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ABSTRACT: Although supralittoral salt marshes are habitats of high environmental instability, the 
meiofauna is rich in species and abundance is high. The community structure of free-living 
Plathelminthes (Turbellaria) in these salt marshes is described. On an average, 104 individuals are 
found below an area of 10 c m  2. The average species density in ungrazed salt marshes is 11.3 below 
1 0  c m  2 and 45.2 below 100 cm 2, indicating strong small-scale heterogenity. The faunal similarity 
between sediment and the corresponding above-ground vegetation is higher than between adja- 
cent sample sites. Species prefer distinct ranges of salinity. In the lower part of the supralittoral salt 
marshes, the annual fluctuations of salinity are strongest and highly unpredictable. This region is 
richest in plathelminth species and abundance; diversity is highest, and the faunal composition of 
parallel samples is quite similar. In the upper part of the supralittoral salt marshes, the annual 
variability of salinity is lower, plathelminths are poor in species diversity and abundance. Parallel 
samples often have no species in common. Thus, those salt marsh regions with the most unstable 
environment are inhabited by the most diverse species assemblage. Compared to other littoral 
zones of the North Sea, however, plathelminth diversity in salt marshes is low. The observed 
plathelminth diversity pattern can apparently be explained by the "dynamic equilibrium model" 
(Huston, 1979). 

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

Loca ted  at the  e d g e  of t he  sea, salt  m a r s h e s  a r e  hab i t a t s  of ha r sh  e n v i r o n m e n t a l  

condi t ions ,  such  as salinity,  t e m p e r a t u r e ,  a n d  s u b m e r s i o n .  H e a v y  ra infa l l  c a n  c o n v e r t  
supra l i t tora l  m a r s h e s  in to  t r ans i en t  f resh  w a t e r  b io topes ,  a n d  e v a p o r a t i o n  m a y  ra i se  

sal ini ty  to ove r sa tu ra t ion .  T h e  s e d i m e n t  m a y  c o m p l e t e l y  d e s i c c a t e  in s u m m e r ,  a n d  
du r ing  ga le s  the  m a r s h e s  m a y  be  f l ooded  for s eve ra l  days.  Thus ,  salt  m a r s h e s  a re  

c o n s i d e r e d  as e x t r e m e  hab i t a t s  for all  mar ine ,  l imnic,  a n d  te r res t r ic  spec ies ,  a n d  

divers i ty  shou ld  be  low. 

H o w e v e r ,  103 spec i e s  of P l a t h e l m i n t h e s  h a v e  b e e n  f o u n d  in t he  N o r t h  S e a  salt  
m a r shes  of the  i s l and  of Sylt  (Armonies ,  1987). To r e so lve  this p a r a d o x  of h i g h  spec i e s  

n u m b e r s  in such  an u n s t a b l e  e n v i r o n m e n t ,  e x p e r i m e n t s  w e r e  c o n d u c t e d  (Armonies ,  

1986). The  abi l i ty  to e n c y s t  p r o v e d  to b e  t he  m a i n  a d a p t a t i o n  to su rv ive  s e v e r e  f luc tua-  

t ions of salinity,  t e m p e r a t u r e ,  o x y g e n  avai labi l i ty ,  and  humid i ty .  Sa l in i ty  is a p p a r e n t l y  
the  ma in  factor  c a u s i n g  d i s t r ibu t ion  pa t t e rns :  mos t  of t he  a b u n d a n t  salt  m a r s h  p l a the l -  

min ths  s h o w e d  c lea r  co r re l a t ions  b e t w e e n  a b u n d a n c e  a n d  salinity.  Thus ,  i n d i v i d u a l  

spec ies  occur  w i th in  d is t inc t  r a n g e s  of salinity,  a n d  s o m e  show,  s imilar ly,  spec i f ic  
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tempera ture  preferences  (Armonies 1986, 1987). Sites or periods with salinity and  
tempera ture  in the preferred range  cause spec imens  to be  active. Unfavourabte  condi- 
tions are e n d u r e d  or avoided in protective cysts. 

