 -29 3 +60 +48 +21 +  12

Elytrigia pungens 5 30 40 60 70 70 30 50
Festuca rubra 70 80 100 90 80 40 55 60
Artemisia maritima 40 30 20 10 10 4 3 3
Salicornia  europaea _ - 2 4 1
Su aed a  maritima 2 - - - 10 30 3
Aster tripol ium 3 2 1 2 I 4 4 4
Puccinellia maritima 
Spergularia media

2
1

- - - -

P lantago maritima 4 3 2 3 2 2 2 1
Lim onium  vulgare 2 1 2 1 1 1 1 1
Halim ione portulacoides 3 2 1 2 3 3 2

Ass im inea grayana f - - - r o 0
Ovate lla  myosotis 0 - f f a 0

70

+ 3 4

bra, A r te m is ia  m a r it im a  a n d  G la u x  m a r it im a  a p ­
p e a r  sens i t i ve  to  t i da l  im m e r s i o n s  o f  s eaw a te r .  Al so  
t he  sal t  m a r sh  mo l luscs  a p p e a r  to  r e ac t  u p o n  t idal  
i m p a c t  in t he i r  densi t ies.  T h e  i n u n d a t i o n  ex pe r i ­
m en t s  ca r r i ed  ou t  by G ro e n e n d i j k  (1983,  1984) for  
s o m e  o f  the se  p lan t  species  sh o w e d  s im i l a r  resul ts ,  
b u t  revea led t h a t  t e m p e r a t u r e  a n d  d e v e lo p m e n ta l  
s t age  o f  t he  p l an t s  a re  i m p o r t a n t  va r i a b l e s  f o r  f i t­
ness  a f t er  t he  im pac t  o f  i n un da t i on .

T h e  cove r  per cen t ages  o f  t he  p l an t  p o p u l a t i o n s  
a l so  sugges t  t h a t  t hey  do  n o t  r e t u r n  to  t he  fo r m er  
s i t u a t i o n  a f t e r  a n  in te rva l  o f  l ow  t ida l  i nf luence .  In 
s a m p le  p lo t  No.  1, f o r  in s tance ,  T rig lo c h in  s eems to 
e s t abl i sh  i t sel f  f i rmly  u n d e r  h igh  t i da l  im pa c t ,  whi le 
L im o n iu m  does  no t  yield g r o u n d ,  in this p lot ,  as  well

as  P la n ta g o  m a r it im a  in p lo t  No .  2. A r te m is ia ,  
howeve r ,  does  n o t  m a k e  u se  o f  the space  left by 
E ly tr ig ia  for  r e cove r ing  itself,  in 1967-69.  T h e  co n ­
c lu s ion  is t h a t  yea r s  w i th  m u c h  w ind  ac t i o n  o n  the 
f l ood  level, espec i a l l y  by  l ower ing  the h igh -wa te r  
level,  a n d  pe r h a p s  also t he  18 .6-yr  cycle o f  t he  tui  n- 
ing o f  t he  m o o n ’s o rb i t  p lane,  m a y  s t im u la t e  succes­
sion.  A m o n g  t he  o th e r  e n v i r o n m e n t a l  f a c to rs  in­
volved in this  p roces s  t he  s ed i m e n t a t i o n  r a t e  takes  
an  i m p o r t a n t  p a r t .  N e t  a cc r e t i on  ( sh r i n k i ng  in­
c luded )  o f  t he  sal t  m a r s h  soi l  m a y  vary  cons ide r ab ly  
f r o m  place t o  p lace ,  f o r  i n s t ance  f r o m  1.6 to  11.6 
m m / y r  ove r  19 yea r s  ( 1965 -84 )  in an  Oos t e r s che lde  
sa l t  m a r s h  (Bee f t i nk ,  un pu b l . ) .  In  o th e r  a r ea s  such 
as  on  t he  b o rd e r s  o f  t h e  Wes t e r s che lde ,  accr e t ion



478

A

YEAR

H a l im io n e
p o r t u l a c o i d e s

Î
P u c c in e l l i a
m a r i t i m a

t

A s t e r
tr ipo l iu m

Î

Y E A R

6

S u a e d a  1
m a r i t i m a

B

YEAR

3 A r t e m i s i a
m a r i t i m a

Y E A R

3

2 S u a e d a  S u a e d a  + A s t e r  5
m a r i t i m a  m a r i t i m a  t r ip o l iu m

H a l im io n e
p o r t u l a c o i d e s

A s t e r
tr ip o l iu m

S u a e d a
m a r i t i m a

Y E A R

0 H a l im io n e
p o r t u l a c o i d e s

i E ly tr ig ia  \ 
I p u n g e n s  I 
P u c c i n e l l i a  

m a r i t i m a

t
A s t e r

t r ip o l iu m

S u a e d a
m a r i t i m a

A s t e r
tr ip o l iu m

S u a e d a
m a r i t i m a

+
S a l i c o r n i a  ’ 
e u r o p a e a  .

