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ABSTRACT: The brown alga Fucus vesiculosus forma mytili (Nienburg) Nienhuis covered about 
70 % of mussel bed (Mytilus edulis) surface area in the lower intertidal zone of K6nigshafen, a 
sheltered sandy bay near the island of Sylt in the North Sea. Mean biomass in dense patches was 
584 g ash-free dry weight m -2 in summer. On experimental mussel beds, fucoid cover enhanced mud 
accumulation and decreased mussel density. The position of mussels underneath algal canopy was 
mainly endobenthic (87 % of mussels with > 1~ of shell sunk into mud). In the absence of fucoids, 
mussels generated epibenthic garlands (81% of mussels with < I/3 of shell buried in mud). Mussel 
density underneath fucoid cover was 40 to 73 % of mussel density without algae. On natural beds, 
barnacles (Balanidae), periwinkles (IAttorina littorea) and crabs (particularly juveniles of Carcinus 
maenas) were significantly less abundant in the presence of fucoids, presumably because most of the 
mussels were covered with sediment, whereas in the absence of fucoids, epibenthic mussel clumps 
provided substratum as well as interstitial hiding places. The endobenthic macrofauna showed tittle 
difference between covered and uncovered mussel beds. On the other hand, grazing herbivores - 
the flat periwinkle LittoHna mariae, the isopod Jaera albi[rons and the amphipods Gammarus spp. - 
were more abundant at equivalent sites with fucoid cover. The patchy growth of Fucus vesiculosus 
on mussel beds in the intertidal Wadden Sea affects mussels and their epibionts negatively, but 
supports various herbivores and increases overall benthic diversity. 

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

T h e  musse l  Myti lus  edulis L. g e n e r a t e s  dr i f t ing  c lumps  and  b i o g e n i c  reefs  in the  
W a d d e n  Sea.  T h e s e  musse l  beds  a re  a b u n d a n t  in the  lower  t idal  z o n e  and  sub t ida l ly  

(Verwey,  1954; R ie sen  & Reise, 1982; D a n k e r s  & Koelemai j ,  1989; O b e r t  & Michae l i s ,  

1991), cons t i tu t ing  eco log ica l  e l i te  s t ruc tures  in t e rms  of the  h igh  n u m b e r  of a s soc i a t ed  

spec ies  (Dit tmann,  1990), b iomass  a n d  s e c o n d a r y  p roduc t ion  (Asmus,  1987), f o r a g i n g  si te 
for birds  ( S w e n n e n  et  al., 1989; Zwarts ,  1983), r eminera l i za t ion ,  and  o x y g e n  c o n s u m p t i o n  

(Dame  & Dankers ,  1988; A s m u s  et  al., 1990). 

T h e  p h e n o m e n o n  of Fucus vesiculosus g r o w i n g  on  in ter t ida l  m u s s e l  b e d s  w a s  first 
d e s c r i b e d  by N i e n b u r g  (1925, 1927) for the  K 6 n i g s h a f e n  Bay of Sylt. S ince  then,  t he  co- 

o c c u r r e n c e  of F. vesiculosus and  m u s s e l  a g g r e g a t i o n s  ( large beds  or dr i f t ing  clusters)  on  

soft s e d i m e n t s  has  b e e n  r epo r t ed  by  s e v e r a l  au thors  f rom d i f fe ren t  loca t ions  a l o n g  the  
Nor th  Sea  coas t  (Wohlenbe rg ,  1937; N ienhu i s ,  1970; v a n  den  H o e k  et  al., 1979). In this 

associat ion,  F. vesiculosus lacks  a ho ldfas t  a n d  gas  vesic les ,  a n d  is a t t a c h e d  to the  

subs t r a tum by byssus  t h reads  of t he  musse ls .  Rep roduc t i on  is v e g e t a t i v e  by  m e a n s  of 

f r ac t ioned  thalli.  D u e  to m u d  a c c u m u l a t i o n  in t he  m u s s e l  bed ,  t h e  a l g a e  a re  g r a d u a l l y  
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bur ied  in sed iment  whilst  s imul taneous ly  growing  upwaras  m tl~e water  column.  Nien-  
burg  (1925, 1927) descr ibed  the reciprocal  effect of mussels  and  fucoids on each  other  as 
benef ic ia l  for both  parties.  He be l i eved  that  F. vesicutosus preven t ed  the musse l s  from 
sinking into the  mud,  whe reas  mussels  enab l e d  s teady  growth  of the a lga  by  hold ing  it 
firm with their  byssus threads.  

