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Is Food Shortage the Cause of Eider Duck 
Mortality?

Shellfish and Crab Abundance in the Dutch Wadden 
Sea 1994 -  1999

Introduction
Increased E ider duck (S om ate ria  m olliss im a) m or­
ta l i t y  in w in te r  1999 /2 0 0 0  raised questions ab o u t 

food  abundance and ava ilab ility . Eiders found  dead 
showed c lear signs o f  s ta rva tion  and i t  was hypo th ­
esized th a t there  was a lack o f  available food  (Cam- 

phuysen, 2000). O ther p o te n tia l causes, such as 
diseases o r p o llu tio n , have also been considered 
(van den Berk e t al., 2000). Some au tho rs  have 
presented pa ras ite  in fe s ta tio n  as a possible cause 
o f  m o r ta lity  (Borgsteede, th is  vo lum e).

The dynam ics o f  im p o rta n t prey abundances 
ove r a period o f  6  years are presented in  th is  pa­
per and are based on annua l surveys conducted  

ove r th e  e n tire  W adden Sea and near shore coast. 
The d o m in a n t prey species are mussels (M y tilu s  
edulis), cockles (Cerastoderma edule), trou g h  shells 
(S p isu la  su b tru n ca ta )  and shore crabs (Carcinus  

meanus) (Leopold e t al., 2000). This paper addresses 
th e  ques tion  as to  w h e th e r th e  abundance and 
q u a lity  o f  prey species showed a b n o rm a litie s  in 

1 9 9 9 /2 0 0 0  and to  w h a t e x te n t th is  cou ld  be con ­
sidered a possib le  exp lana tion  fo r  increased Eider 

d u ck  m o rta lity . As no extens ive  in fo rm a tio n  is 
a va ilab le  on fo o d  preferences o f  s ta rv in g  Eider 
ducks (Leopold  e t al., 2000), da ta  on th e  to ta l 

a m o u n t o f  she llfish  and a d d itio n a l da ta  o f  yea r or 

size class and qua lity , are presented here as an 
in d ica tio n  o f  th e  a m o u n t o f  prey ava ilab le .

Materials and 
Methods

In th e  fra m e w o rk  o f  an analysis o f  Eider duck m or­

ta l i ty  causes, she llfish  and crab data from  th e  W ad­
den Sea and near shore coast w ere w orked  o u t fo r  

th e  period 1 9 9 4  -1 9 9 9 .

Mussels
Data on m ussel stocks w ere derived from  annual 

surveys o f  w ild  su b lito ra l and lito ra l mussel beds, 
and from  m arke t de livery data o f  co n su m p tio n ­

sized mussels. S ub lito ra l mussel surveys are car­
ried o u t in  M a rch  on a q u a n tita t iv e  basis in  the  
fra m e w o rk  o f  mussel seed inven tory . In S ep tem -
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F igu re  4 :  T o ta l s h e llf is h  

s ta n d in g  s to c k  1 9 9 4  -  
1 9 9 9  in th e  W adden  Sea 

area.
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ber, a q u a lita tiv e  cheek fo r  mussel seed is carried 

ou t. Sam pling is done from  a com m erc ia l vessel 
using a suc tion  dredge w ith  a sam p ling  w id th  o f  

20 cm, and a mesh w id th  o f  5x5  m m, to  a sed i­

m en t dep th  o f  10 cm , a d is tance  o f  100 m. The 
sam pling surface is 20 m 2. Samples are sieved on ­

board over a 5x5  m m  mesh, th e n  so rted  by size 
and fin a lly , th e ir  fresh w e ig h t is de te rm ined . The 
surveys in th e  su b tid a l areas are re s tr ic te d  to  the  

w este rn  p a rt o f  th e  D utch  W adden Sea as no sub - 
t id a l mussel stocks o f  any im p o rta n ce  occu r in 

th e  eastern part. L ito ra l mussel stocks are su r­
veyed along w ith  th e  annual cockle survey in  A p r il-  

