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ABSTRACT: During the late summer and early fall, juvenile shore crabs (Carcinus maenas L.) 
occurred in high abundances in mussel clumps scattered on tidal flats of the Wadden Sea. 
Abundances were much lower on bare tidal fiats without mussel clumps and decreased substantially 
from July to November, whereas numbers in mussel clumps remained high. Large crabs left the tidal 
flats in early fall, whereas juveniles undertook tidal migrations only in the late fall. In March very 
few shore crabs were found in the intertidal area. The size of juvenile shore crabs living between 
mussels did not increase significantly during fall. On the bare tidal flats surrounding the mussels, a 
size increase was observed. Mussel beds and mussel clumps serve as a spatial refuge for the early 
benthic phases of juvenile shore crabs. Between mussels they can hide effectively from their 
epibenthic predators. Juvenile shore crabs do not leave the intertidal area and the mussel habitats 
before their major predators have left the area. Mussel clumps scattered over the tidal flats may be a 
critical refuge for juvenile shore crabs settling on tidal fiats. Intensified efforts in mussel culturing in 
the European Wadden Sea during recent decades may have caused an increased abundance of 
mussel clumps on tidal fiats, thus enhancing habitat availability for some mussel-chimp inhabitants. 

INTRODUCTION 

One  of the most important predators on tidal fiats, the shore crab Carcinus maenas 
itself suffers from heavy predation pressure by large epibenthic  predators  (Reise, 1985). 

Shore crabs are prey of fishes and various shorebirds, e.g. redshanks,  greenshanks ,  

curlews, eiders and gulls (Zwarts, 1981; Reise, 1985; Nehls, 1991; Dernedde,  1992, 1993; 
Dumas & Witman, 1993). Juveni le  shore crabs and post-moult  individuals  are susceptible 

to intraspecific predation. High abundances  of juveni le  shore crabs can be found in the 

h igh  intertidal, despite the risk of physiological  stress result ing from large fluctuations in 
tempera ture  and salinity in this zone. However ,  predat ion  pressure from adult s tages of 

shore crabs, shrimps or fishes is depressed  in the h igh  intertidal (G6nther, 1990). The 

small-sized juveni le  shore crabs (1-10 mm carapace  width) are mainly prey of the latter 
epibenthic  predators reaching the tidal flats during high tide, whereas  the adult shore 
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crabs are common prey items for shore birds, especially gulls. Small gulls (Larus 
ridibundus, Larus canus) feed preferentially on medium-s ized shore crabs (10-30 mm 
carapace width). The herr ing gull {Larus argentatus) feeds almost exclusively on large- 
sized crabs (30-55 mm carapace width), if these are available (Dernedde, 1992, 1993). 

High densities of shore crabs are reported from mussel  and seagrass beds, whereas  
numbers  in featureless sedimentary habitats are low (Klein-Breteler, 1976a; Reise, 1985). 
This implies that shore crabs, like other invertebrates,  benefi t  from protection in such 
highly structured habitats as mussel  or seagrass beds (see also Summerson  & Peterson, 
1984; Reise, 1985; Mattila, 1992). The availability of spatial refuges is particularly 
important  to decapod crustaceans dur ing their early benthic  phases (Heck & Thoman ,  
1981; Armstrong & Gunderson,  1985; Wilson et al., 1986; Orth & Montfrans,  1987; 
Barshaw & Bryant-Rich, 1988; Wahle & Steneck, 1991, 1992). 

Mussel  beds (Mytilus edulis) and  seagrass beds (Zostera noltii) are restricted to 
certain zones within a tidal basin and may be absent  in large areas of the European 
Wadden  Sea (see Dijkema, 1989). They rarely cover more than a few percent  of the 
intertidal areas, but  play an important  role in the set t lement  of the first ben th ic  phases of 
C. maenas. High densities of C. maenas within mussel  beds occur immedia te ly  after 
larval set t lement (Klein-Breteler, 1976a; Eriksson & Edlund, 1977). 

