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ABSTRACT: Ensis directus (Conrad), a bivalve found in Europe only in the past few years, has filled 
an empty niche and spread rapidly over the intertidal fiats in the Wadden Sea. The growth of the 
animals was investigated using a few samples taken near Langeness in February 1984. The age of 
the animals could be determined by reading the clearly visible year marks on the shells. Notwith- 
standing the low density of E. directus, some oystercatchers appear to have already specialized in 
feeding on this new food source. 

INTRODUCTION 

In 1979, the first occurrence in Europe of Ensis directus (Conrad) was establ ished.  
Within  a few years after its introduction,  the species had ex tended  its habi ta t  a long  the 
coasts of the Federal  Republ ic  of G e r m a n y  and  Denmark  (Von Cosel et al., 1982) as wel l  
as a long the North Sea coast of the Nether lands  (de Boer & de Bruyne, 1983; Essink, 
1984; Swennen ,  1984). 

Live an imals  have b e e n  found in  shal low mar ine  waters  down to a depth of 18 m in  
the North Sea in  a n u m b e r  of places  off the Fr is ian is lands  (Von Cosel  et al., 1982; 
Mfihlenhardt-Siegel  et al., 1983) and  on inter t idal  flats in  the W a d d e n  Sea (Essink, 1984; 
this paper). 

Density, growth and  mortal i ty in  the first year  after set t l ing were  s tudied  by  
Miihlenhardt -Siegel  et al. (1983) in  a subt ida l  popula t ion  in  the North Sea. These  
authors also gave data on growth and  l eng th -we igh t  correlat ions in  older age  classes. 

In the present  paper,  details  are p resen ted  on (1) growth of shells  of an ima l s  up  to an 
age of 5 years in  an  inter t idal  popula t ion  in  the W a d d e n  Sea a nd  (2) some observat ions of 
the behaviour  of E. directus and  the predat ion  on it by birds. 

METHODS 

The study was carried out on the inter t idal  fiats nea r  the i s land of Langeness  
(Schleswig-Holstein, FRG) in  late February  1984. The foraging behav iour  of birds was 
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observed by means  of a 50x magn i fy ing  mirror telescope. These observations were 
verif ied by s tudying foot prints, bi l l  marks and  remains  of prey in the sediment.  

Ensis directus was collected at four places (A, B, C, D) in the intert idal  zone. In all 
places, the sed iment  consisted of fine sand with a small  amount  of silt, as often found on 
flats in  the W a d d e n  Sea. 

(A) About  1 km NW of Mayenswarft .  Mean  exposure t ime of the flat 3.5 h. Oxidized 
layer  3 cm above b lack sand. Fauna l  composi t ion (according to core samples): Ceras- 
toderma edule (two- and  three-year  old ind iv idua ls  at a densi ty of 50 to 200. m-2), 
Macoma balthica, Mya arenaria, Hydrobia ulvae, Arenicola marina, Lanice conchilega, 
Nephtys hombergii, Anaitides maculata and  Scolopes armiger. A sample  of 89 shells of 
Ensis directus was taken,  which  had just  b e e n  ea ten  by oystercatchers Haematopus 
ostralegus, j udg ing  by the foot prints and  pieces of flesh left in the shells. 

(B) About  2 km west of A, at the same level  according to the hydrographic map. 
Oxidized layer  8 to 10 cm on the top of grey sand. The faunal  composit ion was the same 
as in  A, but  less dense.  A sample  of 26 shells of E. directuswas collected, which had just 
b e e n  empt ied  by birds. 

(C) About  1.5 km west of the harbour  at the wes tern  end  of the island. Sandy slope 
a long a t idal creek. Mean  exposure t ime 2.5 h. Oxidized layer more than 30 cm. Faunal  
composit ion: only a few Nephtys hombergii were found and  castings of Arenicola 
marina were seen with a densi ty  of less than  1 per  m 2. A sample of 21 live E. directuswas 
dug out. 

(D) Scattered over the large flat west of the island, some fresh empty  shells, without 
traces of flesh, were collected that were remarkab ly  larger than  the shells men t ioned  
before. It was not certain whether  they had indeed  l ived in  the flat or had been  washed 
out from a subt idal  habi ta t  e.g. the bottom of the m a i n  tidal channel .  

All shells were cleaned,  dried, we ighed  and  the lengths  were measured  from the 
anter ior  edge to the various winter - r ings  in  the posterior part. The flesh of the live 
an imals  was removed from the shells and  dried in  a stove at 60 °C, weighed,  ashed in a 
furnace at 600 °C and  we ighed  aga in  to obta in  the ash-free dry weight  (ADW) of the 
flesh. 

