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Expert judgement: veranderingen in de benthische macrofauna in de Nederlandse 
Waddenzee tussen 2004 en 2006 en daarvoor

Anne Dekinga, Casper Kraan, Theunis Piersma & Henk W. van der Veer 

Koninklijk Nederlands Instituut voor Zeeonderzoek (NIOZ) Texel

1. Inleiding

Ondanks het g ro te belang van benthos in de W addenzee voor het functioneren ais rust- en voedselgebied voor 

vogels, is onze kennis over d iezelfde bodem fauna nog steeds beperkt. K w antita tieve  studies starten pas in 

begin 70-er jaren. Van voor die tijd  is slechts anekdotische in form atie  bekend, naast productiegegevens van  

mosselkwekers. Voor een overzicht van het bodem faunaonderzoek en -m onitoring  w o rd t verw ezen  naar het 

uitvoerige overzicht opgesteld door Essink voor RIKZ (Anon 2005). Voor inbedding van de huidige studie w o rd t  

volstaan m et een overzicht op hoofdlijnen.

De eerste benthos-studies kw am en deels voo rt u it zu iver w etenschappelijke vragen, zoals het w erk  

van Beukema (1982) op het Balgzand in de w estelijke  W addenzee en deels u it toegepaste vraagstellingen, zoals 

het w e rk  van Essink (Essink 81 Romeyn 1994) rond de effecten  van lozingen u it een sm eerpijplijn in de oostelijke  

W addenzee. Traditioneel was d it w e rk  gebaseerd op de zogenaam de raaienm ethode, w aarb ij n ie t het verkrijgen  

van een ru im telijke dekking van belang is, m aar de interacties tussen soorten. Deze interacties w erden  gevolgd  

in een aantal karakteristieke gebieden, w aarb ij bem onsteringen beperkt bleven to t de droogvallende w adpla- 

ten . In die tijd  w as er geen geschikte apparatuur om ook de diepere delen te  bem onsteren. D it w e rk  is zow el in 

de oostelijke ais de w estelijke  W addenzee to t op heden voortgezet, w aarb ij de laatste jaren een uitbreiding  

heeft plaats gevonden m et raaien in het subtidal. Incidenteel h eeft hierbij ook een W addenzeebrede raaienbe- 

m onstering plaatsgevonden (Beukema 1976).

M eer aandacht voor de rol van benthos in het W addenzee-ecosysteem  ontstond m et het BOEDE 

(Biologisch Onderzoek Eems-Dollard Estuarium) project, geïn itieerd  om de effecten van afva lw aterlozing  in de 

Dollard te bepalen (BOEDE 1983). D it project kreeg la ter een vervolg in het EMOW AD (Ecologische M odellering  

W addenzee) project (EM O W AD 1988). Parallel h ierm ee kw am  in 1983 een overzicht gereed van alle  beschikbare 

w etenschappelijke kennis over de W addenzee (W o lff 1983).

Een eerste inzicht in de ru im telijke verspreiding van benthos d ateert u it begin 90-er jaren. Onder de le i­

d ing van Piersma w erd  in delen van de W addenzee voor de eerste keer een gridbem onstering uitgevoerd  

(Piersma 1994). Tot voor kort beperkte d it zich voornam elijk  to t de w este lijke  W addenzee en enkele plekken in 

het oostelijke deel: Simonszand en Engelm ansplaat.

M om enteel kunnen een tw ee ta l kennisbronnen geïdentificeerd w orden  die geen van beide gebieds- 

dekkend zijn: de raaibem onsteringen lopend van 1970 to t op heden, en de grid-bem onsteringen vanaf 1988 

(m aar pas vanaf 1996 gebiedsdekkend in de w estelijke W addenzee). O pgem erkt m oet w orden  dat deze bem on­

steringen zich beide beperken to t de zogenaam de "soft-sedim ents". Onderzoek op harde substraten, zoals een 

d ijkvoet o f mosselbanken, v ind t nauw elijks plaats. Toch is een recente invasive soort, de Japanse oester 

Crassostrea gigas, via hard substraat het systeem binnengekom en om  nu in toenem ende m ate op de soft-sedi- 

ments dom inant aanw ezig  te  zijn.

2. Functioneren van het Waddenzee systeem

H et fu n c tio n e re n  van he t W addenzee  ecosysteem is nog steeds een o n d e rw e rp  van discussie. R e trospec tie f o n d e r­

zoek w o rd t  s te rk  b e p e rk t d o o r he t ge b re k  aan k w a n tita tie v e  in fo rm a tie  van v o o r de 70-er ja ren .

Op g ro n d  van h yd ro g ra fisch  w e rk  van Postma (1954) w o rd t  de W addenzee  gezien  ais a ccu m u la tiegeb ied  

van zand en s lib  m et daaraan  ve rb o n d e n  o rgan isch  m a te riaa l. De a fb ra a k  van d it  m ate ria a l leve rt, samen m et de 

aanvoe r v a n u it z o e tw a te r lo z in g e n , de n o o d za ke lijke  n u tr ië n te n  v o o r de p rim a ire  p ro d u c tie  in h e t geb ied . Deze, 

zow e l pe lagische ais ben th ische  p rim a ire  p ro d u c tie , w o rd t  samen m et he t aangevoe rde  o rgan isch m a te riaa l 

gezien  ais de b e la n g rijk s te  vo e d se lb ro n n en  v o o r h e t ben thos  (EM O W AD 1988; L indeboom  e t al. 1989). H et fu n c t i­