Most mussel  beds are located at the low-tide line (Nehls & Thiel, 1993), bu t  in many  
parts of the European Wadden  Sea small clumps of mussels are scattered over the tidal 
flats. Because many  small animals are associated with mussel  clumps (Tsuchiya & 
Nishihira, 1985; Thiel & Reise, 1993), we surmised that these clumps may  serve as a 
spatial refuge for juveni le  shore crabs. The spatial distribution of shore crabs with respect 
to mussel  clumps as a micro-habitat  was, therefore, a major focus of our study. In earlier 
studies it has been  assumed that juveni le  shore crabs remain  in the intert idal  area during 
the winter  months  (Atkinson & Parsons, 1973; Klein-Breteler, 1976b; Scherer & Reise, 
1981; Reise, 1985). Sampling for our study was extended into the winter  to examine  the 
temporal distribution pat tern of juveni le  shore crabs in the intertidal area. 

The objectives of this study were to examine  the habitat  use within the intertidal 
region by juveni le  shore crabs during their first months of benthic  life, and  to determine 
whether  a seasonal  habitat  shift takes place. On the basis of our results, we  discuss the 
increase of the shore crab populat ion in the study area dur ing the last few decades (cf. 
Riesen & Reise, 1982; Reise & Schubert,  1987; Reise et al., 1989) 

MATERIAL AND METHODS 

This study was carried out in the Nord-Sylter Wat tenmeer  in the nor thern  part of the 
European Wadden  Sea (Fig. 1). The a b u n d a n c e  of shore crabs was de te rmined  along two 
transects from the high intertidal to the low tide line, with four stations in the Oddewatt  
and  three stations in the Nil6nnwatt  (Fig. 1). Quanti ta t ive sediment  samples  with a 
surface area of 500 cm 2 were taken with a metal  corer to a depth of about  15 cm. Two 
sample types were dist inguished: sediment  with mussel  clumps and sed iment  without 
mussel  clumps. Samples without mussel  clumps contained only the sediments ,  with the 
exception of the samples from the high intert idal  in the Nil6nnwatt,  which contained 
considerable amounts  of seagrass. At each station, 6 samples of each sample type (6+6) 
were taken. Both sample types (with and without mussel  clumps) were sieved through a 
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Fig. 1. Study area 'Nord*Sylter Wattenmeer' with the two transects NilSnnwatt and Oddewatt; 
intertidal areas are shaded. 

1000-~m mesh sieve for macrofauna. All shore crabs found in these samples were 
counted. The Nfl5nnwatt  transect was sampled only once in July / August  1991, whereas  
the Oddewat t  transect was sampled in July 1991, November  1991 and  March 1992. The 
Mann-Whi tney  U-test (Zar, 1984} was used to determine whether  there was a significant 
difference in shore crab numbers  be tween  samples with and without mussel  clumps. 

To investigate whether  juvenile  shore crabs from the mussel  bed  and those from the 
surrounding bare sediment  differed in size, the size-frequency of shore crabs in the 
mussel  beds of the Oddewatt  was examined  be tween  August  and November  1991. 
Juveni le  shore crabs were collected with a metal  corer (500 cm 2} from bare sediments  
without blue mussels and from samples taken  within the mussel  bed. The carapace width 
was taken as a measure  of size (see Demedde,  I992}. To test whether  significant size 
changes occurred dur ing the sampling period, we apphed a one-way ANOVA, followed 
by a post-hoc Tukey-test  (Zar, 1984}. 

Between August  and November  1991, shore crabs migrat ing onto the tidal flats 
during the high tide were collected in 10-1itre bucket  traps in the MSwenbergwat t  
{Fig. 1). Buckets with an opening diameter  of 28 cm were dug into the sediment  at the 
low-tide line immediately before the tide returned. The upper  edge of the buckets  was 
flush with the sediment  surface. When  the buckets  became exposed at the next  low tide, 
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shore crabs were removed from the buckets  and their carapace width was measured.  
Buckets were left exposed for a night  high tide and the subsequen t  day high tide. 