All ind iv idua l s  found in the area clearly be longed  to Ensis directus as defined by 
Van Urk (1964). Part of our mater ia l  has b e e n  deposi ted in  the collection of the 
Ri jksmuseum van  Natuur l i jke  Historie, Leiden. 

RESULTS 

O b s e r v a t i o n s  o n  p r e d a t o r s  of Ensis  directus  

Oystercatchers on the flat off the eas tern  half of the i s land were seen to take main ly  
worms as food; those on the fiats in  the wes tern  half ate main ly  molluscs. The main  prey 
of the mollusc feeders on the sand flats was Cerastoderma edule, but  some birds 
regular ly  caught  Ensis directus. 

While foraging, Ensis feeders wa lked  faster and  in  a more upright  posture than those 
feeding  on Cerastoderma. They were obviously searching for Ensis by sight. A bird 
would  sudden ly  run  s ideward or forward to drive its bil l  into the sed iment  and then  pull  
out an  Ensis shell up to half its length.  Catch ing  and  empty ing  an Ensis appeared  to take 
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much less t ime than  h a n d l i n g  a Cerastoderma. Scattered Ensis shells with small  pieces  
of the adductor  muscles  still at tached, together  with the foot-prints and  bi l l  marks 
around the shells proved that  our observat ions were correct. However,  s iev ing  of a 
number  of core samples  in  the area brought  no Ensis to light. Therefore, some larger  
areas of sediment ,  together  about  6 m 2, were dug out with a fork. It appeared  that Ensis 
was present  at a densi ty  of only a few ind iv idua l s  per  square  meter.  The uppe r  parts of the 
animals  were never  found less than  25 cm be low the surface. The low dens i ty  and  great  
depth expla ined  the absence  of Ensis in  the core samples.  The bur rowing  depth of Ensis is 
much deeper  than  the l eng th  of any  oystercatcher 's  bill ,  which  in  the W a d d e n  Sea 
popula t ion  is less than  10 cm (Glutz von Blotzheim et al., 1975; S w e n n e n  et al., 1983). 

It was found, however,  that live Ensis somet imes  protrude above the surface of the 
sandflat. When  at tempts were made  to pick up such an  an ima l  by hand,  it a lways 
retreated immediate ly .  After d is turbance,  it bu r rowed  so rapidly  that its upper  e nd  was 
more than 20 cm deep before the an imal  could be dug out. Even if the pro t rud ing  end  of 
the shells could be grasped, it proved imposs ib le  to extract the mollusc from the 
substratum, for, as long as the anter ior  e n d  with the muscu la r  foot was in  the sediment ,  
the an imal  could anchor  itself very strongly. 

From the traces found it could be conc luded  that  oystercatchers were successful in  
tak ing  Ensis by surprise. This was different in  the cur lew N u m e n i u s  arquata, which  
according to their traces had unsuccessful ly  pecked  into the holes in  which  live intact  
Ensis were found deeper  down. From only one such hole did we dig out an  F.nsis of 
which the posterior part  of the body  (siphons and  gills) had  b e e n  ea ten  whi le  the anter ior  
part inc lud ing  the foot, which  represents  the largest  p iece of meat  in  P, nsis, was still 
intact. Apparent ly  the mollusc had dug  deeper  unt i l  far out of the reach of the bil l  of the 
curlew after part  of its body  had  b e e n  lost by  the attack of the bird. 

We observed F, nsis (shell l ength  about  8 cm) in  a glass t ank  now and  then  genera t -  
ing a jet of water  through the peda l  open ing  in  the mant le .  W h e n  that h a p p e n e d  the 
an imal  shot backwards  l ike a rocket for some decimeters.  This  s w i m m i n g  behaviour  may 
be induced  by the unna tu r a l  env i ronmen t  bu t  it can  be  conc luded  that the power  of 
induc ing  such a strong current  will  be  of great  help to the muscular  foot w h e n  the an ima l  
moves rapidly into the sed iment  or back  to the surface aga in  and  w h e n  it acc identa l ly  
emerges  from the sed iment  w h e n  escaping  slowly mov ing  predators.  