YEAR

12

10

P u c c i n e l l i a  g  
m a r i t i m a
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c an  be  e x p ec t ed  a s  a resul t  o f  h u m a n  i n t e r f e r ence  
(d r edg ing )  w i t h  e s tu a r i n e  hy d ro logy ,  so t h a t  thi s  
f a c t o r  in its t u r n  can  i n t er fe re  w i th  c l i ma t i c  an d  
p l a n e t a ry  in f luences  to  a  g rea t  extent .

A  s e co n d  g r o u p  o f  e n v i r o n m e n t a l  im p ac t s  on  the 
s a l t - m a r s h  veg e t a t i o n  is f o r m ed  by n a t u r a l  d i s t u r ­
bances .  T h e y  a re  ma i n ly  ini t i ated by exce p t i o na l  
c l imat i c  inf luences :  pe r i ods  o f  ex t r em e  coldnes s  
s u ch  as  in t he  1961-62 winter ,  l ong  pe r i ods  o f  r a i n ­
fal l  r e s u l t i ng  in w a t e r l og ged  o r  even i m m e r ge d  c o n ­
d i t i ons ,  ve ry  ho t  a n d  d ry  pe r i ods  ra i sing  soi l  sal ini ty 
t o  ex t r em e l y  h igh  values .  Al l  these types  o f  d i s t u r ­
bance  m a y  resul t  in d i e - back  p h e n o m e n a  in p l an t  
p o p u l a t i o n s ,  sensi t ive to  t hose  cond i t i o ns ,  l eav ing  
p a t ch e s  o f  ba r e  soi l  o n  wh ich  a s e c o n d a r y  succe s ­
s i o n  will r u n  (Fig.  3). F r o m  such  succes s ion  series 
e x a m i n e d  in p e r m a n e n t  p lo t s  laid o u t  in di f ferent  
s a l t - m a r sh  c o m m u n i t i e s  a  s cheme  was  dev e loped  
sh ow ing  (a)  t h a t  d i s t i nc t  species (m a in ly  Sa lico rn ia , 
S u a ed a , A s te r , P u cc ine llia  m a r itim a  a n d  G la u x)

a r e  a c t i ng  i n  s ec on da ry  succes s ion ,  a n d  (b) t ha t  
s e c o n d a r y  succe s s ion  is b e c o m i n g  m o r e  com pl ex  
r u n n i n g  f r o m  the p ionee r  c o m m u n i t i e s  on  t he  m u d  
f la ts ,  ov e r  t h e  P u cc in e llio n  c o m m u n i t i e s  in the 
m id d l e  sal t  m a r s h  to  the A r m e r io n  c o m m u n i t i e s  in 
t he  u p p e r  m a r s h  (Fig.  4).  Th e se  g a p  fi llers are  d is­
t i nc t  in  t h e i r  eco logy f r o m  o t h e r  s a l t -m a r sh  species 
( left  in Fig.  4)  which  s eem to  be especi al l y sensi t ive 
to  t he  i m p a c t  o f  the t ides a n d  s ed i me n t a t i on .

T h e  las t  p o i n t  in this s t u d y  on  v eg e t a t i o n  d y n a m ­
ics dea l s  w i t h  anc i en t  h u m a n  i n t e r f e rences  fo r  agri­
cu l t u r a l  a n d  civi l - technical  p u r po se s  (see al so  Beef­
t i nk  et a l., 1978b).  These  effects a r e  i l lu s t ra t ed ,  as an  
ex a m p l e ,  w i t h  an  e x p e r i m e n t  s t a r t e d  1971 in a  P uc­
c in e llie tu m  m a r it im a e  c o m m u n i t y .  T h e  t r e a t m en t s  
we re  (A)  c o n t r o l  ( on ly  s l ight ly  t r a m p l e d ) ,  (B) m o w ­
ing  a n d  r e m o v i n g  t he  cu t  g r as s  e ach  year ,  (C)  cove r­
i ng  w i th  a  so i l  layer  o f  10-15 cm  a f t e r  m o w i n g  the 
sw a rd  in w i n t e r  1971-72 ,  ( D )  cu t t i n g  sods ,  a nd  
(E)  e x c a v a t i n g  25 c m  in w in t e r  1971-72.  Tab le  4
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Fig. 4. Interrelationships between plant populations  and com m unities  in the salt-marsh ecosystem  in relation to environmental  
dis turbances .  The arrows indicate sequences  o f  developm enta l  stages in secondary succession after disturbance. The species at the left 
side did not react on the types o f  disturbance examined.  After Beeftink (1979) reproduced by permission of  Blackwell.