RESULTS 

In July 1991 we found very high numbers  of shore crabs within musse l  d u m p s  in 
both transects (Figs 2, 3). In the seagrass bed  in the high intert idal  of the Ni l6nnwat t  
transect, young  shore crabs reached about  the same abundances  as in the mussel  clumps 
at this station (Fig. 2). No significant differences in shore-crab a b u n d a n c e s  be tween  the 
mussel  d u m p s  in  the seagrass bed  and  the surrounding seagrass bed  area could be found 
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Fig. 2. Abundance of shore crabs (Carcinus maenas) in sediment samples, some containing mussel 
clumps and others without mussel clumps, at 3 stations of the Nil6nnwatt transect. Stations are 
located in the high, mid and low intertidal zone, respectively. At each station, 6 + 6 samples of 
500 cm 2 were taken and sieved with a 1000-~m-mesh sieve. Lines above the boxes represent one 
standard deviation; statistical differences between samples: n.s. not significant, (*) p<0.1, 

* p < O . 0 5 ,  * "  p<O.01 

(Mann-Whitney U-test, p > 0.1). In contrast, there were significantly fewer shore crabs on 
the bare tidal flats in the mid and low intertidal than in the mussel  c lumps at these 
stations (Mann-Whitney U-test, p < 0 . 0 5 ;  see Fig. 2). Abundances  of shore crabs in 
mussel  clumps of the three stations were similar. 

High abundances  of shore crabs were also found in mussel-chimp samples of the 
Oddewatt  transect (Fig. 3). Between July and November  1991, shore crab n u m b e r s  on the 
featureless tidal fiats decreased and  remained  tow until  March 1992. Shore  crab numbers  
in the mussel-chimp samples from the high and low intert idal  increased unt i l  November,  
but  decl ined strongly be tween  November  1991 and March 1992 (Fig. 3). 

The average size of juveni le  shore crabs from the bare  tidal flats increased  signifi- 
cantiy be tween  August  and  September  1991 (one-way ANOVA, followed by  Tukey-test,  



2 
indJ500 cm 

Shore crab recruitment on tidal flats 

[ ]  sediment without mussel clumps 

BB sediment with mussel clumps 

325 

( * )  

J u l y  1991 

( * ) 1  * *  

N o v e m b e r  1991 

.k t 

n . s ,  * 

0 

1( 
M a r c h  1 9 9 2  

( * ) n.s. n.s. n.s. 

high upper mid lower mid - low 

Fig. 3. Abundance of shore crabs (Carcinus maenas) in sediment samples, some containing mussel 
clumps and others without mussel clumps, at 4 stations of the Oddewatt transect. Stations are located 
in the high, upper and lower mid, and low intertidal zone, respectively. See also legend to Figure 2 

p <  0.05), whereas  in the mussel  bed  be tween  August  and November  i991 no significant 
size change could be observed (one-way ANOVA, p > 0.05; Fig. 4). 

During the summer  months large crabs were predominant  within the bucke t  traps, 
but  they started to decrease in numbers  in September  1991 {Fig. 5}. A shift in  the relative 
numbers  of small and large shore crabs occurred in the autumn,  and  in November  the 
majority of shore crabs collected in the buckets  were juveni le-s tage crabs (Fig. 5}. 
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Fig. 4. Average size of shore crabs (Carcinus maenas) collected in sediment samples containing 
mussels and without mussels. Samples were taken in the mussel bed of the Oddewatt with a metal 
corer and sieved with a 1000-~tm-mesh sieve. The average and standard deviation for each sampling 

date are presented; n = number of juvenile shore crabs measured per sampling date 

DISCUSSION 

S p a t i a l  d i s t r i b u t i o n  of j u v e n i l e  s h o r e  c r a b s  in t h e  e a r l y  b e n t h i c  p h a s e  

Juveni le  shore crabs occur in high abundances  (regularly > 10 ind./500 cm 2) in 

mussel  clumps scattered over tidal flats, whereas  abundances  on bare tidal flats are low 
(rarely > 5  ind./500 cm2). The densit ies which we reported from the bare  tidal flats 

correspond with numbers  provided by Klein-Breteler  (1976a) and B e u k e m a  (1991) for 
tidal fiats in the Netherlands.  