In the p resen t  study, invest igat ions  about  the possible  effects of fucoid cover on 
mussels  are  ex t ended  to the associa ted  macrofauna  of musse l  beds.  The  macroa lgae  
represen t  an addi t ional  phys ica l  and  biological  structure in the mussel  b e d  community.  
This structure could function as food for herbivores  and a hab i ta t  for ep i fauna  (Nicotri, 
1980), as substra te  for ep iphytes  (Kangas et al., 1982) or as shel ter  agains t  phys ica l  stress 
and  preda t ion  (Dean & Connell ,  1987), thus increas ing  overall  habi ta t  complexi ty.  

Results were  ob ta ined  by  para l le l  sampl ing  of covered and  uncovered  beds  in the 
t idal  zone of K6nigshafen nea r  Sylt. The hypothes is  that  pa tches  of F. vesiculosus 
significantly al ter  siltation and  the composi t ion of the species  assemblage ,  was  tes ted  
exper imental ly .  

MATERIAL AND METHODS 

S t u d y  s i t e  

Invest igat ions were  carr ied out in "K6nigshafen ' ,  the same shallow t idal  bay  near  
the is land of Sylt, North Sea, where  N ienburg  (1925) first s tudied  the Fucus-Mytilus 
association. The distr ibution and  size of musse l  beds  in the  a rea  have b e e n  subject  to 
grea t  var ia t ion since the ear ly  reports  from the beg inn ing  of the  century. Such fluctua- 
tions were  caused  by severe  winters  (Ziegelmeier ,  1964, 1970) and p re sumab ly  eut rophi-  
cation (Reise et  al., 1989). 

Two locations in the  bay  which are charac te r ized  by  different  phys ica l  p roper t ies  
were  chosen  for this study. The  "Oddewat t "  at  the  eas tern  open ing  of the b a y  represen ts  
an exposed  site with mussel  beds  ex tend ing  a long the low wate r  line; the " M 6 w e n b e r g -  
watt" is loca ted  in the central  par t  of K6nigshafen and is thus more shel tered,  wi th  musse l  
beds  be ing  s i tuated slightly further upshore.  Both locations are sandy,  but  the  O d d e w a t t  
is charac ter ized  by  a h igher  port ion of coarse  (0.36-0.6 ram) and  a lower por t ion  of fine 
{0.09-0.15 ram) sed iment  (Austen, 1992). 

A l g a l  b i o m a s s  

Thalli  of Fucus vesiculosus were  c l ipped  at the sed iment  surface from pa tches  with 
dense  growth (100 % surface cover; visual  estimation) on musse l  beds  in M 6 w e n b e r g -  
watt.  Twenty  repl icate  samples  of 0.25 m 2 were  taken  b e t w e e n  May and J u n e  1990. In 
the laboratory,  the thalli  were  w a s h e d  with  seawater ,  b lot ted and  w e ighe d  (fresh weight) ,  
and  then dr ied  for three days  at 80 ~ (dry weight) ,  6 samples,  each  w e i g h i n g  25 g (dry 
weight),  were  combus ted  for 5h at 520 ~ to de te rmine  the organic  content  as ash-f ree  dry 
weight.  

S i l t a t i o n  e x p e r i m e n t  

A field exper iment  was des igned  to test  whe the r  Fucus vesiculosus cover  enhances  
mud accumulat ion on musse l  beds,  and  whe the r  this affects musse l  density. From musse l  
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beds in M6wenbergwat t  - which display a mosaic of fucoid cover - clumps of mussels 
with and  without at tached algae were removed with a shovel. They were a r ranged  in 
beds of approximately lm 2, four with and  three without algae, at a distance of about  2 m 
from each other and  situated in the direct vicinity of the natural  beds. Clumps of mussels 
were placed together, with an adher ing layer of mud, upon circular sheets of plastic foil 
which, subsequently,  served as a reference to measure  the height  of sediment  accumu- 
lation. This was determined by probing a ruler 10 times into the mud  of the central  area 
(0.3 m 2) of each mussel  bed. The initial density of mussels (> 10 mm shell length) was 
arranged into 200 individuals  on 1000 c m  2 with an approximate error of - 50. Mussel  
spat was not considered in the counts, because  it was insignificant compared to the 
number  of individuals. 