one ren  van de W addenzee  v e r to o n t g ro te  o ve reenkom sten  m et een z u ive rin g s in s ta lla tie : aangevoe rd  o rgan isch 

m ate ria a l w o rd t  a fg e b ro ke n . V o o rd a t de e u tro f ië r in g  in de 70-er ja re n  p laa tsvond , was de aanvoer en a fb ra a k  

van o rgan isch m ate ria a l m o g e lijk  de b e la n g rijk s te  n u tr ië n te n b ro n  v o o r he t geb ied. M e t h e t op  gang  kom en van 

de e u tro f ië r in g  is de d irec te  aanvoer van n u tr ië n te n  m et de z o e tw a te r lo z in g e n  een b e la n g rijk e re  b ron  g e w o r­

den.
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A n e kd o tisch e  in fo rm a tie  su g g e re e rt d a t de W addenzee  in he t ve rled e n  a b so lu u t n ie t arm  aan bodem - 

d ie ren , voge ls  en vissen is gew eest. Nog tijd e n s  de Tweede W e re ld o o r lo g  m oesten fu ik e n  d a ge lijks  ge leegd  w o r ­

den om  te  v o o rko m e n  d a t de (d ikke ) h o u te n  s teunpa len  b raken . Een d e rg e lijk e  r ijk d o m  is te g e n w o o rd ig  n ie t 

m eer aanw ez ig . H et is best m o g e lijk  d a t d it  te  m aken h e e ft m e t g ro te  v e ra n d e rin g e n  in de s tru c tu u r van he t 

W addenecosysteem  g e d u re n d e  de laa tste  70 jaar. In de lo o p  van deze p e rio d e  ve rd w e n e n  v o o rn a m e lijk  de s truc ­

tu u rv o rm e n d e  ecosysteem bouw ers zoals de zeegrassen en oesters en, re c e n te lijk  in de w e s te lijk e  W addenzee , 

o o k  de mossels. Daarm ee g in g e n  a lle r le i b io log ische  feedbacksystem en ve rlo re n  w aa rm e e  h e t ecosysteem m og e ­

li jk  a fh a n k e lijk e r  is g e m a a k t van ex te rne  n u tr ië n te n to e v o e r  (N o rlin g  e ta /.  2007; O lf f  e ta /,  in p rep.). W a t b e tre ft  

h e t fu n c tio n e re n  van he t h u id ig e  systeem zou d it  be tekenen  d a t een g ro te r  deel van de p rim a ire  p ro d u c tie  n ie t 

m eer d o o r de hogere  tro fis c h e  niveaus m aar d o o r h e t m ic ro b ië le  voedse lw eb  in h e t systeem w o rd t  g e b ru ik t.

3. Het macrobenthos: top-down of bottom-up control?

Gezien de b e la n g rijke  ro l d ie  h e t m acroben thos  spee lt in he t geb ied , le id t d it  al snel t o t  de vraag  w a t  de a a n ta l­

len en h oevee lhe id  ben thos in h e t geb ied  bepaa lt?  "B o tto m -u p  c o n tro l"  s te lt d a t he t voedse laanbod  de beper­

kende en co n tro le re n d e  fa c to r  is, te rw i j l  b ij " to p -d o w n  c o n tro l"  de consum en ten  de bepa lende  en s tu rende  

fa c to r  z ijn .

De s te rke  to e n a m e  van m acroben thos  in de len  van h e t Balgzand in de 70-er ja ren , pa ra lle l aan de to e ­

nam e van de n u tr ië n te n  (zgn. e u tro f ië r in g ) , suggeree rde  een s te rke  voe d se lbe p e rk in g  en daarm ee een b o tto m - 

up co n tro l: zow e l a a n ta lle n  o rgan ism en , ais hun biomassa, nam en to e  pa ra lle l aan de e u tro f ië r in g  (Beukem a & 

Cadée 1997). D it signaa l w as n ie t overa l aanw ezig . In som m ige  de len  van v o o ra l de lagere  w a d p la te n  leken 

andere  fa c to re n  bepa lend  te  z ijn . V e rd e r is de W addenzee  in de 60-er ja re n  g e te is te rd  d o o r een a an ta l zw are  ve r­

v u ilin g e n  m et vastgeste lde  e ffe c te n  op in iede r geval voge ls  en ze e zoogd ie ren  (W o lff  1983), en h e t is de v raag  o f  

h e t m acro -ben thos  b ij h e t beg in  van de series van Beukem a (1976) zich h ie rd o o r n ie t op  een h is torisch laag 

n iveau bevond.

In de loop  d e r t i jd  is he t besef d o o rg e d ro n g e n  d a t andere  fa c to re n  m instens zo b e la n g r ijk  kunnen  zijn . 

Een crucia le  fa c to r  l i jk t  de ve s tig in g  van b e n thos la rven  v a n u it  de w aterm assa op  de bodem  te  z ijn . In h e t ve rleden  

ke n m e rk te  h e t geb ied  zich m ede d o o r een m oza ïek van ha b ita ts  (m osse lbanken, zeegrasve lden , etc.). H ie r is 

te g e n w o o rd ig  w e in ig  m eer van over. H et v e rd w ijn e n  van zeegrasve lden  en de v e rw o e s tin g  van w a d p la te n  d o o r 

m echanische kokke lv isse rij l i jk t  h ie r een ro l in te  spelen (Piersma e ta /.  2001; Piersma 2006; Van Gils e ta /.  2007; 

Kraan e ta /.  2007).