T a b le  4. C over/ab u n d an ce  est imates (A ugu st  1971) according  
to  D o in g  Kraft (1954) on  the plant species grow ing  in the exper­
im ental plots  before interferences with managem ent measures.  
Location: S troodorpepolder  salt marsh (Oosterschelde).  A =  
control,  B =  mowin g,  C =  soil supply,  D  =  cutt ing sods,  E =  
ex ca v a t io n  (com pare  Fig. 5). Start o f  the experim ent winter  
1971-72.
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sho ws  t h e  f lor is t ic c o m p o s i t i o n  o f  t he  plot s  before  
s t a r t i n g  t he  e x pe r i m e n t .  T h e  ve ge t a t i on  va r i ed  only 
sl ight ly.  On ly  p lo t  E  ( ex cav a t i ng )  de v i a t ed  s o m e ­
w h a t  o w in g  t o  a s l ight ly  h igh e r  pos i t i on  ( s o m e  cm) 
w i th  r espec t  t o  t he  o t h e r  plots .  I n  F ig u re  5 the 
im p ac t  o f  t h e  fo u r  m a n a g e m e n t  mea su re s  a r e  de ­
p icted.  On ly  those  species  a r e  i nc luded  in t he  g r aphs  
wh ich  sh o w ed  ev ident  effects.

T h e  c o n t ro l  p lo t  (F ig .  5a)  sh ow ed  a n  an t agon i s t i c  
b e h a v io u r  o f  P u cc in e llia  a n d  T rig lo ch in , c o m p a r a ­
ble w i th  t h e  b e h a v i o u r  o f  t he s e  speci es  in plot  
N o .  1 in  T a b l e  3 a n d  p r o b a b l y  al so  ca u se d  by  t ida l  
var i a t i ons .  S u a e d a  f o l l o we d  rou gh ly  T rig lo ch in  in 
its c o v e r / a b u n d a n c e  f l uc tu a t i on ;  H a lim io n e  f aded  
aw ay .  M o w i n g  (F ig .  5b)  r esu l t ed  in a n  ev iden t  i n ­
c rease  o f  T rig lo c h in , u l t im a t e ly  a t  t he  cos t  o f  P u c­
cinellia , L im o n iu m  a n d  S p a r tin a .  S u p p l y  o f  soil 
(Fig.  5c) gave  rise t o  a  su b s e q u e n t  i ncr ease  an d  fall

J u n c u s  g e r a r d i i

'G l a u x  m a r i t i m a
S a g m a  m a  
P a r a p h o l i s

T r ig lo c h i n

S u a e d a

J u n c e f u m  g e r a r d i i

A r t e m i s i e t u m  m a r i t i m a e  ■*------------------ ^ —
( I n c l  F e s t u c a  r u b r a  ) \  N , m a r i t i m a

H a l i m i o n e t u m
( S a l i c o r n i a  )

- P u c c i n e l l i a  m a r i t i m a

P u c c i n e l l i e t u m  m a r i t i m a e t r i p o l i u m

A s t e r  t r i p o l i u m  c o m m u n i t y m a r i t i m a  

S a l i c o r n i a  s t r i c t a

S a l i c o r n i aS a l i c o r n i e t u m  s t r i c t a e

S p a r t i n e t u m

s t r i c t a

S p a r t i n a  s p p  

Z o s t e r a



480

1 0 0 .

'9  '80  '81 '82  '8371  '72  '7 3  '74 '5  '76 '77 '8

100 .

'72  7 3 '7 5  '7 6  '7 7  '7 8  '79  '80  '81 '82  '8371 74

100.

2 0 .

'72  '7 3  7 4  7 5  '76  '77  7 8  '79  '80  '81 '82  '83'71

1 0 0 .

—  6 0 .