M ay on all t id a l f la ts  in th e  D utch W adden Sea. 
D ispersed stocks are sam pled as p a rt o f  th e  cock­
le survey, w h ile  mussel beds are q u a n tif ie d  on th e  

basis o f  aeria l photography, fo llo w e d  by w o rk  car­
ried o u t on th e  ground. Data concern ing  th e  stock 

o f  mussels on c u ltu re  p lo ts  are ca lcu la te d  on the  
basis o f  bo th  m arke t de livery and mussel seed fis h ­
ery data. As lim ite d  in fo rm a tio n  is ava ila b le  on 

th e  a c tiv it ie s  o f  mussel fa rm ers  w ho  tra n s p la n t 
th e ir  stocks, standard conversion fac to rs  were used 

fo r  g ro w th  fro m  seed to  h a lf-g ro w n  mussels to  
consum p tion  mussels. As these convers ion  fa c ­
to rs  m ay d if fe r  in  tim e , th e  presented estim a tes 

o f  th e  s tock o f  mussels on p lo ts  shou ld  be in te r ­
p re ted  w ith  care. A ll mussels are traded  th ro u g h  

an a uc tion , w here  data are co llec ted  on th e  to ta l 
de liveries, size range, flesh  co n ten t, a m o u n t o f 
barnacles on th e  shells and o th e r ta rra ; hence, an 

extensive database is now  ava ilab le  on consum p­
t io n  mussels.

Cockies
A nnua l surveys o f  cockle stocks are carried o u t in 
A p r il-M a y  a t a p p ro x im a te ly  1,500 s ta tio n s  in the  

in te r t id a l and sh a llo w  su b tid a l zones o f  th e  W ad­

den Sea. A  s tra tif ie d  survey design is applied, w h ich 
is based on in fo rm a tio n  from  fishe rm en  on the  
occurrence o f  cockle beds. Data fro m  sam pling  

s ta tio n s  are m u ltip lie d  w ith  th e  surface  co rre ­
sponding to  th e  s tra tu m  o f  th a t  s ta tio n . Cockles, 

toge the r w ith  mussels, M acom a ba lth ica  and o ther 

b ivalves, are sam pled w ith  a special device, w h ich  

co llec ts  0.1 m 2 o f  sed im en t to  a depth  o f  10 cm, 

th e n  sieves i t  over a 5x5  mm mesh, and fin a lly , 
th e  fresh w e ig h t is m easured per year class. A 

new sam pling  device has been used since 1998 
th a t  co llec ts  sam ples o f  0 .4  m 2. E x tra p o la tio n  o f  
s tand ing  s to ck  data fro m  spring to  S eptem ber is 

based on conversion fa c to rs  fo r  g ro w th  and m or­

ta lity  pe ryea r class. For conversion from  to ta l fresh 
to  flesh w e ig h t, a flesh  w e ig h t o f 15°/o is assumed. 
A d d itio n a l da ta  on th e  flesh  co n te n t w ere derived 

fro m  ro u tin e  m easurem ents o f  harvested cockles

in th e  fin a l f is h in g  period a t the  end o f  N ovem ­
ber.

Spisula
Surveys o f  S pisu la  have been conducted  in  M ay- 
June in  th e  coasta l zone since 1995. The islands 

in th e  W adden Sea's o ffshore , ca 3 0 0  s ta tions , 
are sam pled on a g rid  system  w ith  va rious dens i­

ty  s tra ta , using sam p ling  eq u ip m e n t th a t  dredges 
ove r 150 m to  a sed im en t depth o f  7 cm and a 

w id th  o f  10 cm, i.e. th e  sample surface is 15 m2. 
The mesh w id th  is 5 mm. Samples inc lud ing  Spisu­

la and o th e r ben thos are sorted per year class and 
fresh  w e ig h t is th e n  de te rm ined . The s ta n d ing  

s to ck  is ca lcu la ted  accord ing to  th e  surface  be­
lo n g in g  to  th e  va rious sam pling s tra ta . Results o f 
th e  surveys from  th e  fo llo w in g  spring season are 

used to  de te rm ine  th e  a u tum n  data.

Shellfish quality
Data on shellfish q u a lity  are on ly  ava ilab le  fo r  har­
vested mussels and cockles. M ea t y ie lds and ave r­
age sizes are ava ilab le  from  land ing  s ta tis tic s  fo r  

cockles, w h ile  fo r mussels, in fo rm ation  is also ava il­
ab le on th e  presence o f  barnacles and o th e r ta rra .

