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ABSTRACT: On  sandy t idal  fiats at  the  Is land of Sylt (North Sea) ephemera l  mats  of g reen  a lgae 
covered wide  areas in  the vicinity of sewage  outflows. Algae became  anchored  in the  feeding 
funnels  of lugworms (Arenicola marina] and  thus were able  to resist d ispIacement  by  t idal  currents. 
Below the algal  mats anoxic conditions ex tend  to the sediment  surface. After about  one month  a 
rough sea  removed  all algae. Polychaetes  endured  this short- term envi ronmenta l  deterioration, 
whi le  the  more sensi t ive Turbei lar ia  decreased in abundance  and  species richness. Diatom-feeders 
were affected most, predators to a m e d i u m  extent, and  bacter ia-feeders  the least  affected. Rare and  
very a b u n d a n t  species were more affected than  moderately abundan t  ones. None of the  turbel lar ian  
species increased in abundance  and  none  colonized the a lgal  mats above the sediment .  In a semi- 
controlled exper iment  wi th  daily hand- remova l  of drift a lgae from a 100-m 2 plot within an  extensive 
field of algal  mats, this d e a n e d  " ' island" served as a refuge to Turbel lar ia  escaping  from their  a lgal  
covered habitat .  Here abundance  doubled  relat ive to init ial  conditions and  was 5-times h igher  than  
below algal  mats. 

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

E x c e s s i v e  g r o w t h  of g r e e n  s e a w e e d s  i n  r e s p o n s e  to s e w a g e  e f f l u e n t s  is  b e c o m i n g  a n  

i n c r e a s i n g l y  c o m m o n  p h e n o m e n o n  i n  s h e l t e r e d  m a r i n e  b a y s  ( P e r k i n s  & A b b o t t ,  1972; 

T u b b s ,  1977;  W h a r f e ,  1977; M i c h a e l i s ,  1978; N i c h o l l s  e t  aL, 1981; a n d  r e f e r e n c e s  

t h e r e i n ) .  A m m o n i u m  a n d  n i t r a t e  a r e  c r u c i a l  w h i l e  p h o s p h a t e  is n o t  ( H a r l i n  & T h o r n e -  

Mi l l e r ,  1981).  A l o n g  i n t e r t i d a l  s e d i m e n t a r y  s ho r e s ,  w i d e  a r e a s  of f o r m e r  o p e n  m u d l a n d s  

a r e  c o v e r e d  b y  c o n t i n u o u s  m a t s  of f i l a m e n t o u s  a n d  m e m b r a n o u s  a l g a e  ( C h l o r o p h y c e a e :  

Enteromorpha spp. ,  Ulva spp.) ,  10 to 15 c m  i n  t h i c k n e s s .  T h e  u n d e r l y i n g  s e d i m e n t  

b e c o m e s  anox ic ,  r e d u c i n g  a n d  tox ic  h y d r o g e n  s u l f i d e  a c c u m u l a t e s  (Whar fe ,  1977). T h e  

m a c r o f a u n a  of t h e s e  s e d i m e n t s  su f fe r s  l o s s e s  b u t  s o m e  s n a i l s  c o l o n i z e  t h e  a l g a l  m a t s .  

W a d i n g  b i r d s  f o r a g e  e l s e w h e r e  b u t  b r e n t  g e e s e  a n d  w i g e o n s  a c c e p t  t h e s e  g r e e n  a l g a e  as  

food  ( N i c h o l l s  e t  al., 1981; T u b b s ,  1977).  

B e c a u s e  a l g a l  m a t s  c o v e r i n g  i n t e r t i d a l  s e d i m e n t s  a r e  l i k e l y  to e x p a n d  f u r t h e r  as  

e u t r o p h i c a t i o n  of t h e  s e a  i n c r e a s e s ,  a c lo se  e x a m i n a t i o n  of t h e i r  e f fec t s  o n  b e n t h i c  f a u n a  
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is advisable.  In this study, the response of meiobenth ic  Turbel lar ia  and  of small  
Polychaeta to ephemera l  g reen  a lgal  cover on sandy  flats is documented.  Turbel la r ia  are 
very rich in  species on sandy  t idal  flats and  comprise bacteria-feeders,  diatom-feeders 
and  predators. They  are often overlooked by  rout ine sampl ing  because  m a n y  disinte-  
grate or form unrecogn izab le  cel l-masses in preserved sed iment  samples. Sorting of 
living, animals  is required.  Species identification, however,  is relat ively easy and  the 
sensi t ive response of Turbel lar ia  to short-term env i ronmenta l  degradat ion  makes  this 
group well  sui ted for invest igat ions into pol lut ion effects on a taxon rich in  species. 
While  the larger polycha.etes are able  to survive unde r  the a lgal  mats, Turbel lar ia  suffer 
severe losses and/or  escape w h e n  condit ions get worse. Trophic groups, rare and  
a b u n d a n t  species respond differently. 

AREA AND METHODS 

Two study sites deve loping  algal  cover dur ing  summer  were selected in  K6nigs- 
hafen, a shallow t idal  bay  at the Is land of Sylt (North Sea). Hydrography,  sediments  and  
macrofauna of the area have b e e n  described by Wohlenberg  (1937), macroalgae by 
N ienbu rg  (1927) and  Kornmann  (1952). Sandy flats are relat ively coarse g ra ined  (median  
456 ~n ,  phi = 1.14, sorting coefficient 1.5). Organic  content  is ca 0.4 % (dry weight).  
Sal ini ty  remains  close to 31. A n n u a l  m e a n  tempera ture  is ca 10 °C, summer  average is 
15.1, winter  average 4.5. Tidal  r ange  is 1.7 m. 