A g e  a n d  g r o w t h  

According to the year marks on their  shells, the Ensis collected alive or freshly ea ten  
were in their second winter  (samples A, B, and  C). Only  among  the t~nsis collected as 
empty shells (sample D) were first year  as wel l  as older ind iv idua l s  found; the latter were  
up to an age of 5 years. The genera l  growth pat tern  of the shells (Fig. 1) follows the von 
Bertalanffy equa t ion  (Beverton & Holt, 1957) with the parameters  

L t = 142.2 [ l-e  °'58~t-°'6~3~] 

In the samples or ig inat ing  without  doubt  from the inter t idal  zone, the m e a n  shell 
growth in the first year  as well  as in  the second year  appeared  to be smallest  in  sample  A 
and largest in sample  C (Table 1). The differences in  shell  growth are statistically 
significant (t-test, P < 0.05), except  those be twe e n  B and  C in the first year. 
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Fig. 1. Mean shell length of Ensis directus collected on tidal flats in the Wadden Sea near Langeness 
(F.R.G.}, in February 1984 (all samples together). For comparison the Von Bertalanffy growth curves 
are also drawn for shells from the North Sea, off Sylt (1) and off Bl~vandshuk (2) (Mfihlenhardt- 

Siegel et al., 1983) 

T h e  s m a l l  d i f f e r e n c e s  c a n  b e  r e l a t e d  to d i f f e r e n c e s  in d i s t a n c e  to t he  m a i n  t idal  
c h a n n e l  a n d  in  e x p o s u r e  t ime,  as  t he  s l o w e r  g r o w i n g  she l l s  l i v e d  p r o g r e s s i v e l y  fu r the r  

a w a y  f rom this  c h a n n e l .  T h e  g r o w t h  pa t t e rn ,  w i t h  a r a p i d  i n c r e a s e  in  she l l  l e n g t h  in t he  

s e c o n d  year ,  c o n f o r m s  c l o s e l y  to tha t  of o t h e r  b i v a l v e s  in  t he  W a d d e n  S e a  (Kris tensen,  

1957; L a m m e n s ,  1967). 
W i t h i n  e a c h  of t he  t h r e e  s a m p l e s ,  t h e  i n c r e a s e  in  she l l  l e n g t h  in t he  i n d i v i d u a l s  in 

t he  s e c o n d  y e a r  (d i f f e r ence  in  she l l  l e n g t h  b e t w e e n  first- a n d  s e c o n d - w i n t e r  r ing)  w a s  

n e g a t i v e l y  c o r r e l a t e d  w i t h  t h e  l e n g t h  a c h i e v e d  in  t h e  first  y e a r  {slope in  A: - 0.53, B: 
- 0 3 0 ,  in  C: - 0.34). T h i s  c o r r e l a t i o n  is s i g n i f i c a n t l y  n e g a t i v e  o n l y  in  t h e  l a r g e  s a m p l e  A 

Table 1. Mean length gain (mm) of shells in Ensis directus during their first two years of age at 
3 stations on intertidal sand flats near Langeness; s.d. = standard deviation 

Sample site A (n = 89) B (n = 26) C (n = 21) 
growth s.d. growth s.d. growth s.d. 

First year (1982) 27,2 3.8 28,6 2.5 29.6 3.0 
Second year (1983) 50.9 3.7 51.8 1.7 53.9 1.6 

Total length 78.1 3.6 80.4 3.8 83.5 4.1 
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(95 %; conf idence  l imits  - 0 . 7 1  and  -0 .34 ) .  The  nega t ive  corre la t ion  b e t w e e n  shel l  
growth in the  first yea r  and  in the  second  yea r  ind ica tes  that  r e t a rded  growth  in the  first 
year  is somewha t  c o m p e n s a t e d  for by  faster  g rowth  in the  second  year ,  i n d u c i n g  the  
uniformity in total  s izes  obse rved  in  the  2 nd w in t e r  (Table  1). Such a ca t ch ing -up  
phenomenon  in shel l  g rowth  in the  first two years  of l ife has  also b e e n  r epor t ed  in 
Cerastoderrna edule (Kreger, 1940; Kris tensen,  1957) and  in Macoma balthica (Lam- 
mens, 1967). 

In the  two-year  old  an ima l s  (mean  she l l  l eng th  82.8 ram), the  m e a n  w e i g h t  of the  
shell  was 1.64 g, va ry ing  b e t w e e n  1.25 g in an  an ima l  wi th  a shel l  l eng th  of 74 mm, and  
2.10 g in an  an ima l  wi th  a shel l  l eng th  of 88 mm. M e a n  A D W  of the  soft par t s  of the  s ame  
an imals  was  0.331 g, s.d. 0.06 g ( n : 2 1 ) ,  va ry ing  b e t w e e n  0.296 g and  0.349 g in 74 m m  
and 88 m m  long  animals ,  respec t ive ly .  