Crabs
A nnua l demersal fish surveys have been carried o u t 
in S ep tem ber-O ctober a long the  N o rth  Sea coast 
since 1970. Beam tra w ls  are 3 m w ide, sam pling  

period is 15 m in. and on average 200  s ta tio n s  are 
sam pled in the  Dutch W adden Sea and o ffshore  o f  

th e  islands. Fishing is done a t d iffe re n t depths and 
sam ples are c lustered in 3 dep th  s tra ta . The mesh 
size is 20 mm (Boddeke, 1970) and samples are so rt­

ed onboard . Data on Carcinus m aenas  and Lio­

ca rc inu s  ho lsa tus havz been used fo r  th e  purpose 
o f  th is  study. The data are expressed p e rm 2 as th e  

m ethod  does no t a llow  e x trapo la tion  to  to ta l area, 
hence no standing  stock data are available.

Results
Standing stocks 

The to ta l s tanding stock o f  mussels consists o f  sub­

lito ra l mussels in w ild  beds and on c u ltu re  p lo ts, 

p redom inantly  located in  the  western W adden Sea, 
and l i t to ra l mussel stocks in th e  eastern W adden 

Sea. In a u tum n  1999, a s tock o f  38 *106 kg fresh 

w e ig h t o f  mussels on cu ltu re  plots, 27x106 kg w ild  
sub lito ra l mussels and 16x106kg litto ra l mussels was 

observed. The to ta l am ount was s im ila r to  the  1994 
and 1 9 9 5  f ig u re s , b u t b e lo w  th e  ave rage  o f  
103x106kg over the study period (Fig. 1).

In au tum n 1999, the stock o f  cockles (Fig. 2) was 

re la tive ly  h igh a t 434x106kg. A lm ost all cockles are 
litto ra l and distributed on tida l fla ts  along the whole
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W adden Sea. The h ighest densities 
are fo u n d  in th e  east.

The Spisula s tock (Fig. 3) th a t 

ex tends along th e  N o rth -H o lla n d  
coas t has show n a decrease over 

t im e , and in a u tum n  1999 i t  con­

sisted a lm ost co m p le te ly  o f ju v e ­
n iles. These are considered to  be 
’ u n in te re s t in g ' to  E ider ducks. 

Spisu la stocks o ffshore  from  th e  
is lands also showed low  values in 

1995  and stocks a long the  N o rth - 
H o lland  were d o m in a n t betw een 

1 9 9 4 -1 9 9 6 .

These results show  th a t in au­

tu m n  1999, the to ta l stock o f  she ll­
fish  (Fig. 4) had re la tive ly  high v a l­

ues, in com parison w ith  th e  p rev i­
ous period and th a t cockles were 

th e  d o m in a n t species.
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Fig. 5a shows th e  average den­

s itie s  o f  crabs in  th e  W adden Sea 
and th e  o ffshore  area over tim e.
The shore crab's h ighest densities w ere in  1999. 
This w as especia lly the  case in th e  w este rn  W ad­

den Sea and th e  ad jacen t pa rt o f  th e  N o rth  Sea 
(Fig.- 5b). This f ig u re  also shows th a t  th e  d is tr ib u ­
t io n  o f  crabs over th e  dep th  s trata  fo llo w e d  a s im ­
ila r  p a tte rn  th ro u g h o u t th e  s tudy  period.

Shellfish quality 
The flesh  c o n te n t o f  mussels harvested in a u tum n  

1999 from  the main production area was 2 8 % .This 
is close to  the  average va lue o f  2 9 %  over th e  pe ri­

od 1994-1999 . In 1994and  1995, h ig h e r values o f  
flesh con ten t were recorded. M arke t deliveries from  

th e  m ost westerly area, which is p redom inantly  used 
fo r  th e  cu ltu re  o f  ju ve n ile  mussels, show ed a flesh 
c o n te n t o f  22%  in 1999. This va lue was low er than  

in previous years. In 1999, mussels from  bo th  areas 

had a h ig h e rth a n  average fresh w e ig h t (inc lud ing  

th e  shell) o f about 20 gram per mussel. Fouling w ith  
barnac les  on mussels harvested in  a u tu m n  1999 

am oun ted  to  35  -  45  gram s per 2,5 kg o f  mussels 
in  com parison w ith  values o f  3 -3 3  gram s th a t were 

recorded  in previous years.