Site 1 in  the inne r  part  of K6nigshafen is at mid t ide level, Site 2 in  the outer part  of 
K6nigshafen close to low tide level. Both are adjacent  to minor  domestic sewage 
effluents. In summer,  the outflow close to Site 1 is fed by about  1000 people  and  sewage 
is almost untreated.  Close to Site 2 the outflow is fed by about  7000 people  and  sewage is 
mechanica l ly  t reated (low particle load but  h igh  concentrat ions of a m m o n i u m  and  
phosphate;  see Otte, 1979). 

At Site 1 sampl ing  was done after a month  of coherent  a lgal  cover (17 Ju ly  1981). 
Sed iment  cores of 2 cm2/0-5 cm were taken  directly u n d e r n e a t h  algal  mats (n ~ 5), from 
small  open interspaces temporar i ly  uncovered  (n --- 5), and  from a bare  region 150 m 
apart  from the other sample  positions and  about  20 m outside the algal  field (n ~ 5). In 
addition, pieces of algal  mat  were cut out for invest igat ion.  Turbel la r ia  and  small  
Polychaeta were sorted whi le  alive without  s ieving the sed iment  cores. To sample  larger 
polychaetes,  cores of 10 cm2/0-5 cm were washed through a 0.5-ram sieve. 

At Site 2, two ad jacen t  plots, 10 × 10 m, were marked.  Algal  strands were first 
not iced on 23 July  1981, and  from July  28 on they were removed from one of the plots by 
h a n d  each day unt i l  Augus t  26. Drift a lgae were collected and  dumped  about  50 m away. 
This kept  the exper imenta l  plot reasonably  free from algal  cover whi le  the adjacent  
control was covered by a coherent  mat  with only small  interspaces from August  5 
onward.  Sampl ing was done at the b e g i n n i n g  of exper iment  to document  the ini t ia l  
condit ions (July 28), and  thereafter every 10 days on the c leaned  plot. O n  August  26 the 
a lgal  area also was sampled.  Ten  cores of 2 cm2/0-2 cm were t aken  each time, and  
pieces of algal  mats were cut out. 

Non-parametr ic  tests are appl ied  to the sets of samples  (Wilcoxon rank  sum U-test; 
Kruskal-Wallis  mul t ip le  comparison H-test). P ~ 0.05 is regarded  as not s ignif icant  (ns). 
Diversity is expressed as D------(Zp~)-i and H ' = -  ~pilnpi ,  where  Pi is the relat ive 
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proport ion of species i from the total of individuals .  Evenness  was measured  with a 
modif ied Hil l ' s  ratio proposed b y  Alatalo (1981), wri t ten  as (D -- 1) / (exp H'  -- 1), where  
exp H'  is the ant i logar i thm of H' .  Compared  to Pielou 's  evenness  this measure  is less 
affected by  species richness. 

Species ident i ty  in  Turbe l la r ia  is usual ly  confirmed by  inspect ion of the complex 
reproduct ive organs. Juven i les  cannot  always be  ass igned to a species wi th  certainty. In 
the present  study, this is the case in  the genera  Proxenetes (3 spp.) and  Promesostoma 
(6 spp.). Juven i les  comprised 72 % and  37 %, respectively. In ca lcula t ing  diversity 
indices  and  plot t ing species versus a b u n d a n c e  class, these juveni les  were ass igned in 
proport ion to the species b e i n g  present  as adults. Gut  analyses  a nd  feeding observations 
have b e e n  carried out on Turbe l la r ia  at Site 2 since June  1980 (see Reise, 1983), and  
categories g iven  in  Table  5 are based  on that study. 

RESULTS 

G r e e n  a l g a l  m a t s  o n  s a n d y  t i d a l  f la ts  

Germl ings  of Bnteromorpha spp., a t tached to sand grains, increase in  length  in  early 
summer,  get branchy,  and  f inal ly  become plai ted to tresses by tidal currents and  wave 
action. These strands of g reen  a lgae drift back and  forth with the tides and f inally 
become deposi ted in  shel tered areas, or storms pile them up along the shoreline. 
However,  s ince 1979, algal  strands have r ema ined  on sandy flats. Explosive growth in  
June / Ju ly  led to the formation of thick algal  mats, covering wide areas in the intert idal  
zone at the Island of Sylt. Usual ly  they stayed there unt i l  the end  of August  w h e n  storms 
removed them. Enteromorpha spp. are the first to take root, then  other algae join the 
mats (i.e. Ulva spp., Cladophora spp., Chaetomorpha spp., Porphyra spp.). 

On  sandy  flats, s trands of g reen  a lgae may f ind a hold on tube-caps  of polychaetes 
(i.e. Lanice conchilega Pallas) and  mollusc shells. However,  in  the present  case, a lgae 
became  pr imari ly  anchored by  the sedentary  polychaete  Arenicola marina (L.). This 
deposit  feeder populates  the sandy  flats with a m e a n  densi ty  of 40 m -2 (Reise, 1981). 
Together  with surface sediment ,  strands of a lgae  slide down the feed ing  funne ls  and  
head  shafts and  thus become "'rooted" in  12 to 20 cm depth (Fig. 1). This certainly is 
u n i n t e n d e d  by  the lugworms because  they shift their  head  shafts into new positions once 
d o g g e d  by  algae.  