The vertical position of mussels in the sediment  was categorized as either infaunal  
(> 2/3 of shell sunk into the mud), semi-epifaunal  (2/3 to '/3) or epifaunal  (< '/3 of shell 
buried in mud). 

The experiment  was started on July 3rd 1991 and terminated on July 18th 1992. 
Throughout the exper iment  the drift algae encountered  were removed from the three 
beds designed to be free of fucoids. After July 1992, the exper imental  beds were left 
unat tended.  In November  1992, these beds were completely covered by F. ves icu losus  

again. 

C o m p a r i s o n  of m a c r o f a u n a  

At both locations - Oddewat t  and  Mbwenbergwat t  - 12 replicate samples each were 
taken from mussel  bed patches covered with Fucus  ves iculosus  and from uncovered  
patches during June  to August  1990. Sampling procedure was selective, in that samples 
were taken in pairs of two from directly adjacent  areas of the same mussel  bed  that was 
only partly algae-covered. Thus, fucoid growth was the only obvious parameter  differ- 

entiat ing the two plots. 
A box corer of 500 cm 2 surface area was used to take samples down to a depth  of 

15 cm, below which no living macrofauna occurred. If present, algae were cut off the 
surface and treated separately: any  adher ing epifauna was washed off and re ta ined in a 
sieve (500 ~m mesh size) to be identified and counted. The sediment  portion of the 
sample was washed and sieved (500 ~m) and  the residues from the sieve transferred into 
sorting dishes from which animals were extracted alive. All taxa, except oligochaetes and 
gammarids, were identified to species level us ing a stereo microscope. Heavy recruit- 
ment  of Carcinus m a e n a s  and N e r e i s  diversicolor occurred dur ing the sampling period; 
therefore these species were roughly grouped into size classes. 

Statistics 

Differences in faunal densities (and in vertical position of NIytilus individuals) 

between algae-covered and uncovered mussel aggregations were tested with the non- 

parametric U-test of Wilcoxon, Mann & Whitney (Sachs, 1984). Differences were consi- 

dered significant at different levels and marked by asterisks in the following fashion: 

* 0.05 -- p > 0.02, ** 0.02 -> p > 0.002, *** 0.002 -> p. 

Usually, abundances are given as means (~) and standard deviations (SD). For 

comparison of macrofaunal assemblages, two indices were calculated: (a) Shannon- 
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Wiener- Index H = - X  Pi * In Pi, with Pi be ing  the portion of a species '  (ni) number  of in- 

dividuals based on the total number  of individuals (N): Pi = ni/N; (b) Evennes s  e -- H/ in  S, 

with S be ing  the total number  of species. 

RESULTS 

A l g a l  c o v e r  

Patches within mussel  beds  covered  entirely by Fucus vesiculosus h a d  a biomass of 

4811 ___ 909 g fresh weight  or 1050 ----- 187 g dry weight  m -2 (n=  20), cor responding  to 

584 "4- 104 g ash-free dry weight  m -2 in May to June  1990. Fucoid surface cove r  of mussel  

beds in 1990 was est imated at 60 % in Oddewat t  and 70 % in M6wenbergwa t t .  The  

following year  in June,  surface cover  in the mussel  bed  areas r e a c h e d  95 and 55 %, 

respectively.  With 70 % cover as an overall  mean,  fucoid biomass on musse l  beds  in 

KSnigshafen was approximately  400 g ash-free dry weight  m -2 in summer .  

S i l t a t i o n  e x p e r i m e n t  

Within 5 days after set t ing-up the exper imenta l  mussel beds, the distribution of 

mussels had changed  from the initial even  arrangement .  During this time, wea the r  

conditions had been  constantly calm. In the absence  of fucoid cover, musse l s  a g g r e g a t e d  

into epibenthic  garlands. Thick diatom growth was visible on the mud surface in the 

interspaces.  In the presence  of fucoids, mussels formed a continuous monolayer ,  wi th  

most individuals buried in mud by about  two-thirds of their shell length.  When  probing 

the mud depth after 4 weeks  in August ,  a smell of hydrogen sulfide was apparent .  
In the course of the exper iment  all mussel  beds became larger. Initially, the m e a n  

size was 1.1 m 2. Six months later the m e a n  size was 1.6 m 2, with no s ignif icant  difference 

be tween  treatments.  However ,  mussel  beds without fucoid cover had twice  the mussel  

density of beds with algae. Mean  density of mussels was 119 --- 12 and 61 ___ 21, 
respectively, (July, 1992) on 1000 cm 2 in the centre of beds: Taking the a rea l  increase of 

each mussel  bed  into account, mussel  numbers  had decreased by the  end of the 

exper iment  (after 1 year) by 15 ___ 10% without  fucoid cover and by 54 _+ 18 % with 

fucoid cover. This difference was significant at the 5 %-level  (U-test). 