H oew el in iede r geval h e t g e b re k  aan aanwas van jo n g  b roed  een van de b e la n g rijk s te  fa c to re n  l i jk t  te  

z ijn  (Van de r M ee r e ta /.  2001), z ijn  e r nog veel zaken o n d u id e lijk : hoe z ijn  de in te rac ties  tussen soorten? , w a t 

b e p aa lt en w e lk e  fa c to re n  bepa len  de ve rh o u d in g  tussen w o rm e n  en sche lpd ie ren? , w a t z ijn  "re g im e  s h ifts "  en 

o n d e r w e lk e  o m s ta n d ig h e d en  tre d e n  ze op?, w a t is de inv lo e d  van k lim a a tve ra n d e rin g ? ; kan he t geb ied  zijn  

h a b ita td iv e rs ite it w e e r te ru g k r ijg e n ? , etc. Op d it  m o m e n t is geen e e n du id e n d  a n tw o o rd  op de vraag  te  geven o f  

h e t m acroben thos  to p -d o w n  dan w e l b o tto m -u p  g e c o n tro le e rd  is.

4. Lange termijn veranderingen in het macrobenthos in de Waddenzee

De g ro te  ve rsch illen  in m o r fo lo g ie  en h y d ro g ra fie  zow e l tussen ais b in n e n  de ve rsch illende  ko m b e rg in g s -g e b ie - 

den in de W addenzee  be tekenen  d a t op iede r m o m e n t oo k  g ro te  ru im te lijk e  ve rsch illen  in m acroben thos  aange­

t ro f fe n  kunnen  w o rd e n , Ios van lange  te rm ijn  versch illen .

Lange te rm ijn  versch illen  w o rd e n  v o o r een b e la n g r ijk  deel gedreven  d o o r de p a tro n e n  in de ja a rlijkse  

aanwas van jo n g e  d ie ren  (h e t re c ru itm e n t succes). H et re c ru itm e n t succes w o rd t  in b e la n g rijk e  m ate  bepaa ld  

d o o r de n a tu u r lijk e  va ria tie s  in vo o ra l o m g e v in g s fa c to re n  zoals w a te r te m p e ra tu u r , z o u tg e h a lte  etc. d ie  d irec t 

in v lo e d  hebben op de v o o rtp la n t in g  z e lf dan w e l in d ire c t w e rke n  d.m.v. e ffe c te n  op  de p re d a to re n . A angez ien  

w a te r te m p e ra tu u r  in b e la n g rijk e  m ate  bepaa ld  w o rd t  d o o r heersende k lim a to lo g isch e  o m s ta n d ig h e d en  (strenge 

versus zw akke  w in te rs  etc.) b e te k e n t d it  d a t id e n tie ke  p a tro n e n  in aanwas op een g ro te  ru im te lijk e  schaal van 

m eerdere  ko m b e rg in g s -g e b ie d en  en ze lfs de gehe le  W addenzee  gevonden  kunnen  w o rd e n . De nauw e  v e rw a n t­

schap en s te rke  ove ree n ko m st in levensw ijze  tussen d iverse soo rten  kan e r to e  le iden  d a t d e ze lfde  g ro o tsch a lig e  

p a tro n e n  in m eerdere  soo rten  o p tre d e n  (Beukem a e ta /.  2000; Beukem a e ta /.  2001).

Het fe i t  d a t de m eeste soo rte n  m eerdere  ja re n  dan w e l ze lfs la ng levend  (> 10 ja a r) z ijn  b e te k e n t d a t de 

ja a rlijk se  f lu c tu a tie s  in aanwas nog m eerdere  ja ren  d o o r kunnen  w e rke n  in de biomassa. F luctua ties dan w e l ve r­

a n d e rin g e n  in v o o rn a m e lijk  te m p e ra tu u r  en s a lin ite it kunnen  to t  h e t p lo tsk laps v e rd w ijn e n  van soo rten  en ve r­

sch ijnen van n ie u w e  soo rten  le iden  (de invasieve soo rten ). A is  deze v e ra n d e rin g e n  op g ro te  schaal p laats v in d e n  

en in m eerde re  co m p o n e n te n  van h e t systeem w o rd t  ze lfs van een reg im e  s h ift gesp roken  (W e ije rm ans e t al. 

2005).
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De NIOZ Balgzand serie (1970-heden) is h e t m eest gesch ik t om  de lange  te rm ijn  v e ra n d e rin g e n  in he t 

m acroben thos  te  kunnen  beschrijven (zie f ig u u r  1). V ana f he t beg in  van de serie l i jk t  er sprake te  z ijn  van een 

co n tin u e  to e n a m e  van he t m acroben thos  op  h e t Ba lgzand. De e u tro f ië r in g  in de 70-er ja re n  w e rd  v e ra n tw o o rd e ­

l i jk  g e houden  v o o r de s te rke  to e n a m e  rond  1980, hoew e l de sanering  van de lo z in g e n  in de 90-er ja re n  geen 

n e g a tie f e ffe c t op  de biomassa l i jk t  te  hebben gehad (Beukem a e t al. 2002; D ekke r & W aasdorp  2007). De la n g ­

zam e tre n d  van to e n e m e n d e  biomassa g aa t gepaard  m e t g ro te  ja a r  op ja a r  flu c tu a tie s  en b e te k e n t n ie t d a t 

o m s ta n d ig h e d en  zich a lleen  m aar ve rb e te re n  v o o r so o rte n  d ie  van ben thos  a fh a n k e lijk  z ijn . Zo w o rd t  de recente  

to e n a m e  v e ro o rz a a k t d o o r de in tro d u c tie  van de Japanse oester, een so o rt d ie  d o o r  de d ikke  schelp n ie t o f  nau ­

w e lijk s  d o o r voge ls en vissen ge g e te n  kan w o rd e n . De to e n a m e  in sche lpd ie ren  w e e rs p ie g e lt de s te rke  to e na m e  

van tw e e  g e ïn tro d u cee rd e  soo rten : h e t A m erikaans  M esh e ft Ensis am ericanus  en de S tra n dg a p e r M ya a renaria . 