W h e n  a lgae  have grown into coherent  mats, A. marina fixes them to the sed iment  
with its backwards  or iented activity too. During low tide, casts are p i led  on top of the 
a lgal  mats, thus bury ing  them at these spots. Primarily it is the lugworm popula t ion  
which prevents  the green  a lgal  mats  from drifting to more shel tered flats. This conclu- 
s ion is der ived from a lugworm exclusion exper iment  started in  June  1979 at Site 1. At 
three 4 -m 2 plots, gauze of 1 m m  mesh was inser ted  horizontal ly into the ground 
approximately 10 cm deep, The gauze blocked the way to the surface and  thus forced the 
worms to move out at the sites. In July  1981, the entire sediment  at Site 1 was covered by 
thick a lgal  mats except the three plots where a lgae found no anchorage because  A. 
marina was excluded. 

In 1981 w h e n  this inves t iga t ion  was carried out, coherent  mats were apparen t  at Site 
1 from the middle  of June  to the end  of August. At Site 2, a lgal  strands were first noticed 
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Fig. 1. Strands of Enteromorpha spp. sl ide d o w n  the head  shafts of Arenicola marina and become  
anchored  in the sed imen t  (see a r rows  above). On  the r ight  are three  open  funnels .  Coiled casts are 
sp read  over the surface. The schemat ic  cross-sect ion be low shows  a l u g w o r m  b u r r o w  wi th  an  

a b a n d o n e d  h e a d  shaft  to its left (clogged wi th  algae)  and  an  a lgal  mat  above  
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on  J u l y  23. A l r e a d y  12 days  la ter ,  c o h e r e n t  m a t s  c o v e r e d  a b o u t  50 % of t he  surface .  

W i t h i n  a f e w  days,  c o v e r a g e  was  a l m o s t  total ,  e x t e n d i n g  ove r  a b o u t  2 ha.  At  t he  e n d  of 
Au gus t ,  s to rms  r e m o v e d  a l l  a l g a l  cover .  

P o l y c h a e t a  w i t h  a n d  w i t h o u t  a l g a l  c o v e r  

O n e  m o n t h  of a l g a l  c o v e r  at  S i t e  1 d id  no t  s i g n i f i c a n t l y  af fec t  t he  c o m p o s i t i o n  of t he  
p o l y c h a e t e  a s s e m b l a g e  (Tab le  1). Th i s  s t a t e m e n t  is in  pa r t  c o m p e l l e d  by  t h e  h i g h  

v a r i a t i o n  w i t h i n  sets  of s a m p l e s .  M o r e  e x t e n s i v e  s a m p l i n g  of s m a l l  p o l y c h a e t e s  m i g h t  

h a v e  r e v e a l e d  a s i gn i f i c an t  i n c r e a s e  in  j u v e n i l e  Capitella capitata. In t he  e x p e r i m e n t  at  
Si te  2 no s i gn i f i c an t  d i f f e r e n c e s  b e t w e e n  t r e a t m e n t s  (U-test) or o v e r  t he  p e r i o d  of 30 days  

on  the  c l e a n e d  a r e a  (H-test)  w e r e  o b s e r v e d  (Tab le  2). D ive r s i t y  a n d  e v e n n e s s  are  

r e l a t i v e l y  h i g h  u n d e r  a l g a l  c o v e r  b e c a u s e  Pygospio elegans loses  its d o m i n a n c e .  H o w -  

ever ,  t he  d e c r e a s e  in a b u n d a n c e  of th is  spec i e s  is not  s ign i f i can t  (U-test,  P = 0.25). 

T u r b e l l a r i a  w i t h  a n d  w i t h o u t  a l g a l  c o v e r  

G r e e n  a l g a l  ma t s  h a v e  a d v e r s e  effects  on al l  b e n t h i c  Tu rbe l l a r i a .  At  Si te  1, s a m p l e s  
w e r e  t a k e n  one  m o n t h  a f te r  t he  onse t  of a lga l  cove r  (Table  3). Smal l ,  t e m p o r a r i l y  o p e n  

p a t c h e s  p r o v i d e  no  rescue .  A b u n d a n c e  and  spec i e s  r i chnes s  a re  s ign i f i can t ly  h i g h e r  on  
the  b a r e  f la t  (U-test,  P < 0.001), D ive r s i t y  is l o w e r  in  the  a lga l  f ie ld,  e v e n n e s s  h ighe r .  