In 25.5 % of the fresh shel ls  ( n =  136) s tud ied  from the t ida l  f lat  popu la t ion ,  bes ides  
year  r ings also d i s tu rbance  r ings  were  found. These  r ings  occur red  only on the former  
poster ior  shel l  e d g e s  and  were  s i tua ted  at  d i f ferent  l eng ths  in the  ind iv idua l s .  Therefore ,  
they  cannot  r ep resen t  s p a w n i n g  r ings  as found  in some b iva lve  spec ies  (Coe, 1947; 
Davis, 1923; Gutsel l ,  1931), or d i s tu rbances  caused  by  ex t reme  t e m p e r a t u r e s  or storms 
(Coe, 1947; Kreger,  1940) for then  these  r ings  wou ld  have  occurred  at about  the  same  
par t  of the shel ls  and  over  the  w h o l e  growth  l ine.  It is more  l i ke ly  that  the  d i s tu rbances  
on the pos ter ior  e d g e s  r ep re sen t  the  s l ight  d a m a g e  caused  by  a t tacks  of b i rds  or o ther  
predators .  

DISCUSSION 

Accord ing  to Van  Urk (1964, 1972) the  p r o p e r  n a m e  of the  spec ies  should  be  Ensis 
americanus (Binney, 1870) ins t ead  of Ensis directus (Conrad,  1843). The  la t te r  is a fossil 
from the Miocene.  Some d i s t i ngu i sh ing  marks  u sed  by  Van  Urk (1972) for the  recen t  
form proved  to be  more  va r i ab l e  than  was  though t  by  this au thor  (Von Cosel  et  al., 1982). 
Therefore,  there  is some doubt  as to w h e t h e r  E. americanus and  E. directus are  r ea l ly  
distinct.  For this reason and  in conformity  wi th  common prac t ice  in North  Amer ica ,  the 
name Ensis directus has b e e n  used  in the  p re sen t  paper .  

E. directus or ig ina tes  from the  wes te rn  At lan t ic  w h e r e  it occurs  from southern  
Labrador  to South Caro l ina  (Bousfield, 1960). Yon Cosel  et  al. (1982) a s sume  that  l a rvae  
were  t ranspor ted  by  ship  in ba l l as t  wa te r  from the A m e r i c a n  coast  to the  G e r m a n  Bight  
in the spr ing of 1978. Here  the  first an ima l  was  caugh t  in a g rab  s a m p l e  t a k e n  off the  
Elbe mouth  in June  1979. As a p p e a r s  from the yea r  r ings,  some of the  fresh shel ls  in our  
samples  must  have  b e e n  born  in 1979 (Fig. 1). M i i h l e n h a r d t - S i e g e l  et  al. (1983) men-  
t ioned the occurrence  near  Bl~vandshuk  (Denmark)  of shells ,  wh ich  also must  have  b e e n  
born in 1979. This means  that  a l r e a d y  a yea r  after  the  s u p p o s e d  first in t roduc t ion  a mass  
se t t l ement  of l a rvae  mus t  have  t a k e n  p l a c e  over  a s t retch of at  leas t  175 km. A l t h o u g h  
Mi ih l enha rd t -S i ege l  et  al. (1983) sugges t  that  some ind iv idua l s  m a y  s p a w n  at  the  end  of 
their  first year,  we doubt  that  this can h a p p e n  in the  s lowly g rowing  an ima l s  from the 
mouth of the Elbe  (see below) or Langeness .  Therefore ,  it m a y  be  a s s u m e d  that  the  
in t roduct ion of B. directus took p l a c e  before  1978 or that  in 1979 a second  l a rge  
in t roduct ion occurred  in the  G e r m a n  Bight, this  t ime off the  Nor th  Fr i s ian  is lands.  