O

'72  '73  '74 '75  '76  '77  '78  '79  '80  '81 '82 '83'71

P u c c i n e l l i a  m a r i t im a  
Lim onium  v u l g a r e  
T rig loch in  m a r i t im a  
S p a r t i n a  a n g l i c a  
H a l im io n e  p o r t u l a c o i d e s  
S a l i c o r n i a  e u r o p a e a  
S u a e d a  m a r i t im a  
A s t e r  tr ipo l iu m  
Total c o v e r

Fig. 5. Effects o f  hum an interferences for agricultural or c iviltechnical  purposes in the salt marsh exampli fied for a  P u cc in e llie tu m  
m a r it im a e  com m u n ity  o f  the S troodorpepolder salt marsh (O ost  erschelde) . T  reatments: A. Control  (o n ly  slightly trampled).  B. m owing  
and rem oving  the cut grass each year. C. Coverin g with a  soil  layer o f  10-15 c m  after m ow in g  the sward, d. Cutt ing sods,  and  
E. E xcavat ing 25 cm. Start o f  the experiment winter 1971-72.

o f  S u a e d a  a n d  P u cc in e llia , f o l l owed  by  a l ong e r  
l a s t i ng  i ncr ease  o f  H a lim io n e  c h a n g in g  the  v eg e t a ­
t i o n  t o w a r d s  a  H a lim io n e tu m  p o r tu la c o id is  p h y t o ­
coeno se .  T h e  h igh  densi t i es  o f  P ucc in e llia  in 1973-  
76 caused  a t e m p o r a l  decr ease  in T rig lo ch in , S u a e ­
d a  a n d  S a lic o rn ia . L im o n iu m  suf fered  f r o m  soil 
su p p l y  as  such ,  j u s t  like P uccinellia  a n d  S u a e d a  in 
t h e  f i rst  y e a r  a f t e r  soil  supply.  S p a r tin a  s l ight ly  
i nc r ea sed  a n d  ma in t a i ned .

C u t t i n g  s o d s  (Fig.  5d)  w h ic h  in  f ac t  mean s  t he  
r e m o v a l  o f  h ib e r na t i ng  buds ,  seed b a n k s  an d  n u t ­
r i ents  a n d  a n  i ncr ease  in t he  f r eq ue nc y  o f  f l ood ing  
p r o m o t e d  t he  ex t e n s i o n  o f  P u cc in e llia  heavily,  an d ,  
in a s l ow er  pace ,  t h a t  o f  S p a r tin a . L im o n iu m  a n d  
T rig lo ch in  h a d  no  c ha n ce  fo r  r e cove r ing ,  co n t r a ry  
t o  S u a e d a  wh i ch  m a i n t a i n e d  a t  h ig he r  densi t ies  
a f t e r  a n  in i t i al  fall.  E x c a v a t i n g ( F i g .  5e) h a d  a  m or e  
v io l en t  i m p a c t  g iving  a sh a r p  rise a n d  fal l  in densi t y
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to  Sa lico rn ia , A s te r  an d  P ucc in e llia  successively.  
T h e s e  f l uc t ua t i on s  wen t  t o g e t h e r  w i th  a s t e a d y  in­
c rea se  o f  S p a r t in a  c h an g i ng  t he  ve ge t a t i o n  mor e  
em p ha t i c a l l y  t o w a r d s  a S p a r t in e tu m  c o m m u n i t y  
t h a n  in  t he  case o f  cu t t i ng  sods .

Al l  t hese en v i r o n m e n t a l  r e l a t i ons  clar i fy  succes­
s i o na l  t r en ds  in  t he  sal t  ma r s h  so f a r  t h a t  t hey  st ress 
t h e  local  hyd ro lo g i c a l  con d i t i on s  as  a p a r a m o u n t  
f a c to r .  L o w e r in g  t he  soil  su r f ace  by  ex c av a t i n g ,  or  
shee t  e ro s ion ,  a n d  ra i sing  it by  soi l  supp ly ,  o r  s ed i­
m e n t a t i o n ,  give rise to  r eg ress ion  resp.  success ion.  
Bu t  a l so  ch an ges  in t he  t i da l  f a c to r  show s imi la r  
shi f ts  in t he  vege t a t i on  co m p o s i t i o n .  A  s econd  
po in t  is t h a t  e ach  species a p p e a r s  t o  have  its own  
cha r ac t e r i s t i c  r e s pon se  on  t hese  hyd r o l og i ca l  c o n ­
d i t i ons  i n t e r f e r i ng  on  the p o p u l a t i o n  level. T h i s  is 
ref lected in d i f fe ren t  aspec t s  o f  t he  life cycle: the 
h y d r o c h o r i c  d i spe rs a l  o f  seeds ,  su ch  as  in S a lic o r ­
n ia , S u a ed a , A tr ip le x  an d  A s te r  (Bee f t i nk ,  1985; 
H u i s k e s  e t a l., 1985),  t he  ef f ec t  o f  w a v e  ac t i o n  on  
t h e  seedl ings  a n d  j uveni l e  p l an t s ,  su ch  as  in S a lic o r ­
n ia , S u a ed a , S p a r tin a  a n d  A s te r  ( G ro en e nd i j k ,  
1985; v a n  Ee rd t ,  1985),  g e r m i n a t i o n  in  re l a t i n  to 
d e p o s i t i o n  o f  s an d  an d  silt, i l l u s t r a t ed  by  A.  Beef­
t i n k  (1985) in P la n ta g o  a n d  L im o n iu m ,  a n d  the 
s ens i t i vi t y to  t ox i fy ing  agen t s  a n d  n u t r i e n t  ava i l a ­
b i l i ty  in r e l a t i on  to  t he  r ed o x  p o t e n t i a l  o f  t h e  soil  
f o u n d  in d i f fe ren t  species (G ro e n e n d i j k ,  1985; Ha -  
vil l  e t a l., 1985; R o z e m a  e t a l ,  1985; S i n g e r  & 
Havi l l ,  1985).