Juveni le  shore crabs are small enough  to hide effectively be tw een  mussels  (see also 
Albrecht  & Reise, 1994). Here they find a safe refuge  for the first months  of their benthic  

life, as is reflected by their high abundance  in the mussel -bed env i ronment  (Klein- 

Breteler, 1976a; Eriksson & Eldund, 1977). Those sett l ing on the bare tidal fiats may  suffer 

from intensive predat ion pressure by large epibenthic  predators (fishes, shrimps and 
adult shore crabs - see e.g. Reise, 1985). This is reflected in the decreas ing  densit ies we  

repor ted  from featureless tidal flats b e t w e e n  July  and November  1991. Data g iven  by 

Klein-Breteler (1976b) and Beukema  (1991) indicate  that this strong dec rease  occurs 
regular ly on sandy tidal flats as early as August  and September .  The a b u n d a n c e  of 

juveni le  shore crabs in mussel  clumps did not decrease  to the same extent  as on the bare 

tidal fiats be tween  July and N o v e m b e r  1991, thus indicating that they  are better  



Shore crab recrui tment  on t idal  flats 327 

[ ] _ . . . .  . . . . . . . . . . . . . . . . . . . . .  

/ /  September (n=651) 

3 0  ; ~ ~  August (n=169) 
4o 

carapace width [ mm ] 60 

Fig. 5. Size frequency distribution of shore crabs (Carcinus maenas) collected in bucket traps during 
high tides at night and the subsequent day. On each sampling date, ten buckets were sunk, flush 
with the sediment surface, along the low-tide line immediately before the tide turned. Buckets were 

emptied as soon as they were exposed again after high tides 

protec ted  within the mussel  clumps. Prolonged recrui tment  may  also contr ibute  to the  
relat ively high abundances  of juveni le  shore crabs in the musse l  envi ronment  dur ing  
autumn (Klein-Breteler, 1976b). 

During ear ly au tumn the size of shore crabs on the ba re  sediments  inc reased  
significantly. In contrast, no increase  was de tec tab le  within the mussel  bed.  Similarly, 
Klein-Breteler  (1976a, see Fig. 5b) observed  a much s tronger  s ize- increase  in feature less  
sandy habi tats  than in mussel  beds.  Small  s tages  of benth ic  crus taceans  select  small  
crevices, whereas  larger  individuals  are found in less complex environments  (Yoshimura 
& Yamakawa,  1988; Hacke r  & Steneck,  1990). Hence ,  the hole size and avai labi l i ty  of 
intersti t ial  spaces  be tween  mussels  may  be  a l imit ing factor p revent ing  the growing  
juveniles  from hid ing  effectively in the mussel  habi ta t  (see also Wahle,  1992; Albrecht  & 
Reise, 1994). After  reach ing  a cer ta in  size, juveni le  shore crabs no longer  fit b e t w e e n  
mussels,  and  consequent ly  abandon  the musse l  refuge.  We assume that  dur ing  ear ly  
autumn the growing  juveni le  shore crabs cont inuously leave the  mussel  beds  and  d u m p s  
which provided  them with a spat ia l  refuge dur ing their  early benth ic  phases .  This spat ia l  
refuge is of major  impor tance  dur ing  the ear ly benth ic  phases  when  juveni le  shore crabs 
moult  several  t imes within 4 months (August-November) ,  but  the mussel  b e d  becomes  
less important  in late  fall when  moul t ing stops (see Bfickmann & Adelung,  1964). With  the  
decreas ing  moult  f requency  in late  autumn,  juveni le  shore crabs become  less suscept ib le  
to intraspecific p reda t ion  and  en te r  the bare  t idal  flats for t idal  migrat ions  at a per iod  
when  other predators ,  such as adul t  shore crabs,  shrimps, shorebirds  and fishes, are  less 
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common (Fig. 6). The shel ter-providing mussel  environment  funct ions as a catalytic 

habi ta t  during the recrui tment  of the early benthic phases of the shore crab  (Fig. 6). 