Because of encystment ,  rapid changes  in p la the lminth  activity can be  observed. 
Every change  in  env i ronmen ta l  factors will cause some individuals  to encyst, while 
others may leave their cysts and  become active. However,  env i ronmenta l  condit ions are 
highly patchy in distribution, and  they are observed to change  at short-term. Thus, 
corresponding small-scale and  short- term variat ions in communi ty  structure are to be 
expected. As encys tment  allows the p la the lminths  to wi ths tand unfavourable  conditions, 
the communi ty  should be most complex in the sites with most variable envi ronmenta l  

factors. 

MATERIAL AND METHODS 

An ungrazed  suprahttora] salt marsh north of Kampen  (island of Sylt, North Sea) was 
sampled  4 times at 3-month  intervals. A complete description of the area is given in 
Armonies  (1987), while here just  a few re levant  features are ment ioned.  

For invest igat ion,  a 100 x 10 m strip of the marsh was chosen. Unhke  other 
supralittoral salt marshes,  this area did not desiccate in summer  but  it always remained  
humid  or even  wet. Thus, it is a m a d n e - h m n i c  rather than  a marine-terrestr ic  transition 
zone. The lower part  of the marsh (20 to 60 cm above m e a n  high tide level) is covered by 
the p lant  association Puccinel l ion mari t imae (cf, Ellenberg,  1978), with the grass Puc- 
cinellia mari t ima (Huds.) as dominan t  species. The vegeta t ion height  is 20 to 50 cm. The 
plant  association Armer ie tum mari t imae covers the upper  part of the marsh. Here, the 
g r aminean  Festuca rubra (L.) and  the j uncacean  Juncus gerardfi Lois. are dominant .  The 
vegeta t ion  height  is 20 to 30 cm. At about  1 m above m e a n  high tide level, the brackish 
water  reed Phragmites australis (Cav.) Trin. ex Stend. occurs. 

The sed iment  sahni ty  of the marsh is inf luenced  by fresh water  influx, sea water 
flooding, precipitation, and  evaporat ion.  Despite floodings, the uppermost  marsh re- 
gions always had a salinity lower than  sea water, and  the salinity was always lower than 
in the lower marsh regions (Fig. 1). At the is land of Sylt, gales are more hkety in winter, 
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Figl 1. Sahnity (S) in the middle (m) and upper (u) part of the plant association Puccinelhon 
mantimae (Pucc.; lower part of the marsh, ]. Pucc., not indicated), and in the ], m, u Armenetum 

maritimae (Arm., upper part of the marsh). Refractrometrical measurement 
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and there is more rain in summer.  Thus, the average salinity is h igher  in winter.  
According to Figure 2 full seawater-sal ini ty  was only observed in the lower and  middle  
Puccinellion, but  rainfall can convert  the entire marsh into a t rans ient  fresh water  
biotope. Thus, the annua l  range  in sahnity is highest  in the lower and  middle  Puccinel-  
lion, and  lowest in the upper  marsh. 
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Fig. 2. Annual mean of salinity (solid line) and annual variability of salinity. Broken lines: the 
values of the lower Puccinellion derived from a smaller number of measurements 

The salt marsh surface is spotted with small depressions,  and  plants  form tussocks. 
Thus, small-scale differences in humidity,  sed iment  composition, detritus content,  and  
related factors such as oxygen availabil i ty occur. Differences in vegetat ive cover alter 
the rate of evaporat ion and  thus inf luence  salinity. Therefore, env i ronmenta l  condit ions 
are highly patchy. The course of salinity (Fig. 2) gives only averages  of this small-scale 
variance, but  the genera l  t endency  is present,  nevertheless .  

The salinity of the thin film of water  a t tached to the aboveground  vegeta t ive  layer 
differs from the sediment  salinity. Slight rainfall or dew will not significantly alter the 
sediment  salinity, bu t  it was observed to cause considerable  changes  in the salinity of 
this thin film of water. Accordingly, evaporat ion causes considerable  changes  in the 
salinity of the vegetat ive cover, but  the sed iment  salinity is only affected over a long 
period of time. As a result, dew, rainfaU and  evaporat ion alter the salinity inside the 
vegetat ion cover aperiodically and  more rapidly. 