Besides the t ida l  fac tor ,  n a tu r a l  c l imat i c  d i s t u r ­
b an c es  in t he  veg e t a t i o n  c a n o p y  i n duc e  pa t ch - l i ke  
s e c o n d a r y  succes s ion  series (Bee f t i nk  e t a l ,  1978a, 
Beef t ink,  1979),  a nd  m a n  a n d  large he rb ivo re s  m o d ­
ify t h e  s t r u c t u r e  an d  c o m p o s i t i o n  o f  v e g e t a t i o n  a t  
d i f f e r en t  scales  by  t he i r  m a n a g e m e n t  me a s u re s  an d  
va r i ed  g r az ing  p r e s su re  ( B a k k e r  et a l ,  1983; B a k ­
ke r ,  1985; V es t e r gaa rd ,  1985). Al l  t he se  e n v i r o n ­
m en t a l  d i s t u rb an ce s  a nd  p roce s se s  c an  s t imu la t e  
t h e  g e n e r a t i o n  t u r n o v e r ,  o r  a t  l eas t  i n f l uence  age  
d i s t r i b u t i o n  spec t r a  in pe r enn i a l  species .  A n  i n t r ig ­
u in g  p ro b l e m  to  solve is h o w  these r eac t i ons  are 
a m o n g  t h e  species  a n d  t ypes  o f  e n v i r o n m e n t a l  
c h a n g e ,  a n d  w h a t  the i r  im p ac t  is on  gen e  f l ow  and 
gene t i c  va r i ab i l i ty  in re l a t i on  t o  t h e  m a i n t e n a n c e  o f  
p o p u l a t i o n s  (cf. G ray ,  1984). T h i s  all  m a k e s  spat ia l  
a n d  t e m p o r a l  r e l a t i ons  in t he  s a l t  m a r s h  ve ry  c o m ­
p lex ,  even  t h o u g h  on ly  few speci es  o f  h ig h e r  p lan ts  
a r e  i nvo lved in this  ecosys tem.

H istory  o f  salt-m arsh vegetation  (syn ch ron o logy)

Since  pos tg l ac i a l  t imes  s a l t - m a r sh  vege t a t i on  
do es  n o t  s eem to  have  c h a n g e d  subs t an t i a l l y  in 
f lor is t ic  co m po s i t i on .  Po l l en  a n d  seed r eco rds  p r o ­
d u c e d  by B a k k e r  & v an  S m e e r d i j k  (1982) f r o m  the 
I l pe rveld  suggest  a vege t a t i on  p a t t e rn  befo re  ab o u t  
4600 BP  c o m p a r a b l e  wi th  t h a t  in r o m a n  t imes .  An d  
Beh re  ( 1976) r e p o r t e d  t h a t  s a l t - m a r s h  co m m un i t i e s  
w h ic h  occu r r ed  a r o u n d  ( p o s t ) R o m a n  s e t t l ement s  in 
N W G e r m a n y  p r o b a b l y  did no t  di f fer  f r om  p resen t -  
d a y  commu n i t i e s .  Ho we ve r ,  cha ng es  in s a l t -ma r sh  
d e v e l o p m e n t  a r e  ev iden t  t h r o u g h  (pr e )h i s t o r i c  
t imes .  Peth i ck  (1980) po i n t ed  ou t  t h a t  in N o r th  
N or fo l k  sal t  ma r s h es  a co i nc idence  exis ts  be tween  
m a r s h  i nc ep t i on  a n d  a  m o d e r a t e  sea level rise,  su g ­
ges t i ng  t h a t  s a l t -m a r s h  d e v e lo p m e n t  occu r r ed  p a ­
rallel  to  the successive pe r i ods  o f  s ea  level rise.