H et n o n n e tje , mossels, en de kokke l nam en ve rd e r af; een tre n d  d ie  in g e ze t is in m idden  90-er ja ren  (D ekker & 

W aasdorp  2007). O ndanks de to e n a m e  in de to ta le  biomassa, l i jk t  de h oevee lhe id  b en thos  d a t gesch ik t is ais 

voedsel v o o r voge ls en vissen e e rde r a ch te ru itg e g a a n  gegaan te  z ijn .

W a t de a a n ta llen  b e tre ft ,  l i jk t  er een v e rw o rm in g  van de b o d em fa u n a  p laa tsgevonden  te  hebben , da t 

w il zeggen d a t w o rm a c h tig e n  (b ijv o o rb e e ld  D ra ad w o rm , W a p e n w o rm , Z éé d u ize n d p oo t) in a an ta l to e g e n o m e n  

z ijn  te n  o p z ich te  van de sche lpd ie ren  (Beukem a e ta /.  2002; Van Room en e ta /.  2005; Piersma 2006). Deze ve r­

schu iv ing  w o rd t  o o k  w ee rsp ie g e ld  d o o r de voge lgem eenschap  d ie  de W addenzee  be zo ek t in he t w in te r  ha lfjaar. 

Sche lpd ie re te rs, zoals K anoe ten  en Eiders, z ijn  in a an ta l a fg en o m e n , te rw i j l  w o rm e n e te rs , zoals B onte  s tra n d lo - 

pe r en Rosse g ru tto , ju is t in aan ta l to e g e n o m e n  z ijn  (Van Room en e ta /.  2005).

— s —  Totaal -O — Wormen
-H —  Schelpdieren -  - X -  - Invasive
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Figuur 1. Lange term ijn  veranderingen in het macrobenthos op het Balgzand, westelijke Waddenzee. Gegevens naar Dekker & Beukema 

(unpubl.).

5. Veranderingen Waddenzee 2004-2006

De h u id ig e  gegevensseries z ijn  s te rk  b e p e rk t zow e l in ru im te  ais in t i jd .  V o o r veel van de ko m b e rg in g s -g e b ie d en  

in de W addenzee  is geen in fo rm a tie  van h e t m acroben thos  bekend . D it m aa k t op d it  m o m e n t he t vo lg e n  dan w e l 

he t ana lyseren van v e ra n d e rin g e n  op  he t n iveau van ko m b e rg in g s -g e b ie d en  o n m o g e lijk . D oo r de b e p e rk te  hoe ­

vee lh e id  da ta  kan slechts een v e rg e lijk in g  g e m a a k t w o rd e n  tussen o o s te lijke  en w e s te lijk e  W addenzee  en daar­

b innen  tussen een paar kom be rg in g s -g e b ie d en .

H et n o n n e tje  (M acom a b a lth ica )  is in a an ta l a fg en o m e n  in de pe rio d e  2004-2006, w a a rb ij d it  in h e t w es­

te li jk e  deel van de N ederlandse W addenzee  al ja re n  spee lt en h e t g aa t om  een red u c tie  van 90%  in a a n ta llen  

sinds beg in  ja re n  1990 (Van Gils e ta /,  in prep.; D re n t e ta /,  in prep.). De a fnam e  l i jk t  zich nu o o k  u it  te  b re iden  

naar h e t o o s te lijke  deel van de N ederlandse W addenzee , w a a rb ij de a fnam es in de w e s te lijk e  k o m b e rg in g e n  van 

he t o o s te lijke  deel (B o rnd iep , P inkegat, Z ou tka m pe rla a g ) h e t s te rks t z ijn . De o o s te lijke  k o m b e rg in g e n  

(E ilande rba lg , Schild, Eem s-D ollard) b lijve n  op h e tz e lfd e  n iveau. M ON*BIOLOGIE la a t precies d e ze lfde  tren d s  zien
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(D ekke r & W aasdorp  2007).

________ K okke ls (C erastoderm a edu le ) geven een heel a n d e r bee ld : een lich te  to e n a m e  in de w e s te lijk e

W addenzee  en een s te rke  to e n a m e  in de o o s te lijke  W addenzee  sinds 2004. D it bee ld  w o rd t  bevestigd  d o o r de 

b e m o n s te ring e n  b innen  M ON*BIOLOGIE (D ekker & W aasdorp  2007).

Mossels (M y tilu s  edu lis) nem en in de o o s te lijke  W addenzee  lic h t to e , m aar op  he t w e s tw a d  d aa ren tegen  

is en b l i j f t  he t areaal m e t mossels to t  een m in im u m  b eperk t.