La te  e m i g r a t i o n  of j u v e n i l e  s h o r e  c r a b s  f r o m  the  i n t e r t i d a l  a r e a  

Juveni le  shore c rabs ,were  first found in the bucket  traps in Sep tember ,  w h e n  the 
largest  adults started to leave the intert idal  zone. During this t ime they a re  still suscept-  

ible to waders  and small gulls (i.e. b l ack-headed  and common gulls), which  show a 

I 
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Pig. 6. Life conditions of juvenile shore crabs (Carcinus maenas) in the Wadden Sea during their first 
year. Mussel clumps (dark shading) in the intertidal zone (light shading) constitute a spatial refuge 
for the juvenile shore crabs during their first months of benthic hfe. Juvenile shore crabs undertake 
tidal migrations after their major predator s have left the intertidal area. This period of decreased 
predation in the intertidal constitutes a temporal refuge for the juvenile shore crabs. All stages of the 

shore crab population spend the winter in the subtidal waters (no shading) 
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preference  for smaller  shore crabs (Zwarts, 1981; Dernedde ,  1992, 1993). The major i ty  of 
gulls leave  the northern parts  of the  European  W a d d e n  Sea after September ,  wi th  only 
very few gulls p resen t  in October  (Busche, 1980; Kempf et al., pets.  comm.). In October,  
the la rge  epibenth ic  predators  of juveni le  shore crabs (fishes, shrimps and adul t  shore 
crabs) have  also left the t idal  flats (Hiittel, 1984). A/most  exclusively juveni le  shore crabs 
were  found in the bucke t  traps in November .  This suggests  that  they do not  suffer from 
preda t ion  by  large  epibenthic  predators  dur ing  this per iod  as they do in ear ly autumn.  

The discernible  increase  in the numbers  of juveni les  in the  bucke t  t raps m a y  resul t  
la rgely  from decreas ing  preda t ion  pressure  by  adul t  shore crabs in autumn.  Simple  
bucke t  traps, such as those used  in our study,  m a y  distort  the natura l  si tuation, as 
intraspecif ic  preda t ion  among shore crabs m a y  be  intensif ied within the buckets .  How- 
ever, a i though predat ion  on juveni le  shore crabs may  be  enhanced  in the b u c k e t  traps,  
their  almost  complete  absence  in the bucke t s  in Augus t  shows that  juveni le  shore crabs 
do not  migra te  in large numbers  over the  ba re  t idal  flats dur ing the summer  months.  

The strong increase  of juveni le  shore crab numbers  in the bucke t  t raps m a y  also be  a 
consequence  of decreas ing  seawater  t empera tu res  (under 5 ~ in N o v e m b e r  1991). 
Will iams & Naylor  (1967) showed that  t idal  migrat ions by  juveni le  shore crabs can  be  
induced  by  tempera tures  be low 4 ~ This induct ion of t idal  migrat ions may  also have  
resul ted  in the strong increase  of juveni le  shore crabs in the  bucke t  t raps in N o v e m b e r  
1991, since seawate r  t empera tu res  in the  s tudy a rea  d roppe d  be low 5~ in N o v e m b e r  
1991 (Martens unpubl.) .  Concurrent  with the  increase  of juveni le  shore crabs appa ren t ly  
par t ic ipat ing  in the t idal  migrat ions (see bucke t  traps), we  obse rved  a dec rease  of shore 
crabs remain ing  in the bare  sediments  dur ing  low t ides (see also Beukema,  1991 - 
Fig. 2a). 

Our  results indicate  that  juveni le  shore crabs leave  the inter t idal  a rea  la te r  than  the  
adul t  shore crabs. This per iod of re la t ively  low preda t ion  pressure  in the ba re  t idal  fiats 
increases  the  survival chances  of juveni le  shore crabs leaving  mussel  refuges.  Despi te  
occasional  f indings of small  crabs bu r i ed  in the sed iment  in the lower in ter t idal  a rea  
(Armonies,  Reise, pets.  comm.), it is ev iden t  from our results  that  almost no shore crabs 
remain  in the intert idal  zone during the win te r  months.  Juveni le  shore crabs therefore  do 
not h iberna te  in large  numbers  in the in ter t idal  zone as was  assumed  by Scherer  & Reise 
(1981). Based  on our results we sugges t  that  they  migra te  into subtidal  waters  dur ing  the 
winter,  but  do so as late in the season as possible,  when  the majori ty of their  impor tan t  
predators  have  left the t idal  flats (see Fig. 6). 