Exper imental  mussel  beds covered  by Fucus vesiculosus accumula t ed  more sedi- 
ment  than the bare beds  (Fig. 1). Initially, the height  of mud was 95 ___ 6 ram. With algal  

cover, sediment  height  increased until December  to 123 ___ 19 ram, dec reas ing  thereaf ter  

to 84 _+ 10 mm in July 1992. Intermittently, the net  gain of sediment  at o n e  bed was up to 

47 ram. Without algal cover, the he igh t  of mud  decreased to 41 + 10 turn in December  

and further to 22 _+ 23 mm in July 1992. 

V e r t i c a l  p o s i t i o n  of m u s s e l s  

In the experiment ,  it was a l ready observed  that mussels u n d e r n e a t h  fucoid cover  

were  posit ioned primarily in the mud, while  in the absence of Fucus vesiculosus most  
mussels were  posit ioned in clumps above  the mud surface. The re la t ive  position of 

mussels to the sediment  surface was recorded in replicate samples t a k e n  from mussel  
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Fig. 1. Height  of mud surface in experimental  mussel  beds, 4 beds  with and 3 without fucoid cover, 
measured  at irregular intervals be tween  July 1991 and  July 1992. Mean  values of 10 measurements  
each are plotted per  site and date (average s tandard demation 9.5 ram). Initial he ight  var ied 

be tween  84 and 105 mm and was standardized to the mean  of 95 mm to facilitate comparison 

b e d s  in  M 6 w e n b e r g w a t t  t h a t  c o m p r i s e d  a m o s a i c  of b a r e  p a t c h e s  a n d  p a t c h e s  w i t h  fuco id  

c o v e r  (Tab le  1). U n d e r n e a t h  fuco id  cover ,  t h e  d e n s i t y  of m u s s e l s  w a s  on ly  40 % of t h e  

d e n s i t y  w i t h o u t  a lgae ,  a n d  m o s t  m u s s e l s  h a d  s u n k  in to  t h e  m u d .  In t h e  p r e s e n c e  of 

fucoids ,  87 % of m u s s e l s  (>  10 ram)  w e r e  b u r i e d  in  m u d  w i t h  > 1/3 of t h e i r  she l l  l e n g t h  

( e n d o b e n t h i c  g rowth ) .  In t he  a b s e n c e  of fucoids ,  8 1 %  of m u s s e l s  w e r e  b u r i e d  in  m u d  

w i t h  < */3 of she l l  l e n g t h ,  m o s t  of t h e m  b e i n g  c l u m p e d  t o g e t h e r  in  e p i b e n t h i c  g a r l a n d s ,  

o f t en  2 to 3 m u s s e l  l e n g t h s  in  h e i g h t .  

F a u n a  of  m u s s e l  b e d s  w i t h / w i t h o u t  f u c o i d  c o v e r  

At  t he  two  i n v e s t i g a t e d  sites,  p a i r e d  s a m p l e s  f rom p a t c h e s  of m u s s e l  b e d s  cov-  

e r e d  w i t h  d e n s e  g r o w t h  of P u c u s  v e s i c u l o s u s  a n d  p a t c h e s  f r ee  of fuco id  a l g a e  r e v e a l e d  

s t r i k ing  d i f f e r e n c e s  in  e p i f a u n a l  s p e c i e s  c o m p o s i t i o n  ( T a b l e  2), w h e r e a s  t h e r e  w e r e  n o  

Table I. Abundance and position of A4ytilus edulis (> i0 mm shell length) in patches with (n = 
6 sites) and without (n = 6) Pucus vesiculosusin K6nigshafen, June 1991. The position is recorded as 
the percentage of individuals in infaunal position (> 2/3 of shell length sunk into the mud), semi- 

epifauna] (2/3 to 1/3) and epifaunal (< I/3). Asterisks assign significance level after U-test 