Th i s  br i ngs  us to  t he  qu es t i o n  ho w  t em pe ra t e  
coa s t a l  h a lo p h y t e  vege t a t i on  surv ived  glacial  t imes.  
I t  is well  k n o w n  t h a t  such  v e g e t a t i o n  needs  mar ine  
sup ra l i t t o r a l  silt depos i t s .  Sa l i ne  m a r s h  fo r m a t i on s  
deve lop  ma in ly  in t he  n e i g h b o u r h o o d  o f  r ivers as 
es t ua r i ne  an d  de l t a i c  depos i t s  bui l t  u p  u n d e r  the 
i n f l uence  o f  f l uvia l  silt d i s charge .  M o r e  rare ly,  they 
ca n  be f o r m e d  in coa s t a l  bays  as  a re su l t  o f  r e ­
w o r k e d  ma te r i a l s  o r i g ina t ed  f r o m  e ro d i n g  clay 
b a n k s  a n d  o t h e r  an c i en t  dep os i t s  in  f r on t  o f  the 
coas t l i ne .  W o l f f  (1972)  a rg u ed  t h a t  d u r i n g  t he  last 
g lac i a t i on  all p r e s en t - da y  r ivers  o f  N W  E u ro p e  
we re  t r i bu t a r i e s  o f  one  e n o r m o u s  s t r e a m  d i s c h a rg ­
ing i t sel f  in t he  A t l an t i c  O c e a n  s o m e w h e r e  to  the 
west  o f  t he  p r e s e n t - d a y  e n t r a n c e  o f  t he  Engl i sh  
Cha nn e l .  S im i l a r  e s t u a r i ne  a r ea s  we re  fo u n d  in the 
Loi re  a n d  t he  G a r o n n e - G i r o n d e  sys tem.  T h e  ne a r ­
est r i ver  mo u t h s  t o  the s o u t h  were  a t  the  west  coas t  
o f  t he  Ibe r i an  Pe n in s u l a ,  s e pa r a t e d  f r o m  the  fo r m e r  
by  ca 600 k m  o f  s teep  an d  r oc ky  coas t s .  It can  
t he r e fo r e  be a r g u e d  t h a t  sa l i ne  m a r s h  f o r m a t i o n s  
we re  m o r e  d i s j u nc t  a nd  m o r e  sca r ce  in  glacial  t imes  
t h a n  a t  present .

A n o t h e r  f e a t u r e  was t h a t  d u r i n g  glacial  t imes  the 
large a r eas  o f  c o n t i n e n t a l  p l a t fo rm s  a n d  t he  po l ar  
de se r t  c l imat e  ( v a n  de r  H a m m e n ,  1979) a l l ow the 
f iner  mo r a in e  f r ac t i o ns  to  be  t r a n s p o r t e d  ma in ly  by 
wind.  Th e r e fo r e ,  glac i al  r ivers  d i s cha rged  possibly 
relat ively m o r e  coa r s e  ma t e r i a l s  t h a n  r ivers  do 
u n d e r  w a r m e r  a n d  m or e  h u m i d  cond i t i on s .  F o r  
t h a t  r e a s o n  it  m a y  be a s s u m e d  t h a t  co a s t a l  silt
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d ep o s i t s  were  also less e x t e nd e d  in  glacial  t imes  
t h a n  in t h e  last  mi l lennia .

A l t h o u g h  less in n u m b e r  a n d  ex t e n s io n  those  
h a b i t a t s  cou ld  still be sui t ab l e  refuge  a r ea s  f o r  t e m ­
p e ra t e  coas t a l  ha l o ph y t e s  d u r i n g  glacial  t imes .  
T h e i r  f unc t i on ing  as such will d e p e n d  m a i n l y  on  the 
m i n im a l  r eg ene ra t i on  a r ea  r e qu i r ed  fo r  m a i n t a i n ­
i n g  each  o f  t he  species p o p u l a t i o n s  su rv ived  ( B a r k ­
m a n ,  1984),  a n d  on  t h e  ef fec t i veness  o f  t he  dias -  
po re s  to  be d isper sed  over  l ong  d i s t ance s  a l o n g  the 
coa s t  by  sea cu r r en t s  o r  birds.