Th i s  is b e c a u s e  t h e  d o m i n a n t  s p e c i e s  on  the  b a r e  f la t  (Cheliplanilla caudata, Cicerina 
brevicirrus, Promesostoma rostratum) lose  the i r  d o m i n a n c e  b e l o w  a l g a l  cover .  No  Tur-  

b e l l a r i a  w e r e  found  w i t h i n  t he  f l oa t i ng  a l g a l  mats .  E v e n  on  the  b a r e  flat, a b u n d a n c e  was  

Table 1. Polychaeta within and outside an algal covered field, a sandy flat at Site 1, Kbnigshafen, 
July 19, 1981. "Small  Polychaeta" are those obtained by direct sorting of 2 cm2/0-5 cm samples 
(n = 5). "Larger Polychaeta" are those retained in a 0.5 mm mesh when sieving cores of 10 cm2/ 

0-5 cm (n = 10). Open interspaces be tween algal mats were not sampled for the latter group 

Polychaeta Below Interspaces Bare flat 
algal between 20 m 
mats algal, mats outside 

All small Polychaeta 27 
Scoloplos armiger (Mfilter) 19 
Microphthatmus sczelkowii Mec. 1 
Capitetla capitata (Fabr.) 7 
Pygospio elegans Clap. 0 

All larger Polychaeta 
Scoloplos armiger (Miiller) 
Capitella capitata (Fabr.) 
Heteromastus flllformis (Clap.} 
Pygospio elegans Clap, 
Spio filicornis (Miiller) 

19 
6 
8 
i 
4 
0 

individuals - 10 cm -2 

23 23 
10 19 
10 I 
3 I 
0 2 

individuals - 100 cm -2 

18 
8 
6 
1 
2 
1 
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Table 2. Small Polychaeta during the algae-removal experiment  in KSnigshafen, July to August 
1981. Numbers refer to 10 samples of 2 cm 2 = 20 cm 2 

Polychaeta Initial Cleaned area Algal 
conditions mats 

July Aug. Aug. Aug. Aug. 
28 7 16 26 26 

All Polychaeta 124 113 87 105 79 

Scoloplos armiger (Mfiller) 19 4 5 1 5 
Capitella capitata (Pabr.) 1 1 3 
Heteromastus f i ] i forznis (Clap.) 12 7 3 3 2 
Arenicola marina- juv. 2 6 1 
Eteone longa (Fabr.) 1 
Anaitides mucosa (Oersted) 1 
Microphthalmus sczelkowii Mec. 25 12 15 23 27 
Microphthalmus aberrans (W & B) 1 1 1 
Nephtys hombergi Savigny 1 1 1 
Polydora ligni Webster 1 2 6 2 
Pygosplo elegans (Clap.) 51 68 43 43 22 
Spio fillcornis (Miiller) 14 11 14 18 14 
Tharyx marioni (Saint-Joseph) 1 9 2 1 2 
Species richness 8 8 9 12 10 
Diversity D 3.91 2.53 3.27 3.95 4.29 
Diversity H' 1.56 1.35 1.53 1.71 1.72 
Evenness 0.77 0.54 0.63 0.66 0.72 

Table 3. Turbellaria within and outside an algal covered field, sandy flat at Site 1, KSnigshafen, 
July 19, 1981. Five samples of 2 cm2/0-5 cm were  taken for each category 

Turbellaria • 10 cm -2 Below Interspaces Bare fiat 
algal be tween  20 m 
mats algal mats outside 

All Turbellaria 8 6 35 
Species richness 6 5 16 
Diversity D 4.57 4,50 8.90 
Diversity H' 1.67 1.56 2.48 
Evenness 0.83 0.93 0.73 

low c o m p a r e d  to t ha t  m e a s u r e d  y e a r s  b e f o r e  a l g a l  m a t s  s t a r t e d  c o v e r i n g  e x t e n s i v e  a reas .  

A b u n d a n c e  (10 c m  -2) b e f o r e  g r e e n  a l g a e  c a m e  was :  107 in  J u l y  1977, 226 i n  J u l y  1978. 

W i t h  a l g a e  i t  w a s  52 i n  J u n e  1979, 49 in  J u l y  1980, 6 to  35 in  J u l y  1981. 

A t  S i te  2, a lga l  c o v e r  w a s  no t  o b s e r v e d  p r e v i o u s l y .  K e e p i n g  a n  a r e a  of 100 m 2 c l e a n  

of m a c r o a l g a e  b y  d a i l y  h a n d - r e m o v a l  w a s  f a v o u r a b l e  to  Tu rbe l l a r i a .  Af t e r  30 d a y s  of 

a l g a l  r e m o v a l ,  t h e  a m b i e n t  f la t  w a s  t h e n  c o v e r e d  b y  t h i c k  a l g a l  m a t s  for  21 days ,  

t u r b e l l a r i a n  a b u n d a n c e  w a s  5 - t i m e s  h i g h e r  a n d  s p e c i e s  d e n s i t y  3 - t i m e s  h i g h e r  o n  t h e  

c l e a n e d  flat, c o m p a r e d  to t h a t  w i t h  a l g a l  m a t s  (Table  4). T h e  d i f f e r e n c e  w a s  m o s t  

p r o n o u n c e d  in  d i a t o m - f e e d i n g  T u r b e l l a r i a  (9.8-fold), l e s s  in  p r e d a t o r s  (4.2-fold} a n d  

b a c t e r i a - f e e d e r s  (2.8-fold). D i a t o m - f e e d e r s  a l so  i n c r e a s e d  s i g n i f i c a n t l y  i n  t h e i r  p r o p o r -  