At 3-month intervals,  samples were collected at the lower, middle, and  upper  
Puccinellion mari t imae (lower part  of the marsh), and at the lower, middle,  and  upper  
area of Armer ie tum mari t imae (upper part  of the marsh). 10 samples of 5 cm 2 surface area 
each were collected at every site at random. In the upper  part  of Armerietum, however,  
the number  of samples was smaller. Vertically, the samples reached down to the black 
sediment  layer. The anoxic layer be low was not sampled. Med ian  grain size (38 to 59 
~m) was similar at all sites. The organic matter  content  was 22 to 45.5 % of dry weight  
(combustion method). For extraction, the method described by Armonies  & Hellwig 
(1986) was used. It yielded quant i ta t ive  extraction of all metazoan  meiofauna  taxa except  
Nematoda.  
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RESULTS 

Both the salt marsh sed iment  as well as the vege ta t ive  cover  are inhabi ted by 

plathelminths.  Some species  occupy the sed imen t  only, while  others are significantly 

more  often in the vege ta t ive  layer. Therefore ,  sed iment  and vege ta t ive  layer may be 

r ega rded  as structural e lements  of the habi ta t  salt marsh. Depend ing  on the humidi ty of 
the vege ta t ive  layer, more species  were  present  in the sed iment  in June,  December ,  and 

March. Low evapora t ion  and  rainfall in S e p t e m b e r  caused  an increase of species 

numbers  in the vege ta t ive  layer. With the except ion  of March,  sed iment  and vegeta t ion 

toge ther  y ie lded  h igher  numbers  of species  than one  of these  structural e lements  alone 

(Table 1). In all the months  invest igated,  the faunal  similarity b e t w e e n  sediment  and 

Table 1. Plathelminth species numbers in salt marsh sediment (s), vegetation cover (v), and both 
combined {comb). U-test refers to numbers of species in each of the 20 samples of the lower and 

middle zone of the plant association Puccinellion maritimae 

Number of species in - -  U-test - -  
Month s v comb s-v s-comb v-comb 

June 35 32 39 ns p -<0.001 p -<0.01 
Sept 26 33 36 ns p -< 0.01 p -< 0.05 
Dec 42 31 44 p -< 0.01 p -< 0.05 p -< 0.001 
March 43 33 43 p -<0.001 p -<0.05 p -<0.01 

vege t a t i ve  layer  within samples  is h igher  than faunal  similarity b e t w e e n  parallel  

samples  (Table 2). 

When  sed iment  and vege ta t ive  cover  are cons idered  together ,  the highest  numbers  
of species  and the h ighes t  species  densi t ies  are always found in the middle  Puccinell ion 

(Table 3). On average ,  this reg ion  is also r ichest  in individuals  (Table 4}, and the 

diversi ty H' (Shannon-Weaver)  is h ighes t  (Table 5). 

From Figure  2, an ave rage  salinity can be der ived  for every  zone of the marsh. The 
n u m b e r  of p la the lminth  species  found in each  zone  was h ighes t  w h e n  the salinity 

m e a s u r e d  at sample  col lect ion was near  this annual  m e a n  (Fig. 3). The  total number  of 

species found after 4-fold sampl ing  is h ighes t  in the middle  Puccinell ion (Fig. 4), which 

has an annual  m e a n  salinity of 15 %o. If these species numbers  are compared  to the 
annual  variat ion of salinity, a l inear  relat ionship is observed  (Fig. 5). 