Mussels With Pucus Without Pucus Significance 
(~ + SD) (~ + SD) 

Ind./400 cm 2 49 -+ 16 122 • 24 "~ " 
% infaunal  19 - 15 3 +- 7 ' 
% semi-epifaunal 68 ___ 19 17 • 21 * ~ 
% epifaunal 13 +_ 13 81 _ 27 * * 
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conspicuous differences with respect  to infauna (Table3). Total species  number  was 

always h igher  on bare mussel  beds. Polychaetes,  in particular, were  less r ep resen ted  on 

Fucus-covered beds with regard  to numbers  of individuals. Abundances  of several  

species (primarily epifauna) differed significantly in relation to algal  cover  (Fig. 2): 

mussels (Mytflus edulis), common periwinkles  (Littorina littorea), shore crabs (Carcinus 
maenas) and barnacles  (including Balanus crenatus, Elminius modestus and Semi- 
balanus balanoides) were  more abundant  on uncovered  mussel  beds. For Carcinus 
maenas, this distribution was most p ronounced  in the O-group of crabs (< 1 cm carapace  

width). 

The isopod Jaera albifrons and the flat per iwinkle  Littorina mariae a t ta ined  higher  

densities on beds  with fucoid cover, the latter occurring exclusively on plots with fucoids 

present.  Differences be tween  covered  and uncovered  beds  were  qual i ta t ively the same at 

both invest igat ion sites, but  were  ref lected more clearly in the Oddewat t ,  which  had a 

h igher  number  of species as well  as individuals. At this exposed sRe, a g rea te r  percen-  

tage of animals was found directly on the algae. The diversity index H was  h igher  in the 

Oddewat t  (1.86) than in the M6wenbergwat t  (1.45). When  compar ing diversi ty and 

evenness  on mussel  beds with (F) and without  (O) F. vesiculosus, both pa ramete r s  were  

higher  on covered beds, regardless  of location (HF = 1.88; Ho  = 1.68 and eF = 0.56; eo  = 
0.48). The same holds true if the species using the macroa lgae  as habitat  (mainly Littorina 
spp., Gammarus spp. and Jaera albifrons) are d isregarded in the calculation, in order to 

assess their impact  on diversity measures.  In that case HF = 1.41 as compared  to Ho = 

1.34, and eF = 0.44 as compared  to eo  = 0.39. 

ind .m -2 

*** Mytilus edulis 

** Littorina littorea 

*** Carcinus maenas 

* Balanidae 

*** Gammarus spp. 

*** Jaera albifrons 
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Fig. 2. Relative abundance of macro-epifauna, differing significantly on mussel beds with/without 
fucotd cover. Means and standard deviations (n = 24) and total numbers [individuals m -2] corre- 

sponding to 100 %. K6nigshafen, summer 1990 
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DISCUSSION 

All in ter t ida l  musse l  beds  in K6nigshafen are at leas t  par t ly  covered  w i th  Fucus 

vesiculosus. No growth  has  been  repor ted  on subt idal  beds.  In 1988, Pa ruse l  (1990) 
es t imated  F. vesiculosus surface cover in the Oddewa t t  to be  50 %. In 1990 a n d  1991 it 
was 60 and 95 % and, at the second site, M6wenbergwat t ,  fucoid cover dec l ined  from 70 
to 55 %. Thus, there  is cons iderable  in te rannual  and  intersi te  variation,  but  fucoids  seem 
to have  b e e n  p resen t  in the  area  always (see also Nienburg ,  1927; Woh lenbe rg ,  1937; 
Kornmann,  1952; Reise, 1977; Reise et al., 1989). By t ak ing  samples  of be n th i c  macro-  
fauna se lect ively  from part ly  a lgae -covered  mussel  beds,  we  could opt imize the  in forma-  
tion gain  in re la t ion to s amphng  effort, which  is par t icular ly  t ime-consuming  in  musse l  
beds.  Also, it was  possible  to assess the effects of fucoid cover on musse l  beds  at d i f ferent  
levels by  compar ing  covered  and uncovered  plots (a) within s ingle musse l  beds ,  (b) of 
musse l  beds  at  one locat ion and (c) of all mussel  beds  i n d e p e n d e n t  of locat ion.  The 
following discussion will focus on a lga l -cover  effects observed  at both  inves t iga t ion  sites, 
neglec t ing  dif ferences  in species  composit ion which are due  to exposure  or t ida l  level.  