~.ffects o n  T u r b e l l a r i a  a n d  s m a l l  P o l y c h a e t a  157 

Table 4. Turbellarian assemblage during algae-removal experiment  in  KSnigshafen, July to Augus t 
1981. Numbers  refer to 10 samples of 2 cm 2 = 20 cm 2. Tests are performed with Turbellaria in 
individual samples. Probabilities (P) of Kr~skal & Wallis" H-test refer to homogenei ty of abun- 
dances from July 28 to August 26 on the c leaned area. Probabilities of ~Vilcoxon's U-test refer to 
differences be tween  cleaned area and algal control on August 26. No tests are performed on indices 

of diversity and evenness,  ns = P > 0.05 

Turbellaria 

H-test Initial Cleaned area Algal U-test 
conditions mats 

P July Aug, Aug. Aug. Aug. P 
28 7 16 26 26 

All Turbellaria <0.001 140 166 170 286 54 <0.001 

Bacteria-feeders ns 22 10 15 31 11 <0.05 
Diatom-feeders <0.001 64 82 84 128 13 <0.001 
Predators <0.01 54 74 70 125 30 <0.001 

Dominant taxa {>3.4 %) 
Bresslauilla relicta < 0.01 4 0 8 14 5 ns 
Postmecynostomum pictum ns 7 14 7 11 1 <0.05 
Provortex tubiferus ns 20 14 10 12 2 <0.01 
Macrostomumpusillum <0.01 22 38 36 53 3 <0.001 
Pogaina suecica <0.001 11 5 21 46 5 <0.001 
Archilopsis unipunctata ns 13 13 16 27 12 ns 
Promesostoma (6 supp.) 0.01 20 40 29 61 11 <0.001 

Species richness < 0.05 24 24 26 36 19 < 0.001 
Diversity D 12.63 10.57 11.02 11.01 10,13 
Diversity H' 2.80 2.72 2.82 2.85 2.61 
Evenness 0.75 0.67 0.64 0.62 0.72 

t ion  r e l a t i v e  to t he  o t h e r  t r o p h i c  g r o u p s  {U-test,  P < 0.05). T h e  s p e c i e s  p a r t i c u l a r l y  

a f f e c t e d  b y  a l g a l  c o v e r  w e r e  t h e  t h r e e  d i a t o m - f e e d i n g  Macros tomum pus111um, Pogalna 
sueclca a n d  Pos tmecynos tomum pic tum.  O n  t h e  c l e a n e d  a rea ,  t h e  r e l a t i v e  p r o p o r t i o n  of 

pus l l l um  w i t h i n  t h e  t u r b e l l a r i a n  a s s e m b l a g e  i n c r e a s e d  s i g n i f i c a n t l y  (U-test ,  

P < 0.05}. T h i s  is  a l so  i n d i c a t e d  for  P. sueclca (P = 0.06), w h i l e  Archi lops is  unipunctata is  

o n  a s l i g h t l y  i n c r e a s i n g  t r e n d  (P ----- 0.09). T h e  d i f f e r e n c e  in  s p e c i e s  r i c h n e s s  is  c o n s p i c u -  

ous ,  b u t  d i v e r s i t y  is  o n l y  s l i g h t l y  h i g h e r  on  t h e  c l e a n e d  f la t  b e c a u s e  of a l o w  e v e n n e s s  

c o m p o n e n t .  

B a s e d  on  t h e  c o m p l e t e  s p e c i e s  a b u n d a n c e  d a t a  (Table  5}, g r a p h s  of s p e c i e s  v e r s u s  

a b u n d a n c e  c l a s s  ( g e o m e t r i c  in tervals}  a re  p r e s e n t e d  for  {1) T u r b e l l a r i a  a t  t h e  o n s e t  of 

a l g a l  g r o w t h  {start of e x p e r i m e n t } ,  {2) T u r b e l l a r i a  b e l o w  a l g a l  c o v e r  o n e  m o n t h  la ter ,  a n d  

{3} T u r b e l l a r i a  on  t h e  c l e a n e d  p lo t  {Pig. 2}. Ini t ia l ly ,  t h e  t u r b e l t a r i a n  a s s e m b l a g e  w a s  

c h a r a c t e r i z e d  b y  a h i g h  e v e n n e s s  w h e r e  s p e c i e s  w i t h  a m o d e r a t e  n u m b e r  of i n d i v i d u a l s  

d o m i n a t e d .  U n d e r  a l g a l  c o v e r  m o s t  s p e c i e s  h a v e  on ly  f e w  i n d i v i d u a l s  a n d  n o n e  a re  v e r y  

a b u n d a n t .  C h a n c e  of su rv iva l  u n d e r  a l g a l  c o v e r  is c a l c u l a t e d  p e r  g e o m e t r i c  a b u n d a n c e  

c lass  ( ini t ia l  c o n d i t i o n s  are  se t  to 100 %}. I n d i v i d u a l s  of in i t i a l ly  ra re  s p e c i e s  as w e l l  as 

t h o s e  of i n i t i a l l y  v e r y  a b u n d a n t  s p e c i e s  h a v e  a l o w  c h a n c e  of survival ,  w h i l e  i n d i v i d u a l s  

of m o d e r a t e l y  a b u n d a n t  s p e c i e s  h a v e  a m o r e  t h a n  50 % c h a n c e  (Pig. 2). 