Japanse O ester (Crassostrea gigas): deze g e ïn tro d u ce e rd e  so o rt is ondanks o n h e ilsp e llen d e  be rich te n  in 

de m edia  en w e te n sch a p p e lijke  lite ra tu u r, op de d ro o g va lle n d e  p la te n  nog steeds geen so o rt van be teken is . We 

z ien een lich te  to e n a m e  in de o o s te lijke  W addenzee. Op h e t B a lgzand (M O N*BIO LO G IE) is he t een so o rt van 

g e rin g e , m aar w e l to e n e m e n d e , be teken is. Deze in d ru k k e n  van v e ra n d e rin g e n  z ijn  a lleen  gebaseerd op a a n ta l­

len, o m d a t biomassa da ta  n ie t k o m p le e t w a re n  (zie  ra p p o rt).

6. Vereiste sampling design

H et zal d u id e lijk  z ijn  d a t m e t de bestaande b e m o n s te rin g sm e th o d ie ke n  loca le  ve ra n d e rin g e n  in ben thos  n ie t 

geanalyseerd kunnen  w o rd e n . De h u id ig e  k w a lita t ie f  u ite rs t o n vo lko m e n  gegevensseries, zow e l in ru im te  ais t i jd ,  

m aken een ee n du id e n d e  in te rp re ta t ie  van v e ra n d e rin g e n  o n m o g e lijk . De raa ib e m o n s te rin g e n  ve rsp re id  o ve r de 

W addenzee  z ijn  vo o ra l bedoe ld  v o o r  de analyse van in te ra c tie s  tussen soo rten  en v o o r de g r id b e m o n s te r in g e n  

o n tb re k e n  op d it  m o m e n t een W addenzee  b rede  d e kk in g . N o o d za ke lijk  z ijn  spa tiée l en te m p o re e l g e m u lt ip li­

ceerde w aarnem ingsreeksen .

M om e n te e l v in d t in he t ve rlen g d e  van deze rap p o rta g e  een d o o r de NAM  on d e rs te u n de  analyse p laats, 

om  te  kom en to t  een o p tim a le  ben thos b e m o n s te ring  van de W addenzee  om  m o g e lijke  v e ra n d e rin g e n  in 

bepaa lde  ko m b e rg in g e n  ais h e t gevo lg  van bepaa lde  ing re p e n  te  kunnen  trace re n  en te  vo lg e n . De eerste resu l­

ta te n  van de analyse suggere ren  een o p ze t w a a rb ij in ie d e r ko m b e rg in g s -g e b ie d  random  een aan ta l locaties, 

even tuee l g e s tra tif ice e rd , m.b.v. een g rid b e m o n s te r in g  ja a rlijk s  gevo lg  w o rd e n  (B ijleve ld  e ta /,  in p rep.). De d e f i­

n itie ve  resu lta ten  kom en in h e t eerste k w a rta a l van 2008 beschikbaar.
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Summary
The macrobenthic fauna on in tertidal m udflats in the Dutch W adden Sea is described based on an area-w ide  grid  

sampling in 2004 and 2006. This description serves as a so-called Tg-assessment o f the benthic fauna on in te rti­

dal m udflats before the  onset o f gas-retrieval in the  eastern part o f the  Dutch W adden Sea. For rare (present in 

less than 1% o f the  samples), common (present in less than 10%  o f the samples) and abundant (present in more 

than 10%  o f the samples), abundances, biomass and d istribution patterns are presented. Next, an overv iew  is 

presented o f the  o ther benthos m onitoring  programmes in the area. The existence o f d iffe ren t benthos m onito­

ring programmes in the Dutch W adden reflects the fact th a t in such a h ighly dynamic and variable environm ent 

(in tertida l, subtidal, sandy to  m uddy sedim ents) as the  Dutch W adden Sea, each research question requires its 

ow n specially designed, tailor-m ade, sampling program m e. Finally, some suggestions are m ade about an optim al 

sampling design to  m onitor the macrobenthic com m unity in the  in tertidal during gas-retrieval in the area.

1. Introduction

The in te rn a tio n a l W adden  Sea is o f  m a jo r im p o rta n ce  fo r  w a te rb ird s , e.g. ducks, geese, w aders , gu lls  and terns. 

N o t o n ly  fo r  b re e d in g , b u t also as w in te r in g  o r  s to p -o ve r area d u rin g  th e ir  annua l m ig ra tio n  fro m  and to  th e  

b re e d in g  g rounds. In th e  Dutch p a rt an e s tim a ted  2-3 m illio n  b irds a n n ua lly  use th e  area in one w a y  o r a n o th e r 

(van de Kam e t al. 2004). For m any species th e  ava ilab le  m acrozooben thos  (all b e n th ic  fa u na  re ta in e d  a fte r  sie­

v in g  sed im e n t w ith  a 1-mm mesh), on f la ts  exposed d u rin g  lo w -tid e s , are o f  key -im p o rta n ce  as a food-sou rce .

In 1988 th e  Royal N e the rlands  In s titu te  fo r  Sea Research (NIOZ), in association w ith  th e  U n ive rs ity  o f 

G ron in g e n , s ta rte d  a research -p rog ram m e on an exem p la r w ader, th e  red K n o t (C a lid ris canu tus ), com b ined  w ith  

a b e n th ic  sam p ling  p ro g ra m m e  (Piersma e t al. 1993). This app roach  q u ick ly  resu lted  in kn o w le d g e  on h a b ita t use, 

d ie t, fo o d  d e te c tio n  and fo o d  a v a ila b ility  o f  K nots (e.g. D ek inga  and Piersma 1993; Piersma e ta /.  1993ab, 1995).