A l g a l  cover 

Our estimates of biomass refer to the above-ground thalli of P. vesiculosus. There is a 

considerable amount of thalli buried in mud. Judging from the dark colour and fragile 

nature, most of these thalli seem to consist of dead tissue. However, on resampling 

6 clipped plots 33, and again 41 days later, a daily regrowth of about 4 g dry weight m -2 

was calculated. Thus, what appears to be dead tissue showed a conspicuous potential for 

growth. Accordingly, our biomass figures were too low. At least part of the embedded 

thalli  consti tute v iable  biomass.  With its h igh  b iomass  and growth  potent ia l ,  F. ve- 

siculosus represen ts  an impor tant  factor on inter t idal  flats apar t  from its s t ructura l  effects: 
with a total musse l  b e d  a rea  in K6nigshafen of 46 000 m2,and an  ave rage  F. vesiculosus 

cover of 70 %, the  total dry weight  of this macroa lga  in the  bay  amounts  to 34 000 kg  or 
19 000 kg  ash-f ree  dry weight  in summer.  

M u s s e l  a b u n d a n c e  

The  exper imenta l  musse l  beds  covered with F. vesiculosus lost about  half  of the 
mussels  in the  course of one year,  and  the mud  surface in termit tent ly  inc reased  by  30 % 
of initial height .  Without  a lgal  cover, only 15 % of musse ls  were  lost and  the he igh t  of the 
mud surface dec reased  by  77 % within one year.  Presumably ,  deposi t ion  and  erosion 
processes  on musse l  beds  vary  with wea the r  condit ions and  d e p e n d  on size, shape ,  and  
location of the beds.  Our  exper imenta l  se t -up could not  perfect ly  s imulate  na tura l  
deposi t ion and  erosion because  artefacts  were  bound  to be  in t roduced  by,  for example ,  
the compara t ive ly  small  size of exper imenta l  musse l  beds.  However ,  the expe r imen t  
demonst ra tes  that  a lgal  cover affects sed iment  t ranspor t  on musse l  beds .  It is s u g g e s t e d  
that the lower  densi ty  of mussels  unde rnea th  fucoids is, at  leas t  in part ,  caused  b y  
enhanced  mud deposit ion.  This in terpre ta t ion  is subs tan t ia ted  (1) by  the observa t ion  that  
also on natura l  musse l  beds,  a b u n d a n c e  is lower  on overgrown pa tches  c o m p a r e d  to ba re  
ones (see TabIe 2); and  (2) by  the p redominan t ly  endoben th ic  posi t ion of musse l s  covered  



252 A. Albrecht & K. Reise 

by fucoids compared to epibenthic  clumps and garlands in the absence  of algae. We 
assume that mussels are suffocated by mud in the association with F. vesiculosus. This 
result is in fact the opposite of what  Nienburg  (1925, 1927) proposed, and  constitutes a 
strong a rgument  against  his hypothesis of the Fucus-Myti lus  assocation represent ing a 
mutual  relationship. 

Mussels are preyed upon by eiderducks (Somateria mollissima) as well  as other birds 
(oyster catchers, Haematopus  ostralegus, and  herring gulls, Larus argentatus), w hi c h  
might  respond negat ively to the presence of fucoids. Ketzenberg (1990) observed feeding 
behaviour  of these ducks, and  found no difference in feeding activity on fucoid-covered 
and uncovered beds. Also, Albrecht (1991) compared length-f requency distributions of 
mussel  populations on fucoid-covered mussel beds with those on uncovered  sites, but  
reported no differences. If macroalgal  cover significantly reduced predat ion (by birds as 
well as crabs), one would expect differing size spectra of mussels, because  normally 
predation is selective for certain size groups. Thus, mussels do not seem to profit from 
reduced predation undernea th  fucoid cover. 

S t r u c t u r a l  i n f l u e n c e  of a l ga l  cove r  

The algal cover may have beneficial  effects by buffering heat  stress, or as protection 
against  desiccation during summer  low tides. However, in the area of invest igat ion this 
did not seem to be effective. The reduced a bunda nc e  of barnacles  is l ikely to be a 
consequence of the decrease in bare mussel  surface area projecting into the water, and 
thus of the latter 's decreased availability as substratum. Apart from that, the F. ves- 
iculosus thalli which are moved back and forth by wave action may interfere with larval 
set t lement and the development  of barnacles, as has been  described for rocky shores 
(Menge, 1976). 