The  relat ion b e t w e e n  individual  a b u n d a n c e  and salinity is more complex.  In the 
lower  marsh, the a b u n d a n c e  of individuals  is h ighes t  w h e n  salinity is near  the annual  

Table 2. Renkonen similarity of sediment and vegetation layer (structures) and of parallel samples 
(parallels) of the lower and middle Puccinellion maritimae (in percent) 

June September December March Mean 

Structures 61.3 73.1 45.6 49.0 55.4 
Parallels 44.4 31.6 36.5 38.3 37.7 
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m e a n ,  In  t h e  u p p e r  m a r s h ,  h o w e v e r ,  t h e  c o n t r a r y  is  t r u e  (Fig.  6). T h e  n u m b e r  o f  

i n d i v i d u a l s  f o u n d  is  l o w e s t  w h e n  s a l i n i t y  a p p r o a c h e s  t h e  a n n u a l  m e a n .  H e r e  t h e  

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

a s s e m b l a g e s .  

Tab le  3. P l a t h e l m i n t h  s p e c i e s  n u m b e r s  (50 cm 2 of s a m p l e  surface)  a n d  m e a n  s p e c i e s  d e n s i t y  pe r  10 
a n d  100 c m  2. T h e  v a l u e s  of t h e  u p p e r  A r m e r i e t u m  refer  to a sma l l e r  n u m b e r  of s a m p l e s  

Reg ion  J u n  Sep  Dec  M a r  Tota l  sp /10  cm 2 sp /100  cm 2 

1 Pucc  27 38 27 17 50 15.5 43.5 
m Pucc  30 32 34 35 53 20.3 47.0 
u Pucc  30 27 28 28 45 16.3 41.0 

1 A r m  15 10 11 11 24 6.2 20.5 
m A r m  6 7 4 3 14 1.6 9.5 
u A r m  3 2 3 4 5 1.0 4.3 

Total  49 53 49 48 66 11.3 45.2 

Tab le  4. P l a t h e l m i n t h  a b u n d a n c e  p e r  10 c m  2 of s a m p l e  sur face ,  In t he  u p p e r  A r m e r i e t u m ,  a s m a l l e r  
n u m b e r  of s a m p l e s  w a s  co l lec ted  a n d  this  si te  w a s  e x c l u d e d  h e r e  

Reg ion  J u n e  S e p t e m b e r  D e c e m b e r  M a r c h  M e a n  

1 Pucc  200.2 125.0 71.4 69.4 116.5 
m Pucc  213,4 87.4 295.2 344.0 235.0 
u Pucc  186.0 119.0 80.0 152.6 134.4 

1 A r m  45,8 25.8 17.4 30.6 29.9 
m A r m  24.0 6.6 1.8 1.0 8.3 

M e a n  133 73 92 119 104 

Tab le  5. Divers i ty  H" ( S h a n n o n - W e a v e r ,  In) of t h e  sal t  m a r s h  p l a t h e l m i n t h  f auna .  All v a l u e s  re fer  to 
10 cmz of s a m p l e  sur face ,  b u t  the  v a l u e s  of t h e  u p p e r  A r m e r i e t u m  w e r e  ca l cu l a t ed  f rom a s m a l l e r  

n u m b e r  of s a m p l e s  

Reg ion  J u n e  S e p t e m b e r  D e c e m b e r  M a r c h  M e a n  

1 Pucc  2,06 2.37 1.96 1.91 2.08 
m Pucc  2.09 2.33 1.90 2.14 2.11 
u Pncc  2.08 1.92 2.12 2.09 2.05 

1 A r m  1,61 1.33 1.44 1.24 1,40 
m A r m  0.53 0.66 0.87 0.64 0.67 
u A r m  0.52 0.67 0.74 0.63 

M e a n  of Pucc  2.08 2.21 1.99 2.05 2.08 
M e a n  of A r m  1.07 0.84 0.99 0.87 0.94 
Total  m e a n  1.67 1.52 1.51 1.46 1.54 
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This c h a n g e  is closely re la ted  to the annual  course of salinity. In the lower marsh 

regions,  changes  in salinity are episodic. In the upper  marshes,  however ,  there  is an 

annual  f luctuation of salinity. In summer ,  salinity is lower  than the annual  mean,  and is 

h igher  in winter.  Thus, the annual  m e a n  of salinity is actual ly present  only during some 
days of the year.  When  salinity falls be low the annual  mean,  only those plathelminth 

species  prefer r ing  low salinity are active. Increas ing salinity will diminish their  abun-  
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Fig. 3. Number of plathelminth species and salinity (S) at sample sites. The salinity of the lower 
Puccinellion could not be measured everytime. Therefore, this site was excluded here (see also 