It is t he r e fo r e  w o r t h  e x a m i n i n g  t h e  a l t e rna t i v e  of  
t a k i n g  refuges in coa s t a l  si tes,  i.e. t e m p e r a t e  ha lo-  
p h y t e  species  c ou l d  a l so  have  f o u n d  s u ch  a r e a s  in 
i n l a n d  hab i t a t s .  T h i s  poss ibi l i t y  is s u p p o r t e d  by the 
vi ew u p o n  glacial  life c o nd i t i o ns  p u t  f o r w a r d  by  van  
d e r  H a m m e n  a n d  c o l l a b o r a t o r s  ( v a n  d e r  H a m m e n  
e t a l., 1971; v an  d e r  H a m m e n ,  1979).  T h e y  a rgued  
t h a t  in i n t erg lacia l  p e r i ods  t h e  h u m i d  c l ima t e  
t u r n e d  t he  vege t a t i on  t o  c l osed  w o o d s  a n d  t h e  soils 
t o  i ncr eas ing ly  acid.  T h e  cool  t o  co ld  a n d  d ry  glacial  
pe r i ods ,  on  t he  c o n t r a ry ,  p r o m o t e d  a  regr ess ion  
t o w a r d s  op en  s t eppes  a n d  t u n d r a s ,  o r  even  po l a r  
dese r t s ,  a n d  the soi ls b e c o m i n g  incr eas ing ly  a l k a ­
l ine,  loca ly a d m i t t i n g  ce r t a i n  sa l ine  c o n d i t i o n s  (Fig.  
6).  I nd ee d ,  d r o u g h t  a n d  f ros t  s t resses  s eem  to  have 
s i m i l a r  effect  as sal ini ty  by  ac t i ng  u p o n  ce l l ular  
m e m b r a n e s  o f  ha l o ph y t e s  i nc r ea s ing  bo th  t r a n s p i ­
r a t i o n  a n d  t h e  a c c u m u l a t i o n  o f  sal t  w i th in  cells 
(V ie i r a  da  Si lva,  1978).

It co u ld  t he r e fo r e  be  hy p o t h e s i ze d  t h a t  du r i n g  
i n t ergl ac i a l  pe r i ods  -  as  in m o d e r n  t imes  -  sea level 
r ises,  t o g e t he r  wi th  a n  en h an ce d  s ed im en t  d i s charge  
by  t he  r ivers,  p r o m o t e d  the d e v e l o p m e n t  o f  coa s t a l  
s a l t - m a r s h  vege t a t i on .  I n  g l ac i a l  pe r i ods ,  howeve r ,  
h a lo p h y t e s  sh ou l d  have f o u n d  re fuge a r ea s  o n  m or e  
s o u t h e r l y  coa s t a l  hab i t a t s  a n d  o n  i n l and  a lka l i ne  
soils.

Yet  it r em a ins  qu e s t i o n a b l e  w h e t h e r  sa l i ne  soi ls 
a r e  a d e q u a t e ly  w id esp re ad  in t he  i n t e r i o r  du r i ng  
glac i al  t imes ,  e i t her  over  p e r m a f r o s t  (M o n o s z o n ,  
1967; Bell ,  1969) a n d / o r  by  eol ic sal t  t r a n s p o r t  f r om  
the  seas  (Tol s t ow ,  1964, in F renze l ,  1968). H a l o ­
ph y t e s  r equ i r e  m o r e  e n v i r o n m e n t a l  c o n d i t i o n s  fo r  
su rv iva l .  O n e  o f  t h e m  is a h igh  l ight  in t ens i ty  o f  the 
h a b i t a t  c om b i n e d  wi th  a  low c o m p e t i t i o n  p re s su re  
f r o m  g lycop hy t i c  f o rms .  T h i s  was  f a v o u r e d  by the 
o p e n  c h a ra c t e r  o f  t he  glac i al  s t ep pe  a n d  de se r t  vege­
t a t i on .  A d a m  (1977) t h e r e fo r e  s t r e ss ed  t h e  i m p o r ­
t a nc e  o f  this  f a c t o r  especi al l y wi th  r espec t  t o  the

the n  m u c h  m o re  w id esp re ad  A rm e r ia  m a r it im a  and  
P lan tago  m a r itim a .