Several species seek shelter from predation under  algal' cover or in seagrass beds 
(Wilson et al., 1990). The same was expected for 'crabs, Carcinus maenas,  in relation to 
fucoids, especially since the shore crab spends most of its juveni le  lifetime in mussel  beds 
(Ropes, 1968; Eriksson & Edlund, 1977; Scherer & Reise, 1981). On intert idal  flats, mainly 
birds (gulls and oyster catcher - Zwarts, 1983) and fish (e.g. f lounder - J ensen  & Jensen,  
1985) prey on crabs, and it seems likely that C. maenas  would hide under  the dense cover 
of algae to escape them. However, our results reveal  the opposite, viz. the a bunda nc e  of 
C. maenas  was higher on mussel  beds free of macroalgae.  This refers particularly to small 
crabs, because juveniles ~ 10 mm carapace width comprised approximately 65 % of the 
populat ion in our study. It has to be ment ioned  that sampling at tow tide does not always 
reflect conditions at high tide. During submersion, fucoid thalli project into the water 
column, leaving an accessible sediment  surface undernea th .  On mussel  beds  without F. 
vesiculosus, where epibenthically growing mussels form a system of interstices be tween  
them, small crabs might in fact find better  hiding places than under  an algal vegetat ion 
where crevices and niches are mud-filled. 

A b u n d a n c e  of g r a z i n g  h e r b i v o r e s  

The grazing species, Littorina mariae, Gammarus  spp. and  Jaera albifrons, were 
significantly more abundan t  on F. vesiculosus -covered mussel  beds and  were all at least 
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par t ly  found as ep i fauna  directly on the algal  thalli. Feed ing  on adul t  fucoids by  
herbivores  was desc r ibed  for Littorina obtusata (van Dongen,  1956; Williams, 1990b), for 
the isopod Idothea balUca (Haahtela,  1984) or - under  c i rcumstances  of t empora l  
s tarvat ion - for Carcinus maenas  (Janke,  1990). However ,  f i lamentous greens  are  gener -  
ally p re fe r red  as food by  grazers,  when  given the a l ternat ive to fucoids, because  the  la t ter  
succeed  in de te r r ing  grazers  by  mechan ica l  as well  as chemical  defense  mechan i sms  
(Nicotri, 1980; Watson & Norton, 1985; Hay  & Fenical,  1988). Herbivore  graz ing  on 
juveni le  fucoids, which has  been  descr ibed  for rocky shores (Lubchenko, 1983; Chap-  
man, 1990; Janke ,  1990), finds no para l le l  on inter t idal  sediments  because  there  are no 
young  fucoids present ,  as reproduct ion occurs solely vegeta t ively .  The F. vesiculosus 
thalli  in K6nigshafen showed  graz ing  marks  which have  been  obse rved  to or iginate  from 
Gammarus  spp., but  field- and  labora tory  exper iments  of Reise and Asmus  & Asmus  
(unpubl.) also demons t ra t ed  the pre fe rence  of gammar ids  for f i lamentous g reen  algal  
species.  H a a g e  (1975), Jansson  & Wulff (1977), Ca t taneo  (1983) and Will iams (1990b) all 
ment ion  the impor tance  of ep iphyt ic  dia toms on fucoids for several  graz ing  herbivores .  
However ,  the quest ion as to what  ex tent  fucoids, on the  one hand,  and  ep iphyt ic  micro- 
and macroa lgae ,  on the  other, contr ibute  to the diet  of the  abundan t  grazing spec ies  is as 
yet  unanswered  and has  to remain  the  subject  of further inves t iga t ions .  

H ighe r  pe rcen tages  of graz ing  organisms found direct ly on the a lgae  at  our exposed  
study site might  indicate  the addi t ional  uti l ization of the thalli  as hab i ta t  and  for 
protect ion agains t  mechanica l  stress, which  becomes  more p ronounced  the more 
exposed  the location. Nicotri  (1980) descr ibes  such vary ing  signif icances of host  a lgae  as 
habi ta t  and  food source for epi faunal  grazers.  Also, r e duc e d  preda t ion  pressure  of fish 
and shr imp on amphipods  associa ted  with  macroa lgae  was  documen ted  by  Nelson (1979) 
and Stoner  (1979, 1980). 