D u ring  th e  f irs t  years sam p ling  was m a in ly  done  a ro u n d  th e  island G riend . From 1997 onw ards, a fte r  a 

P IONIER-grant w as aw a rded  to  T. Piersma by NW O, th e  b e n th ic  p ro g ra m m e  g ra d u a lly  expanded; now adays th e  

sam p ling  area covers 225 km ^, m a in ly  in th e  w e s te rn  D utch W adden  Sea be tw e en  H a rlin g en /T e rsch e llin g  and 

Texel. By co inc idence  th is  scale m atches th e  area needed fo r  b e n th ic  m o n ito r in g  as proposed by A rm on ie s  (2000). 

O ccasionally, sam p ling  is also done  in m ore  easterly  areas, such as E nge lm ansp laa t o r S im onszand (van Leeuw e e t 

al. 2008). O vera ll w e  a c tu a lly  are able to  m easure in te r t id a l fo o dsu p p lie s  a t th e  scale used by fo ra g in g  Knots, i.e. 

th e  w h o le  w e s te rn  D utch W adden  Sea.

The se t-up  o f  th is  rese a rch -e ffo rt, s tu d y in g  b e n th ivo ro u s  w aders  and th e ir  b e n th ic  food -sou rce  on a 

la rge  scale, is n o w  also e xp o rte d  to  o th e r  parts o f  th e  w o r ld  th a t  have m ig ra to ry  w aders  and in te r t id a l m ud fla ts , 

such as France, E ng land, G erm any and A u s tra lia  (see Bocher e ta /.  2007; van Gils e ta /.  2005a). C urren tly , th e  

design and m ethods o f  th e  be n th ic -sa m p ling  are be ing  rev iew ed  and com pared  w ith  o th e r  sam p ling  schem e 's to  

o p tim iz e  th e  design (B ijleve ld  e ta /,  in prep.).

In 2004 and 2006 w e  u n d e rto o k  a m a jo r e f fo r t  by sam p ling  th e  w es te rn  and eastern p a rt o f  th e  Dutch 

W adden  Sea consecutive ly  in b o th  years. This re p o rt sum m arizes abundance , biomass and d is tr ib u t io n  o f  all 

m a c ro zo o b en th ic  fa u na  e n co un te re d  d u rin g  these  years. It shou ld  serve as a de sc rip tio n  o f  b e n th ic  fa u na  on 

in te r t id a l m u d fla ts  b e fo re  th e  onse t o f  gas-re trieva l in th e  eastern p a rt o f  th e  D utch W adden  Sea. This re p o r t thus 

represents a so-called Tg-assessment.

Eema-
Oallard

[ZOllUd I

MwsOiep

Kilom eters

Figure 1 : Map o f the Wadden Sea, showing the sampling stations (2006) and the  d iffe ren t tidal-basins. 
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2. Study area

The s tud ied  area com prises th e  in te r t id a l p a rt o f  th e  D utch W adden  Sea. It has a t id a l range b e tw e en  1.5 m in th e  

w e s t and increasing a m p litu d e  fu r th e r  east, reach ing  a m axim um  o f  4 m in th e  G erm an p a rt (van de Kam e ta /. 

2004). The sed im ents exposed d u rin g  lo w -tid e s  can be characterised as sands and m uddy  sands, w ith  a m ed ian  

g ra in -s ize  ran g in g  fro m  1 4 0 to  200 pm (Piersma e ta /.  2001; Zw arts  e ta /.  2003). This area can be d iv id e d  in to  10 

tid a l-b a s in s  th a t  g e t th e ir  s a ltw a te r  in p u t fro m  d if fe re n t  in le ts  (Fig. 1). In these d if fe re n t  basins w e  sam pled b e t­

w een  29 and 1929 s ta tions, w ith  a to ta l o f  3888 s ta tions  in 2006 and 3880 in 2004, respective ly  (Fig. 1; Table 1). 

A p p ro x im a te ly  75%  o f th e  samples are ta ke n  in basins th a t  are assigned to  th e  w es te rn  W adden  Sea area (Table 

1).

Table 1 : The number o f samples taken in 2004 and 2006 in the d iffe ren t tidal-basins, divided over western and eastern Dutch Wadden 

Sea. Divisions in tidal-basins and east/west are based on a RIKZ-map called "Kom bergingen", as provided by the NAM (G. Wintermans).

2004 2006
Marsdiep 67 67
Eierlandse Gat 778 783
Vlie 1887 1929
Borndiep 51 57
Eems-Dollard 29 30
Eilanderbalg 94 92
Lauwers 275 250
Pinkegat 149 150
Schild 100 95
Zoutkamperlaag 450 435