Fig. 1) 
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Fig. 5. Number of plathelminth species per sample site related to the annual variability of salinity 
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Fig. 6. Average plathelminth abundance (individuals below 10 cm 2 of surface area) related to the 
annual mean of salinity at sample sites 

dance. When salinity approaches the a n n u a l  mean,  most of these low-salini ty species are 
present  with few individuals  only. At the same time, some individuals  of species 
preferring higher salinity will be a l ready present.  W h e n  salinity cont inues  to increase,  
the lower salinity species wit] disappear,  and  the species preferr ing higher  salinity will 
become more abundan t ,  Thus, w h e n  salinity has reached the a n n u a l  mean ,  the n u m b e r  
of species is highest  and  the n u m b e r  of active individuals  is lowest (Figs 3, 6). The 
plathelminth fauna  of upper  salt marsh  regions is divided into lower a nd  h igher  salinity 
species. 

The faunal  similarity of the p la the lminths  from the 10 parallel  samples  of each site 
demonstrates  the small-scale he terogeni ty  of the salt marsh env i ronmen t  (Table 6). On 

Table 6. Renkonen similarity (in %) of the plathelminth fauna in parallel samples. Average 
similarity of all combinations of the 10 parallels (only 4-6 parallels in upper Armerietum) 

Region June September December March Mean 

1 Pucc 45.2 32.2 36.1 36.3 37.5 
m Pucc 38.0 32.2 39.7 45.7 39.0 
u Pucc 50.8 30.9 33.2 30.9 36.5 

1 Arm 29.3 39.5 18.2 40.4 32.0 
m Arm 31.7 0.3 0.4 4.4 9.2 
u Arm - - 3.7 7.2 5.5 

Mean 39.0 27.2 21.7 25.8 28.4 

an average, similarity is less than  40 % (Renkonen similarity). The lower marsh sites 
display the largest f luctuations in salinity, and  the faunal  similarity of parallel  samples  is 
highest. If the range  of salinity is high in each sample, differences to others cannot  be  so 
large. In areas with minor f luctuations in salinity (upper marsh), the average similarity of 
parallel  samples is smallest, Here, a slight difference in salinity may cause completely 
different species to leave their cysts and  become active (Armonies, 1986). Thus, the 
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p la the lminth  faunal  composit ion is most stable in sites where  salinity is most unstable  
(Fig. 7). The p la the lminths  of salt marshes  are adapted  to env i ronmenta l  instability 
(Armonies, 1986, 1987). 

DISCUSSION 

E n v i r o n m e n t a l  i n s t a b i l i t y  a f fec ts  s p e c i e s  n u m b e r s  

Salt marsh  p la the lminths  are able to encyst  as soon as the env i ronment  deteriorates. 
Lack of oxygen and  decreas ing water  content  of sed iment  affect all p la thelminth  species 
in a similar way. These factors alter the total p la the lminth  activity more than the species 
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:,. ,. ,~ ,~+  + +  .,++, " . m + " ' ~  ++C++ ~+'l'~__++m':~/N +++++ p +"+++"~ +.,,++ + +  + ~ Y ~ + - "  ~j+-  

• ++....- "- + + +t,. + ~..~.+++~ ~ t ~  

.,+~'- ,~, "¢.+++ X3,,+ ;,,,-+ >.-  ,~p+- 

°PP+~ "°~ I t o : + ~ /  
J "+ m h  t t  

Fig. 7. Annual mean and annual variability of sahnity+ and plathelminth abundance, species 
density, diversity, and the similarity of parallels. Relative scales, from the data given in Tables 3-6 
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composition (Armonies, 1986). In the salt marsh sampled  there were no regular  spatial 
gradients of oxygen or humidity.  There is no difference in t empera ture  b e t w e e n  the sites 
that would explain the faunal  gradient .  