O n  t h e  e x p e r i m e n t a l  p lo t  f r e e  of a l g a e  t h e r e  a r e  m a n y  r a re  s p e c i e s  a n d  four  w h i c h  
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Table 5. Abundance (individuals - 20 cm -2) of turbellarian species before algal growth commenced 
(start of experiment), one month later below algal cover, and on the experimental  plot free of green 

algae. B = bacteria-feeder,  D = diatom-feeder, P = predator 

Trophic Species Initial Algal Bare flat 
group conditions mats 

July 28 Aug. 26 Aug. 26 

D ]vIacrostomum pusillum Ax  22 
D Provortex tubiferus Luther 20 
P Archilopsis unipunctata Pabr. 13 
D Pogaina suecica Luther 11 
B Neoschizorhynchus parvorostro Ax  & H. 9 
P Proxenetes quinquespinosus A_x 8 
D Postrnecynostomum pictum D6rjes 7 
P Promesostoma marrnoratum Schultze 6 
B Philomecynostomum lapillum Dbrjes 5 
P Cheliplanilla caudata Meixner 5 
B Bresslauilla relicta Reisinger 4 
P Promesostoma rostratum Ax  4 
P Promesostoma gracilis Ax  4 
P Promesostoma karlingi Ehlers 3 
P Paromalostomum dubium de Beauchamp 3 
P Polystyliphora filum Ax  3 
D Pseudaphanostoma pelophilum DSrjes 3 
B Balgetia semicirculifera KarIing 2 
B Paedomecynostomum bruneum DSrjes 1 
B Antroposthia unipora Faubel 1 
D Archimonotresis limophila Meixner 1 
P Cicerina brevicirrus Meixner 1 
P Placorhynchus octaculeatus Karling 1 
D Pseudostomum quadrioculatum Leuck 0 
P Brinkmanniella macrostomoides Luther 0 
P Coelogynopora tenuis Meixner 0 
P Proxenetes ampullatus Ax  0 
P Proxenetes quadrispinosus Den Hartog 0 
P Promesostoma meixneri  Ax  0 
P Zonorhynchus seminascatus Karling 0 
D Aphanostoma album DSrjes 0 
P Carenscoilia spec. 1 0 
P Promonotus schultzei Meixner  0 
P Halammovortex macropharynx Meixner 0 
P Typhlopolycystis spec. 1 0 
P Schizorhynchoides spirostylus Boaden 0 

Psammorhynchus tubulipenis Meixner 0 
RtHnepera remanei Meixner 0 

3 53 
2 12 

12 27 
5 46 
3 7 
1 3 
1 11 
0 10 
2 6 
1 1 
5 14 
6 28 
4 11 
0 2 
1 5 
0 2 
0 1 
0 0 
1 0 
0 4 
0 1 
2 7 
0 3 
2 2 
1 1 
1 0 
0 3 
0 3 
0 3 
0 3 
0 2 
0 2 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 

a r e  e x t r e m e l y  a b u n d a n t  (Fig. 2 be low}.  As  t h e  n u m b e r  of s p e c i e s  a n d  o v e r a l l  a b u n d a n c e  

is  c o n s i d e r a b l y  h i g h e r  t h a n  o n e  m o n t h  e a r l i e r  {Table 4}, t h e  e x p e r i m e n t a l  p l o t  p r o b a b l y  

r e c e i v e d  T u r b e l l a r i a  f r o m  ou t s i de .  Th i s  c o n c l u s i o n  is  s u b s t a n t i a t e d  b y  t h e  f o l l o w i n g  

de ta i l s :  (1) A b u n d a n c e  i n c r e a s e d  p a r t i c u l a r l y  b e t w e e n  A u g u s t  16 a n d  A u g u s t  26. In  t h i s  

i n t e r v a l  s t rong  w i n d s  (6 to 8 on  Beaufo r t  scale} p r e v a i l e d  for 7 days .  T h e  r o u g h  s e a  

f a c i l i t a t e d  d i spe r sa l .  (2) P r o m e s o s t o m a  ros tra tum o c c u r r e d  w i t h  t h r e e  m a t u r e  a n d  
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chance 
of 
survival 

algal mats 
removed 
August 26 

Pig. 2. Number of species (abscissa) versus geometric abundance class (ordinate) of Turbellaria at 
the beginning and end of experiment (see Table 5), and chance of survival for individuals subject to 
algal cover. Number of species present initially are set to 100 % (first two classes are taken together 
to obtain a comparative number of individuals) and the fraction of species present below the algae 

are assumed to be survivors 

2 juven i l e  ind iv idua ls  in the  samples  from Augus t  16. Only  10 days later, there  were  

20 mature  P. rostratum. (3) Spec ies  r ichness  increased  from 26 to 36 in the same interval .  
These  observat ions  and other  data  p resen ted  in Tab le  4 indica te  a substant ial  immigra -  

t ion of Turbe l la r ia  from the  a lga l  covered  fiat into the  insular  exper imenta l  plot  f ree of 

a lgae.  This immigra t ion  caused  a decrease  in evenness  because  abundan t  species  

further  improved  thei r  dominance .  Rare species  did not become  more  common  but  other  

rare species  arrived. Whi le  d ia tom-feeders  and predators  doub led  their  numbers  since 
the ini t ia t ion of exper iment ,  there  was  no s ignif icant  increase  in  bac ter ia - feeders  on the 

c l eaned  plot  (Table 4). 