The flesh c o n te n t o f  cockles was a pp rox im a te ly  

15%  by the end o f  November 1999, and th is  showed 
no s ig n ific a n t d iffe rence  w hen com pared  to  o th e r 

years. These da ta  show th a t  the re  was no abnor­

m a lity  in the  q u a lity  o f  the  cockles. For th e  mussels 
on th e  o the r hand, there  are in d ic a tio n s  o f  re la ­

t iv e ly  h igh  barnacle  fo u lin g  and lo w e r flesh  con ­
te n t  in th e  m ost w es te rly  area.
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Discussion
The to ta l she llfish  stock d id  n o t show  abnorm a lly  
low  values in a u tum n  1999, and th e  stock was 
dom ina ted  by cockles. In c o n ju n c tio n  w ith  th e ir  

large abundance, th e  d is tr ib u tio n  o f  cockles was 
n o t res tric ted  to  spec ific  areas o f  th e  tid a l f la ts . 
Densities w ere in fa c t h ig h e r in  th e  eastern W ad­

den Sea (Smaal e t al., 2000). There was no d if fe r ­
ence in th e  q u a lity  o f  th e  cockles compared to  
o th e r years. The d o m in a n t yea r class was 3 -y e a r-  

o ld cockles fro m  th e  1997 c o h o rt b u t there is no 
evidence th a t th is  is a possib le  lim ita tio n  fo r  Ei­

der ducks (Leopold e t al., 2000). I t  is the re fo re  
concluded as un like ly  th a t  th e  cockle stock in 1999 

proved to  be a lim ite d  food  resource fo r  the  Eider 
ducks in com parison  to  p rev ious years.

The largest mussel stocks are found  in the w e s t­
ern W adden Sea. W ild  s u b lito ra l beds and c u ltu re  

p lo ts  fo r  seed mussels are d o m in a n t in the  m ost 
w esterly part, w h ile  th e  area near the  island o f  Ter­

sche lling  is m ost im p o rta n t fo r  th e  cu lture  o f  con ­
sum p tion  mussels. The to ta l a m o u n t o f  harvested 

mussels from  th e  W adden Sea in  1999/2000 was 
45x10G kg. This is a higher value than  between 1995/ 

9 6 -1 9 9 7 /9 8 ,s im ila r to  1 9 9 4 /9 5 a n d  lo w e rth a n  in 

1998/99 (Smaal e t al., 2000), and i t  shows th a t there 
are no abno rm a litie s  in bo th  to ta l stock and ha r­

vest. N o t a ll mussels are harvested, as the c u ltu re  
cycle is tw o  years. The a m oun t le f t  over during w in -

F igure  5 a : D ens ities  o f  

shore  crabs and s w im m in g  

crabs 1 9 9 4 -  1 9 9 9  as 

sam p led  d u r in g  dem ersal 

fis h  surveys a t ca 20 0  

s ta tio n s  in  th e  W adde n  Sea 

area.

F igure  5 b : D ens ities  o f  

shore  crabs a t s ta tio n s  in 

d i f fe r e n t  d e p th  s tra ta  in 
th e  w e s te rn  W adde n  Sea in  

th e  p e rio d  1 9 9 4  -  1 99 9 , 

w ith  n u m b e r o f  s ta tio n s  

per s tra tu m .
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te rtim e  can be es tim a ted  on th e  basis o f  th e  har­

vest o f  th e  fo llo w in g  season. U n til December 2000, 
a to ta l a m o u n t o f  2 7x106 kg was reg istered a t the 

auc tion  as harvest from  th e  W adden Sea. These 
data show  th a t  th is  a m o u n t o f  mussels has sur­

vived th e  1 9 9 9 /2 0 0 0  w in te r, the re b y  w e can as­
sume th a t  g ro w th  has com pensated  fo r  m o rta lity  