Salinity, therefore, seems to be the most impor tant  factor (Armonies, 1986). With 
regard to the assemblage  of p la thelminths  in the supralit toral salt marshes  of the North 
Sea, env i ronmenta l  instabil i ty is equ iva len t  to changes  in salinity. Individual  species are 
active only when  salinity is in the preferred range,  otherwise they are encysted.  
Therefore, a wide range  of salinity (equivalent  to high env i ronmen ta l  instability) allows 
many  species to fit in at one t ime or another.  Conversely,  lower n u m b e r s  of species are 
expected in taxa that tolerate wide ranges  of env i ronmenta l  factors and remain  active. 

The Oligochaeta seem to tolerate wide ranges  of salinity as well as other factors 
{Giere, 1980; Giere & Pfannkuche,  1982). Consequent ly ,  relatively few species have 
been  found in the salt marshes  of the North Sea (Kossmagk-Stephan,  1985). About  90 
species of Nematoda  have b e e n  recorded from the salt marshes  and  mud  flats of the 
North Sea (Lorenzen, 1969). Because of the similar n u m b e r  of nema tode  and  plathel-  
minth species, a small-scale nema tode  distr ibution pat tern  similar to p la the lminths  is to 

be expected. 

D ive r s i t y  i n  sal t  m a r s h e s  c o m p a r e d  to the  e n t i r e  l i t to ra l  z o n e  

While the salt marsh regions with the more uns tab le  env i ronmen ta l  condit ions (i.e. 
sahnity) display a high diversity of pla thelminths ,  the total diversity of the salt marsh  
plathelminth fauna  is rather low {Table 7). Only occasionally does the p la the lmin th  
diversity in the lower regions of the supralit toral salt marsh reach the /-r-values of an  
adjacent  intert idal  mud  fiat (see Di t tmann  & Reise, 1985). Further  seaward in the tidal 
zone, diversity of p la thelminths  is always higher  than  in the suprahttoral  salt marshes.  

Table 7. Number of plathelminth species and plathelminth diversity (/~, Shannon-Weaver) in tidal 
sediments of the island of Sylt 

Tidal zone H" Species Author 

Supralittoral salt marshes 1.54 103 

Intertidal mud flat 2.10 49 
Intertidal sand flat 3.35 83 
Semi-exposed sand flat 

near low tide level 2.6 59 

Sublittoral sand, 2 years 3.30 121 
3.01 

Armonies (1987 and Table 5) 

Dittmann & Reise (1985) 
Reise (1984) 

Xylander & Reise (1984) 

Wehrenberg & Reise (1985) 

The decreasing l andward  t rend in diversity (H') may be caused  by increas ing  
envi ronmenta l  harshness.  For mar ine  species, the euha l ine  subt idal  zone is certainly 
more favourable than the supralit toral zone. However,  most of the p la the lminths  l iving 
in the supralittoral salt marshes  of the North Sea are brackish-water  species that are 
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absent from the intertidal and subtidal zones of the North Sea. Therefore, the number of 
plathelminth species does not remarkably decrease along the tidal gradient of the North 
Sea (Table 7). 

Salt mar sh  sites c o m p a r e d  for p ta the lmin th  diversi ty 

There are two striking features in the plathelminth diversity pattern of the North Sea 
littoral zone. Firstly, with increasing environmental harshness the average diversity H'  
decreases in landward direction, while the total number of species remains rather high. 
Secondly, within the supralittoral salt marshes increasing environmental instability 
results in increasing diversity (H' as well as the number of species present). Thus, 
environmental instability reduces the diversity in the littoral gradient, but it increases 
diversity within the supralittoral salt marshes. 

This opposing influence of environmental instability is accompanied by a change in 
the plathelminth species composition. The subtidal zone of the North Sea is inhabited by 
marine species, and the plathelminths living in the intertidal are marine species 
presumably able to tolerate intermittent salinity reductions. The supralittoral salt 
marshes, however, are occupied by truly brackish-water species, most of which are not 
found in the intertidal zone (Armonies, 1986). This change from marine to brackish water 
species essentially takes place near mean high tide level (Hellwig, 1987). 