2732 2779
1148 1109
3880 3888

West
East
Total

3. Methods

Sampling

S am pling s ta tions  w e re  v is ited  once a yea r b e tw e en  m id July and early  O c to b e r e ith e r  on fo o t  d u rin g  lo w t id e  o r 

by b o a t d u rin g  in co m ing , h ig h , o r  o u tg o in g  tides. S am pling s ta tions  are a rranged  in a p re -d e te rm in e d  g rid , w ith  

a s a m p lin g -in te rva l o f  250 m. These sam p ling  pos itions  w e re  assigned in th e  f irs t  yea r and rev is ited  in th e  years 

a fte r  (Van d e r M ee r 1997). M easured densities o f  b e n th ic  fa u na  d id  n o t d e m o n s trab ly  change o v e r th is  3 -m o n th  

sam p ling  p e rio d  (Piersma e ta /.  1993). There is no te m p o ra l e ffe c t on m easured densities th a t  w o u ld  cause d if fe ­

rences be tw e en  tida l-bas ins . S am pling s ta tions  w e re  fo u n d  w ith  handh e ld  GPS (G arm in  45 and 12, using WGS84 

as m ap d a tum ). On fo o t,  one sed im e n t core o f  0.018 d o w n  to  a d e p th  o f  20 cm was ta ke n  and b o tto m  (deeper 

th a n  4 cm) and to p  (u p p e r 4 cm) w e re  separa te ly  hand led . By b o a t a to ta l surface o f  0.017 d iv id e d  ove r 2 

cores, also to  a d e p th  o f  20 cm, was sam pled. M ax im um  w a te r  coverage to  a llo w  boa t-sa m p lin g  w as a p p ro x im a ­

te ly  2 m, d e p e n d in g  on w e a th e r  co n d itio ns . The tw o  m ethods, based on com parisons be tw e en  ben thos densities 

a t 165 a d jo in in g  pos itions th a t  w e re  e ith e r  sam pled by b o a t o r on fo o t  be tw e en  1998 and 2004, d id  n o t y ie ld  d i f ­

fe re n t results (K raan e ta /.  2007). The cores w e re  sieved ove r a 1 m m  mesh and o f  a ll species num bers w e re  coun ­

te d  in th e  sieve and recorded; fo r  b iva lves age/size classes w e re  also no ted . To m o n ito r  th e  M udsna il H yd rob ia  

u lvea  an extra  core w as ta ke n  and sieved ove r a 0 .5-m m  mesh. N o te  th a t  th is  is on ly  fo r  s ta tio ns  sam pled on fo o t;  

S am pling by b o a t does n o t a llo w  ta k in g  th is  ex tra  sam ple, since it  w o u ld  be very d if f ic u lt  to  o b ta in  an u n d is tu r­

bed top -laye r. A ll crustaceans and m olluscs w e re  co llec ted  in p lastic  bags and s to red  a t -20 °C fo r  la te r analyses.

In th e  la b o ra to ry  th e  m olluscs in each sam ple  w e re  m easured to  th e  nearest mm  and th e  n u m b e r o f 

g ro w th r in g s  was coun ted . A d d it io n a lly , fo r  M acom a b a lth ica  also shell th ickness and c o lo u r w e re  no ted . Then, 

th e  so ft-p a rts , i.e. "m e a t" ,  w e re  separa ted  fro m  th e  shell and s to red  in crucibles. B o th  shells and m eat w e re  d ried  

in a v e n tila te d  d ry in g  oven a t 60 to  cons tan t mass. The next step w as to  w e ig h  th e  d ried  shells and m eat, fo l lo ­

w ed  by in c in e ra tio n  o f  th e  m eat in an oven a t 550 fo r  5 hrs. A f te r  co o lin g  in a des ica to r th e  m eats w as re w e ig ­

hed, and a fte r  c lean ing  th e  e m p ty  crucibles w e re  w e ig h e d  aga in . In th is  w a y  w e  d e te rm in e d  th e  dry-m ass o f  th e  

m ea t and shells, and th e  ash mass and ash-free  d ry  mass (AFDM). For m ore  de ta ils  see Piersma e ta /.  (1993) and 

Van Gils e t al. (2006ab).
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To be ab le  to  re la te  b e n th ic  abundances, d is tr ib u tio n s  and biomass to  e n v iro n m e n ta l va riab les  w e  also 

co llec ted  sed im ent-sam ples. In every 1 -k m ^  b lock w e  to o k  one sed im e n t sam ple, w h ich  means th a t  in to ta l 

a p p ro x im a te ly  250 samples w e re  co llec ted  fo r  la te r analyses w ith  th e  C ou lte r-C oun ter. The da ta  o b ta in e d  w ith  

th is  appara tus, m ed ia n -g ra in  size and s ilt % , d isp lay  th e  m ost in fo rm a tiv e  a b io tic  param eters, besides perhaps 

d e p th  in re la tio n  to  D utch O rd inance  Level (N.A.P.). Sedim ents are n o t inc luded  in th is  re p o r t (and n o t y e t ana ­

lyzed fo r  2006), b u t m en tio n e d  here to  g ive  a com p le te  o ve rv ie w  o f  th e  f ie ld -  and la b -w o rk . See Piersma e ta /. 

(2001) fo r  de ta ils .

Note: Biomass-values fo r the eastern part o f the Wadden Sea in 2004 have yet to  be proceeded in the laboratory. Only abundance-data 

were used.

Taxonomic resolution

The g rid -sa m p ling , as n o ted  be fo re , was in it ia liz e d  to  m o n ito r th e  fo o d  fo r  m o llusc ivo rous shoreb irds. This s ta r­

t in g  p o in t d iffe rs  fro m  m ost o th e r  m o n ito r in g  series, like  th e  B eukem a/D ekker series on th e  B a lgzand, w h o  e x p li­

c it ly  focus on ben thos  o n ly  (Beukem a 1976). To focus on b e n th ic  m acro zo o b en th o s  fro m  a b ird 's  eye v iew , 

com b ined  w ith  h igh  re so lu tio n  sam p ling  ove r a very la rge  area, has a fe w  consequences:

1. Polychaetes are coun ted  in th e  fie ld  and no da ta  on biomass are co llected.

2. Taxonom ic reso lu tio n  o f  po lychaetes is n o t a lways set a t th e  species level. C oun ting  th e m  in th e  fie ld  

means th a t  no d is tin c tio n  can be m ade be tw een  H eterom astus f il ifo rm is  and C apite lla  cap ite lla , fo r  

exam ple. D iffe re n t N ereids  are n o t separated, besides th e  obvious Nereis virens  and N. d ivers ico lor.