loss. The flesh  c o n te n t o f  m ussels harvested from  
th e  w este rn  area was low e r th a n  be fore  and there 

were m ore barnacles on th e  shells. The question 
the re fo re , is w h e th e r th e  q u a lity  o f  th e  mussels 

m ay have lim ite d  th e ir  a v a ila b ility  as prey fo r  the 
Eider ducks. The flesh  c o n te n t o f  22°/o m ay be lo w ­
er than  before, b u t i t  is h ig h e r th a n  in na tura l 

mussel stocks. The la rge r a m o u n t o f  barnacles can 
be considered a lim it in g  fac to r, as shown by Swen- 
nen (1976). Flowever, i t  shou ld  be considered th a t 

the  average va lue  o f  1.6°/o can be based on one 
m arke t de live ry  w ith  re la tive ly  h igh  va lues o f  bar­
nacle fo u lin g  and o th e r de live ries w ith  low e r va l­
ues o r no fo u lin g  a t a ll. In a d d itio n , an average 

a m o u n t o f  0.3 gram s o f  barnacle  per mussel can 
be considered as lo w  and i t  has been observed 
th a t Eider ducks are able to  consum e mussels w ith  
lim ite d  barnacle  fo u lin g  (G. Nehls, pers. comm .). 

It  can the re fo re  be concluded th a t the  mussel stock 
has show n no d ra m a tic  a b n o rm a lit ie s  du ring  the  

w in te r  o f  199 9 /2 0 0 0 . The Spisula s tock consisted 
o f  juven iles , w h ich  are n o t considered to  be s u it­
able prey fo r  Eider ducks (Leopold e t al., 2000). 
There is an a b n o rm a lity  fo r  th e  Spisula s tock in 

a u tum n  1999. Low Spisula stocks o ffsh o re  from  

th e  is lands have been observed be tw een  1994- 
1996, b u t prey was ava ilab le  a long th e  N o rth  H ol­
land coast during  th is  period. Eider ducks were reg­
u la rly  observed o ffsh o re  fro m  th e  W adden Sea is­

lands, in 1 9 9 9 /2 0 0 0  (Berrevoets e t al., 2000). O w ­

ing to  th e ir  sm all size, however, i t  seems like ly  th a t 
Spisula s tocks cou ld  n o t serve as a p rim a ry  food 

resource fo r  th e  Eider ducks in 1999 /2000 . The to ­
ta l s tock o f  sh e llfish  was h igh in  1998 and 1999, 

and dom inated by cockles. As there is lim ited  in fo r­

m a tio n  on food  preferences o f  Eider ducks, i t  can 
on ly  be concluded th a t  ou r data do n o t show  clear 

signs o f  lim ite d  sh e llfish  stocks in  1 9 9 9 /2 0 0 0  in 

com parison to  previous years.

For th e  shore crab, th e  data c lea rly  show  high 

values in  a u tum n  1999. This species is considered 
as prey fo r  th e  Eider ducks, p a rtic u la r ly  ju ve n ile  

ducks th a t  p re fe r p rey w ith  a re la tive ly  w eak shell 
o r cuirass. Crabs also h os t the  parasite  P ro filic o l­

lis  bo tu lus. H igh crab  abundance in a u tum n  may 
induce  e x te ns ive  p a ra s ite  in fe s ta tio n  o f  Eider 
ducks evo lv ing  in to  an ep idem ic and subsequent 
mass m o r ta lity  (Borgsteede, th is  vo lum e).

Conclusions
As no d ra m a tic  a b n o rm a lit ie s  in she llfish  a bun ­

dance and q u a lity  cou ld  be fo u nd  in a u tum n  1999, 
food  shortage  is n o t th e  m ost like ly  cause o f  the  

increased E ider duck m o r ta lity  episode in 1999/ 

20 0 0 . An a lte rn a tiv e  e xp la n a tio n  fo r  th e  mass 
m o r ta lity  m ay be fo u n d  in th e  a b n o rm a l crab 
abundance and subsequen t h igh  risk o f  parasite  
in fe s ta tio n .
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