For marine species the increasing fluctuations of salinity mean harsh and unpredict- 
able conditions, and few species are able to tolerate this instability. Therefore, the 
number of marine species constantly diminishes along the tidal gradient. In the supralit- 
toral salt marshes, on the other hand, environmental instability is a permanent feature. 
Thus, adaptation to environmental instability has evolved. For appropriately adapted 
species, environmental instability is no longer restricting. It allows them to occupy a 
habitat where they are free from competition by animals from adjacent zones. 

The dominant plathelminth species of these supralittoral salt marshes of the North 
Sea have been shown to prefer distinct ranges in salinity (Armonies, 1986, 1987). 
Together with encystment this is one of the adaptations which help them cope with 
salinity fluctuations. With these adaptations, a wide range of salinity (equivalent to high 
rates of salinity fluctuations) offers niches to many species. In areas of lower salinity 
fluctuations, as occurs in the uppermost region of the salt marsh, the number of potential 
niches is reduced. Thus, the observed pattern of plathelminth diversity within the 
supralittoral salt marshes of the North Sea seems to be a consequence of salinity 
preferences. 

Looking for a general theory of diversity to explain the plathelminth diversity 
pattern in the supralittoral salt marshes and the littoral zone of the North Sea, the more 
simple models collapse due to the contradictory influence of environmental instability 
on marine and brackish water plathelminths (see Thiery, t982). Because of the high 
environmental instability, the salt marsh plathelminth fauna is unlikely to exist in a state 
of equi~brium. Therefore, the idea that high diversity can only be maintained in a state 
of nonequilibrium is to be included in a general theory of diversity (e.g. Connell, 1978). 

Huston (1979) combined nonequilibrium, environmental instability, and competi- 
tion in his "dynamic equilibrium model", which seems to be able to explain the salt 
marsh plathelminth community structure as well as the decrease in diversity along the 
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littoral gradient.  This mode l  is based  on differences in the rates at which  popula t ions  of 

compet ing species approach compet i t ive  equi l ibr ium. 
The hypothesis  assumes that  most communi t ies  exist in a state of nonequi l ib r ium 

where  compet i t ive  equi l ibr ium is p r even ted  by periodic  populat ion reduct ions  and 

envi ronmenta l  fluctuations. When  compet i t ive  equi l ibr ium is p revented ,  a dynamic  

balance may  be  es tabl ished b e t w e e n  the rate of compet i t ive  d i sp lacement  and the 

f requency of populat ion reduction,  which  results in a stable leve l  of diversi ty (Huston, 

1979). 

The  inf luence of env i ronmenta l  f luctuations on the salt marsh p la the lminth  com- 

munity has a l ready b e e n  demonst ra ted .  Thus, the rate of compet i t ive  d i sp lacement  

should be highest  in those regions  of the marsh which  have  the most stable envi ronment ,  
causing the diversi ty to be  low. High  env i ronmenta l  f luctuations should r educe  the rate 

of compet i t ive displacement ,  and diversi ty should be high. Indeed,  this is the observed  
pattern of diversity, and the level  of diversi ty was stable in every  zone of the marsh (see 

Table 5). Moreover ,  according to Huston ' s  model,  a h igh rate of env i ronmenta l  f luctua- 

tion should cause the rate of compet i t ive  d isp lacement  to be low, and in the salt marsh 

plathelminth fauna there  was no hint  of significant compet i t ion  actually taking place 
(Armonies, unpubl,  data). However ,  there  was also no hint of compet i t ion among  the few 

species l iving in the most  stable uppermos t  zone of the suprali t toral  salt marshes.  In 

addition, abundance  of these species  is low. Thus, a l though the mode l  is able  to g ive  

appl icable  predict ions on the course of diversity, there  is little ev idence  for the invo lved  
causality also be ing  applicable.  
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