After its recent  and  acc iden ta l  in t roduct ion,  the  spec ies  found an e m p t y  n iche  in the  
North Sea area.  Of the  other  fi l ter feeders ,  only  Mya arenaria l ives  as d e e p l y  bu r rowed  in 
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the s e d i m e n t  as Ensis directus. Adul t  M. arenaria are  nea r ly  i m m o b i l e  and  teed  via a 
long s iphon.  Adu l t  /7. directus, on the o ther  hand,  are  very  r ap id  bur rowers  wi th  short  
s iphons  and  usua l ly  l ive nea r  the  surface but  a re  ab l e  to d i s a p p e a r  r ap id ly  to great  
dep ths  w h e n  d is turbed .  Accord ing ly ,  M. arenaria inhabi t s  s tab le  sediments ,  usua l ly  wi th  
a h igh  admix tu re  of mud,  whe rea s /7 ,  directus can l ive in uns t ab le  sands.  Near  Lange-  
ness,  its dens i ty  and  she l l  g rowth  we re  h ighes t  in the  s andy  b a n k s  of a t ida l  channe l  
w h e r e  ha rd ly  any  o ther  mac roben th i c  an ima l s  were  p resen t  due  to the ins tab i l i ty  of the 
sand.  /Tnsis minor  (Chenu,  1843), a Eu ropean  spec ies  that  also l ives in sha l low wate r  up 
into the  lower  in te r t ida l  zone, seems  to pre fe r  less es tuar ine  condi t ions  and somewha t  
coarser  s ed imen t s  (C. Swennen ,  pe r sona l  observa t ions  in  France).  

In Nor th  Amer ica ,  E. directus l ives  in the  low in te r t ida l  and  sub t ida l  zone in sand  
and  s a n d y  m u d  in bays  and  es tuar ies ,  w h e r e  it is most  a b u n d a n t  in a reas  swept  by  
m o d e r a t e l y  s t rong currents  such as t ida l  channe l  marg ins  and  t ida l  flats exposed  to wave  
act ion (Drew, 1907; Bousfield,  1960; Gibbons ,  1964; Stanley,  1970}. Thus, in the  W a d d e n  
Sea,  /7. directus was  found to l ive in a s imi la r  habi ta t .  McDermot t  (1976} found shell  
l eng ths  after  the  first g rowing  season  of abou t  30 m m  in Amer ica ,  wh ich  is also s imi lar  to 
our  data .  A much  faster  g rowth  of/7. directus is r epo r t ed  by  Mi ih l enha rd t -S i ege l  et  al. 
(1983) in she l l s  from Bl~vandshuk  (Denmark} and  Sylt. A compar i son  of the growth 
p a r a m e t e r s  ca l cu la t ed  in the  von Berta lanffy mode l  of shel ls  from the different  sites 
(Fig. 1) ind ica tes  that  the  expec t ed  m a x i m u m  size (Loo) of the  mol luscs  of the  Langeness  
a rea  (Wadden  Sea) is cons ide rab ly  sma l l e r  than  that  of the  North  Sea  popu la t ions  off Sylt 
and  Bl~vandshuk.  Also the  re la t ive  g rowth  (K) of Ensls in the  W a d d e n  Sea  is slower.  
However ,  in bo th  s tud ies  the  da t a  must  be  cons ide red  p rov i s iona l  be c a use  only  3, 4 and  5 
age -c l a s se s  have  b e e n  s tud ied  from Sylt, B l~vandshuk  and  Langeness  respect ive ly ,  and  
also the  n u m b e r  of shel ls  in these  o lder  age  c lasses  was  small .  

In North  Amer ica ,  r i n g - b i l l e d  gul ls  Larus delawarensis  eat  E. directus, but  are only 
ab l e  to do so w h e n  the  c lams  l eave  the  sand  to e scape  a t t ack  by  s lowly mov ing  p reda to ry  
inve r t eb ra t e s  (Schneider ,  1982). In Europe,  up  to the  present ,  the  oys te rca tcher  seems  to 
be  the  only b i rd  that  subs tan t i a l ly  uses  the  new food source in the  in te r t ida l  flats. We 
found /Tnsis to have  s imi lar  f lesh content  to that  of Cerastoderma from the same flats 
(/Tnsis 0.33 g ADW, Cerastoderma 0.28 g ADW). Cerastoderma, however ,  occurs at a 
dens i ty  of abou t  100 t imes  tha t  of/Tnsis, and  the  major i ty  of the  oys terca tchers  on the flat  
f eed  on Cerastoderma. Despi te  the  low dens i ty  of Ensis, and  its g rea t  bu r rowing  
capaci ty ,  some i nd iv idua l  oys te rca tchers  have  a l r e a d y  successful ly  spec i a l i zed  in catch- 
ing  them, which  i l lus t ra tes  a g a i n  the  f lex ib i l i ty  of the  oys te rca tcher  in chang ing  its 
f eed ing  habi t s  (cf. S w e n n e n  et al., 1983). 
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