A n o t h e r  f a c t o r  g o v e rn i n g  i n l and  h a lo p h y t e  dis­
t r i b u t i o n  c ou l d  be t he  c o n t e n t  o f  b o r o n  which  
s eems to  be ev ident l y  h ighe r  in sa l i ne  an d  re la t­
ed soi ls (Breckle ,  1975). G o o d m a n  ( 1973) indi ca ted  
b o r o n  as  a n o t h e r  f a c t o r  in t he  su rv iv ing  m e c h a ­
n i sms  r eq u i r ed  by  p l a n t s  in  t h e  sal t  de se r t  in  U tah .  
T h o se  ha lophy t e s ,  such  as  A tr ip le x  n u tta llii , even 
s h o w  eco typ i c  d i f f e r en t i a t i o n  w i th  r espect  to  bo th  
sal t  a n d  b o r o n  t o l e rance .  S c h a r r e r  & K ü h n  (1955) 
f o un d  h igh  b o r o n  t o l e r ances  in C he no po d i a ce ae ,  
a n d  l owe r  t o l e r a nce s  in L e g u m i n o s a e  en  G ram i -  
neae.  Breckl e  (1975) s h o w e d  t h a t  i n l and  ha lophy t e  
species  f r o m  U ta h  have  s igni f i cant l y di f ferent  o p ­
t i m u m  ranges .  He hy po th e s i ze d  t h a t  t he  co m p o s i ­
t i o n  a n d  pa t t e r n  o f  vege t a t i on  a re  n o t  on ly  de t e r ­
mined  by  t h e  d i s t r i bu t i o n  o f  sal t  in t he  soil b u t  also 
by t h a t  o f  b o ro n .

T he se  c o n s i d e r a t i o n s  sugges t  t h a t  a  l ow  c o m p e t i ­
t i on  level c o m b i n e d  w i th  l ow  t e m p e r a tu r e s  in an  
a lka l i ne  e n v i r o n m e n t  c ou l d  pe rh a p s  m o r e  o r  less 
c o m p e n s a t e  the t e m p e r a t e  sa l in i ty  c on d i t i on s  for 
h a l o p h y t e  su rv iva l ,  o r  -  as  sugges t ed  by R o z e m a  
(1978):  sa l ine  ha b i t a t s  a r e  safe si tes o r  refuges for 
h a lo p h y t e s  because  g ly co ph y t e s  h av e  no  o r  only  
li t t le e co log ica l  poss ib i l i t ies  f o r  i n v ad in g  a n d  g r o w ­
ing in such  hab i t a t s ,  o r -  in o t h e r  words :  ha loph y t e s  
do  no t  s t r ic t ly need t he  p r e s en t -da y  sa l ine  habi t at s ;  
u n d e r  o t h e r  c l ima t i c  co nd i t i o ns  t hey  co u ld  pe rhaps  
a l so  m a i n t a i n  in o t h e r  ha b i t a t s ,  e i t her  pa s t  o r  p res ­
ent ,  w he r e  n o n - h a l o p h y t e s  have  a l owe r  relat ive 
g ro w th  rate.

C onclusion

H a r p e r  (1982)  r i gh t l y  s t a t e d  t h a t  t he  p hy to s oc i ­
o log is t  has  a g e o g ra p h i c a l  r a t h e r  t h a n  a f unc t i on a l  
a p p r o a c h ,  a n d  is in t e r es t ed  in  species  a n d  a r ea  r a t h ­
e r  t h a n  in  i ndiv idual s  a n d  pa t t e rn .  Th i s  d i f ference in 
a t t i t ud e  is be g i n n i ng  t o  f ade  aw ay ,  b u t  m u c h  has 
still to  be  ach i e ve d  fo r  a  w o r k i n g  i n t e g ra t i o n  o f  
b o th  g e o b o t a n i c a l  a p p r o a c h e s .  Th i s  is i l l us t r a t ed  in 
a  r e cen t  p a p e r  o f  va n  d e r  M a a r e l  (1984 ) w h o  c o m ­
p a re d  p o p u l a t i o n  b io logi ca l  i t ems  de r i ved  f r om  
H a r p e r ’s (1977) s t a n d a r d  w o r k  w i th  c o r r e s po nd in g  
syneco log ica l  a p p r o a c h e s .  S u c h  c o m p a r i s o n s  will 
help  t o  e n c o u r a g e  new s tud i e s  w he r e  t hey  a r e  mos t  
needed  t o  u n d e r s t a n d  s t r u c tu r e  a n d  fu n c t i o n i n g  of
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ex i s t i ng  sa l t  ma r shes ,  bu t  a lso to  des ign  new  coas t a l  
e n v i r o n m e n t s  f o r  en sur ing  a d e q u a t e  s t epp ing  s t ones  
in  t hese very  charac te r i s t i c  b iota .
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