For Littorina mariae, the associat ion with fucoids is impera t ive  (Williams, 1990a; this 
study). Will iams descr ibes  not only spat ia l  but  also t empora l  l inkage  of L. mariae to its 
host a lgae,  in that  the life history of the per iwinkle  is synchronized  with that  of the  a lgae.  
He also ment ions  a par t icular  bond  of L. mar i ae  to fucoids, because  the snail  deposi ts  its 
egg  masses  on the a lgal  thalli  (in contrast  to the common per iwinkle ,  which deposi ts  its 
eggs  into the water).  This was also obse rved  in our study. The fact that  Littorina fittorea 

r eached  h igher  densi t ies  on mussel  beds  free of F. vesiculosus is surprising, when  t ak ing  
into account  that  food and fe~ding mechan i sms  are similar to Littorina mariae - in that  
diatoms as well  as e p h e m e r a l  or juveni le  macroa lgae  are prefer red  foods (Lubchenko,  
1978, 1983; Lein, 1980; Enright  et  al., 1983; Petraitis,  1983; Watson & Norton, t985; Imrie 
et al., 1990). However ,  the common per iwinkle  is known to graze  on a b road  r ange  of 
surfaces, and  in K6nigshafen it p re fe rab ly  associates  with solid subs t ra ta  (Wilhelmsen & 
Reise, 1994). Because L. littorea is la rger  and  its shell  projects  more from the surface than  
that  of L. mariae, its p resence  on the a lga l  thall i  swaying  with the waves  and currents  
might  be  more difficult to maintain.  Fur thermore ,  the shading  effects of fucoids may  limit 
the growth of unders to rey  a lgae  (juvenile mac roa lgae  and diatoms) and, thus, also the  
food supply  for per iwinkles  on covered  musse l  beds  (Chapman,  1990; Parusel,  1990). 

We  conclude that  macroa lga l  cover wi th  Fucus vesiculosus forma mytili  on inter t idal  
mussel  beds  changes  the  surface proper t ies  of the b e d  and  therefore  mainly  affects 
associa ted  species  of epifauna.  This holds true for she l te red  as well  as exposed  locations, 
and  thus for mussel  beds  with different  physical  and  biological  characterist is .  Fucoids 
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e n h a n c e  s e d i m e n t a t i o n  w h i c h  l e a d s  to su f foca t ion  of pa r t  of t he  m u s s e l  popu la t i on ,  

c aus ing  the  r e m a i n i n g  ind iv idua l s  to g r o w  mo s t l y  e n d o b e n t h i c a l l y .  T h e r e f o r e ,  the  sub -  

s t r a tum a rea  for ep ib ion ts ,  for i n s t a n c e  b a r n a c l e s ,  is r e d u c e d ,  a n d  so is t he  in ters t i t ia l  

s p a c e  b e t w e e n  m u s s e l s  t ha t  is u s e d  b y  o t h e r  c o m m u n i t y  m e m b e r s  as  mic rohab i t a t .  

Second ly ,  fuco id  cove r  s e rve s  - d i rec t ly  or i nd i r ec t l y  - as  food for h e r b i v o r e s .  Whi l e  d i rec t  

c o n s u m p t i o n  of P. v e s i c u l o s u s  a p p e a r s  to b e  less  impor t an t ,  e p i p h y t i c  g r o w t h  of d i a t o ms  

a n d  f i l a m e n t o u s  g r e e n  a l g a e  on  l =. v e s i cu l o sus - t ha l l i  p r o v i d e s  food  for s e v e r a l  g r a z i n g  

spec ies .  

The  m a c r o a l g a l  cove r  of m u s s e l  b e d s  w i t h  P. v e s i c u l o s u s  par t ly  i n c r e a s e s  h ab i t a t  

complex i t y  t h r o u g h  add i t i on  of a c a n o p y  s t ruc ture ,  but,  at  t he  s a m e  t ime,  r e d u c e s  

u n d e r s t o r e y  h a b i t a t  c o m p l e x i t y  by  e l im ina t i on  of l iving s p a c e  c a u s e d  b y  s e d i m e n t  

accumula t i on .  

M a c r o b e n t h i c  e n d o f a u n a  is little i n f l u e n c e d  by  fuco id  cove r  on  m u s s e l  b e d s ,  b u t  

overa l l  m a c r o b e n t h i c  d ivers i ty  is i n c r e a s e d .  
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