DISCUSSION 

G r e e n  a l g a l  m a t s  

The  macroa lgae  and seagrasses  of K6nigshafen were  inves t iga ted  in 1924 to 1926 by 
N ienbu rg  (1927). He  p rov ided  a map of the vegeta t ion.  Regions wi th  growth of 

Hnteromorpha spp. b e t w e e n  Apri l  and Ju ly  were  loca ted  close to the h igh  t ide line, just 
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above the Zostera noltii bel t  (his Z. nana). Dense growth of Chaetomorpha linum was 
observed in  two muddy  bights. All in all, only small  patches were covered (< 1 ha). 
Later, Wohlenberg  (1937) and  Kornmann  (1952) also ment ion  these green  a lgae bu t  
report no excessive growth either. The present  g reen  a lgal  mats occur from the Zostera 
noltii bel t  on downwards,  where  no green  algal  growth was observed earlier. According 
to Nienburg ' s  map, Site 1 was vegeta ted  by a small  variety of Zostera marina (his Z. 
angustifolia), and  Site 2 was without  any macrophytes.  

I have no direct ev idence  that the present  algal  mats are caused by  sewage effluents. 
However,  this is very l ikely because  (1) they were absent  from the flats in  earlier t imes 
w h e n  no or little sewage en te red  the bay, (2) they occur in  Ju ly-Augus t  w h e n  sewage 
load is more than doub led  because  of the tourist season, (3) their proximity to the two 
outflows is a pat tern  which has consistent ly b e e n  observed e lsewhere  in  the Wadden  
Sea, and  has b e e n  repea tedly  reported from other regions (see reviews in  Har l in  & 
Thorne-Miller ,  1981; Nicholls et al., 1981). 

Sewage may not  be  the only agent,  and  favourable weather,  par t icular ly a calm sea, 
is another  prerequisi te  (Perkins & Abbott, 1972). Under  the hydrographic  condit ions in  
KSnigshafen, a b u n d a n c e  of Arenicola marina is important,  as it keeps  the algal  mats on 
the sandy  flats in  spite of the strong tidal currents. Without  the anchorage  provided by 
the lugworms'  feeding funnels ,  the g reen  algal  mats would  be  conf ined to more 
shel tered sites or get  washed  out of the bay. A. marina is a b u n d a n t  on almost all  sandy  
tidal flats along European  coasts, and  outside Europe other lugworm species may play a 
similar  role. Thus, the u n i n t e n d e d  "rooting" of g reen  algae by  lugworms might  h a p p e n  
e lsewhere  when  enhanced  eutrophicat ion causes explosive growth of these algae. 

P o l y c h a e t a  b e l o w  a l g a l  m a t s  

One  month  or less of a lga l  cover caused no measurab le  losses i n  polychaetes  at both 
sites, and  no species increased  significantly.  Nicholls et al. (1981) who invest igated 
muddy  fiats covered by g reen  algal  mats from May to December  each year, found 
str iking effects on polychaetes.  All species were less a b u n d a n t  be low algal  mats except 
two, Capitella capitata and  Scolelepis fuliginosa, which became extremely numerous .  
As m a n y  of these species occur also at Site 1 and  2, the difference is l ikely to lie in  the 
dura t ion of algal  cover (1 month  versus 8 months). Compared  to the smaller  Turbellar ia ,  
polychaetes  show more s tamina  w h e n  their habi ta t  is subjected  to adverse conditions.  

T u r b e l l a r i a  b e l o w  a l g a l  m a t s  

Turbel lar ia  are a b u n d a n t  and  diverse on sandy flats. A long- term decl ine  in  
a b u n d a n c e  at Site 1 coincides with the year when  algal  mats were observed for the first 
time. However, the unusua l ly  severe winter  of 1979 with its ice cover las t ing 67 days at 
Site 1, where normal ly  there is none  or one last ing less than  a week,  may be another  
cause. At Site 2, a lgal  cover was observed in 1981 for the first time. Here average 
a b u n d a n c e  and  species r ichness  of Turbel lar ia  is genera l ly  high: 111 - 10 cm -2 and  83 
species from June  1980 to June  1981 (Reise, 1983). Samples  dur ing  the exper iment  in  
Ju ly /Augus t  1981 gave an average of 87 - 10 cm -2 and  a total of 42 species. 

These Turbel lar ia  are very sensit ive to env i ronmenta l  deter iorat ion caused by an 
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ephemera l  a lgal  cover. All decl ined;  no species took advantage  of the al tered habitat.  
With respect  to the sed iment  this is not  surpr is ing as anoxic condit ions developed be low 
algal  cover, and  there seem to be no Turbel la r ia  favouring pure ly  anoxic sediments  
(Reise & Ax, 1979). On  the surface, d ia tom growth was probably  inh ib i ted  by  shading  
(see Sull ivan,  1976). This may have  caused food shortage to diatom-feeders.  

On  the green  a lgae  themselves,  epiphytic  diatoms were observed. Snails,  Hydrobia 
ulvae, grazed on these and  not  on the g reen  algae. Some ciliates and  copepods were also 
present.  Phytal  Turbel lar ia ,  however,  r ema ined  absent.  Probably the dura t ion of algal  
mats on the sand flats was too short for colonization. 