We cannot  de te rmine  with certainty whe the r  the  majori ty  of juveni le  shore crabs 
suffered from unfavourable  wea the r  condit ions in the inter t idal  area  dur ing the winter  o r  

whethe r  they  all act ively left the t idal  flats. However ,  the bucke t  trap da ta  indica te  that  a 
significant proport ion of the juveni le  shore crabs  par t ic ipa tes  in the t idal  migra t ion  and  
stays in the subt idal  waters  dur ing the p r eced ing  winter.  The suppressed  feed ing  of shore 
crabs in wate r  t empera tu res  be low 7 ~ (Ropes, 1968) and  their  r educed  activi ty dur ing  
the winter  months (Dries & Adelung,  1982) may  decrease  the preda t ion  pressure  on 
juveniles,  thereby  al lowing the coexis tence of juveni le  and  .adult shore crabs in subt idal  
waters  (Fig. 6). As the  winter  of 1991792 was  a very mild winter  (Deutscher Wet terdiens t ,  
pe ts  comm.), it can be  assumed  that  the obse rved  deser t ion  of t idal  flats by  shore crabs 
occurs every  winter.  At the end of the win te r  the number  of shore crabs re turn ing  to the 
t idal  flats and  their  t ime of arrival  on the  t idal  flats differs be tw e e n  years  with cold winters  
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and  those with mild winters (Beukema, 1991), Our data suggest  that not on ly  the severity 
of the winter  but  also the onset date of cold temperatures  in the au tumn  may inf luence 
the survival rate of juveni le  shore crabs. An early temperature drop i n d u c i n g  the tidal 
migration of juveni le  shore crabs (Williams & Naylor, 1967) would expose the  juveni les  to 
a high predat ion risk from shorebirds or large epibenthic predators. 

I m p l i c a t i o n  for the  l o n g - t e r m  d e v e l o p m e n t  of the  sho re  c r ab  p o p u l a t i o n  

An increase in mussel  abundance  in the Wadden  Sea of Schleswig-Holstein has been  
indicated in some recent  studies (Riesen & Reise, 1982; Reise & Schubert,  1987; Reise et 
al., 1989). Although Nehls & Thiel (1993) could not show a significant increase  of mussel  
bed  extension in the Schleswig-Holstein Wadden  Sea during the last 55 years,  there has 
unques t ionably  been  a huge  expansion of mussel  culturing in this area (Nehls & Ruth, in 
prep.). The mechanica l  impact on natural  or artificial mussel  beds by the mussel  fishery 
can produce large numbers  of dislodged mussel  clumps, which may then  be carried 
shoreward by tidal currents. Once arrived in the intertidal area, many  of these mussel  
clumps become reattached to the bottom, providing a stable micro-habi ta t  unti l  at least 
late au tumn (Thiel, 1992). Without mussel  clumps in the tidal flats, the early benthic  
phases of shore crabs would be exposed to strong predat ion pressure  from large 
epibenthic  predators (Reise, 1985). Tsuchiya & Nishihira (1985) showed that the abun-  
dance of mussel-c lump inhabi tants  increases with decreasing patch-size. Mussel-har-  
vesting activities may therefore have a positive effect on the a b u n d a n c e  of pe rmanen t  
and temporary mussel-clump inhabi tants  by scattering large numbers  of relatively small 
mussel  d u m p s  onto tidal flats or into subtidal waters (Reise & Schubert,  1987; Reise et al., 
1989; Nehls & Thiel, 1993). 

The long-term increase of the shore crab populat ion in some areas of the Wadden  
Sea is assumed to be a result of the growth of the mussel  populat ion (Riesen & Reise, 
1982). Our data suggest  that the spread of mussel  clumps onto the tidal flats, resulting, in 
part, from mussel-harvest ing activities, may enhance  the survival of juveni le  shore crabs 
in tidal flats, thereby contributing to the increase of the shore crab populat ion in parts of 
the European Wadden  Sea. 
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