Diatom-feeding Turbel la r ia  dec l ined  dramatical ly  w h e n  covered by green  algae, 
whi le  p redominan t ly  bac ter ia - feeding  species were less affected. This may reflect the 
effects of g reen  a lgae on the respective food resources. On the other hand,  diatom- 
feeders are surface-dwel l ing species and  as such more sensit ive to anaerobic  condit ions 
than  the deeper  dwel l ing  bacteria-feeders.  Predators show an  in termedia te  response. 

Compared  to the ini t ia l  condit ions one month  earlier, a lgal  cover caused high losses 
in  rare and  very a b u n d a n t  species. The moderate ly  a b u n d a n t  species did better. There-  
fore diversity and  evenness  indica te  little change.  This pat tern of survival suggests that 
the ini t ia l ly  most a b u n d a n t  species may be regarded as "'specialists", unab le  to cope 
with a change  in  habitat.  Modera te ly  a b u n d a n t  species seem to inc lude  most "general -  
ists", bet ter  p repared  to survive al tered conditions.  

A r e f u g e  f r o m  a l g a l  m a t s  

The semi-control led field exper iment  conducted at Site 2 revealed  that Turbel la r ia  
were able  to escape from their  deter iorat ing habitat .  The 100-m 2 plot kept  c lean  of g reen  
algae was located right in  the midd le  of the algal  field. What  was in t ended  to be  a 
control area to the algal  mats even tua l ly  tu rned  out to be a refuge for Turbel lar ia  in  need  
of a new  habitat .  The c leaned area was well  wi th in  reach, and  even more so w h e n  a 
rough sea facil i tated dispersal. Compared  to ini t ia l  conditions,  the refuge is charac- 
terized by an  increased n u m b e r  of rare species and  some which became extremely 
abundant .  The n u m b e r  of modera te ly  a b u n d a n t  species r ema ined  about  the same. The 
corresponding graph of species versus geometric a bunda nc e  class resembles  that of 
macrobenthos  unde r  pol luted conditions,  except that rare species are more signif icant  
(see Gray & Pearson, 1982). 

The fact that the control served as a rescue area fouled my exper iment  which had 
b e e n  des igned  to quant ify the effects of algal  cover on Turbellar ia .  However, the 
impor tance  of area size is h ighl ighted,  and  should be considered when  effects of a lgal  
cover are evaluated.  If spatial  refuges are nearby,  considerable  number s  of Turbel lar ia  
can survive the ephemera l  habi ta t  change  by  escape and  later may  recolonize. Purther- 
more, the observed escape response  may  serve as a warning ,  not  to take dwind l ing  
a b u n d a n c e s  in  benthos  s imply as mortal i ty un less  the dead  indiv iduals  are actual ly 
found. 

CONCLUSIONS 

Excessive growth of g reen  a lgae (Chlorophyceae) on the t idal  flats of the Wadden  
Sea dur ing  summer  is a t t r ibuted to eutrophicat ion by  adjacent  sewage effluents. Mats of 
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t h e s e  a l g a e  cove r  w i d e  a r e a s  on  s h e l t e r e d  flats,  a n d  o n  s a n d y  f la ts  a l g a e  b e c o m e  

a n c h o r e d  i n  t h e  f e e d i n g  f u n n e l s  of t h e  a b u n d a n t  p o l y c h a e t e  Arenicola marina. A l g a l  

c o v e r e d  s e d i m e n t s  t u r n  a n o x i c  a n d  a f fec t  t h e  i n f a u n a .  S to rms  a re  a b l e  to  d i s l o c a t e  t h e  

a l g a l  ma t s ,  a n d  s a n d y  f la ts  a r e  u s u a l l y  c o v e r e d  for no  m o r e  t h a n  o n e  m o n t h .  S u c h  shor t -  

t e r m  c o v e r  is  e n d u r e d  b y  p o l y c h a e t e s  b u t  t h e  s m a l l e r  T u r b e l l a r i a  suf fe r  s e v e r e  losses .  

In  t h i s  s p e c i e s - r i c h  t axon ,  a b u n d a n c e ,  s p e c i e s  r i c h n e s s  a n d  d i v e r s i t y  d e c r e a s e d  

w h i l e  e v e n n e s s  i n c r e a s e d ,  c o m p a r e d  to t h e  b a r e  s a n d  f la t  a reas .  Pa r t i cu l a r l y  a f f e c t e d  

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

v e r y  a b u n d a n t  ones .  N o n e  of t h e  s p e c i e s  w a s  a b l e  to  t a k e  a d v a n t a g e  of t h e  h a b i t a t  

a l t e ra t ion .  P r e v e n t i n g  a lga l  g r o w t h  o n  a n  e x p e r i m e n t a l  p l o t  w i t h i n  a n  e x t e n s i v e  f i e l d  of 

a lga l  m a t s  d e m o n s t r a t e d  t h e  c a p a b i l i t y  of s o m e  T u r b e l l a r i a  to m o v e  ou t  a n d  t a k e  

a d v a n t a g e  of n e a r b y  r e s c u e  a reas .  Th i s  is t h e  f i rs t  s t u d y  u s i n g  t h e  s ens i t i v i t y  of 

T u r b e l l a r i a  to d o c u m e n t  e f fec t s  of po l lu t ion .  It is c o n c l u d e d  t h a t  s e w a g e - i n d u c e d  a lga l  

m a t s  s e v e r e l y  r e d u c e  a b u n d a n c e  a n d  d ive r s i t y  of m e i o b e n t h i c  T u r b e l l a r i a .  
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