3. H yd rob ia  u lvae  is on ly  q u a n tita t iv e ly  sam pled w a lk in g ; by b o o t on ly  presence/absence is no ted .

4. Flesh and shell are n o t separated i f  bivalves w e re  sm alle r th a n  7 m m. This is done to  econom ize  on th e  lab- 

w o rk , b u t also fo r  practica l reasons (due to  th e  small size th e  shells are like ly  to  b reak d u rin g  ha n d lin g , and 

th is  w ill increase m easurem ent e rro rs)*. This p rob lem  is n o t o n ly  occu rring  in o u r analysis, b u t in o thers as 

w e ll.

*  To s till be able to  de te rm in e  biomass o f  these small bivalves, conversion fac to rs  w e re  app lied  (see van Gils e ta /. 

2005b).

4. Results

This section  w il l  g ive an o ve rv ie w  o f  every species e n co un te re d  d u rin g  sam p ling  in 2004 and 2006. Species are 

s p lit in to  th re e  groups: Scarce, C om m on and A b u n d a n t. Scarce means th a t  a species occurs in less th a n  1 % o f  all 

s ta tions  th a t  w e re  sam pled in 2006 (A p p e n d ix  1), thus  p resen t in less th a n  40 d if fe re n t s ta tions. C om m on are 

those  species th a t  are p resen t in less th a n  10% o f all sam p ling  s ta tions, and a b u n d a n t species are p resen t in m ore 

th a n  10% o f  a ll s ta tions. Maps are on ly  show n fo r  C om m on and A b u n d a n t species. A ll da ta  on d is tr ib u tio n , p re ­

sence, and biomass are p resen ted  in A p p e n d ix  1, 2, 3, 4, and 5. A p p e n d ix  6 con ta ins  th e  a b u n d a n c e /d is tr ib u tio n  

maps.

4.1. Scarce Species

Abra alba

W h ite  F u rrow  shell, W it te  Dunschaal (S crob icu la riidea ) -

A  very rare species on ly  e n co un te re d  tw ic e  in th e  V lie  t id a l-b a s in  in 2006 and absent in 2004 (in  2005 it  appeared  

fo r  th e  f irs t  t im e  in o u r samples in th e  same tid a l-b a s in  as 2006). A. a lba  is ve ry  a b u n d a n t in th e  coastal, su b tid a l 

zone in m uddy sed im ents (H ayw ard  and Ryland 1995; de Bruyne 2004).

Crassostrea gigas

Pacific Oyster, Japanse O ester (O stre idea) -

This in tro d u ce d  species has p e rm a n e n tly  established its e lf o v e r th e  last decade, as a fo llo w -u p  species fo r th e  

van ished na tive  F lat O yster (Ostrea edulis). First t im e  recorded  in th e  W adden  Sea in 1983, on th e  dykes o f  Texel 

(W o lf f  2005a). C u rre n tly  i t  is a com m on species o f  th e  su b tid a l parts  o f  th e  W adden  Sea, w hereas on th e  in te r t id a l 

f la ts  surveyed by us it  has n o t (ye t) been ab le  to  fo rm  p e rm a n e n t reefs. This species was e n co un te re d  in very lo w  

abundances in th re e  basins, V lie , Z ou tka m p e rla a g  and Schild.
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Mysella b identata

NA, T w ee tandm osse ltje  (M o n ta c u tid a e ) -

Presumed to  be p resen t in all parts  o f  th e  D utch W adden  Sea (H o ltm a n  e ta /.  1996), b u t th is  is n o t a p p a re n t fro m  

o u r da ta ; i t  w as on ly  p resen t in 4 tid a l-b a s in s  (see Bocher e ta /.  2007, w h o  also ca tego rize  M ysella  as a rare species 

based on sam p ling  in a n u m b e r o f  tida l-sys tem s in N o rth w e s t Europe). W he re  p resent, th e ir  densities w e re  very 

lo w  (m ax im um  dens ity  0.7 i n d / m ^ ,  Eierlandse G at 2004). Present in 12 s ta tions  (0.3%  o f  to ta l n u m b e r o f  s ta tions) 

in 2006. The occurrence o f  M ysella  is h ig h ly  va riab le , and severe ly in flu e n ced  by w in te r- te m p e ra tu re  (Beukem a 

1979, 1989).

Petricola pholadiform is

A m erican  P iddock, A m erikaanse  Boormossel (P e trico lidae ) -

A ro u n d  1890 in tro d u ce d  in w a te rs  a ro u n d  G rea t B rita in  and f irs t  observed in th e  N e the rlands in 1905 (de Bruyne 

2004). The in tro d u c tio n  is p ro b a b ly  re la te d  to  im p o r t o f  Oysters fro m  N o rth -A m e rica  (W o lff  2005a). This species 

bores in to  clay, pea t o r s o ft rocks substra tes (H ayw ard  and Ryland 1995). These substra tes are rare o r absent in th e  

in te r t id a l,  w h ich  cou ld  exp la in  th e  lo w  abundances in th e  W adden  Sea. From th e  su b tid a l-a re a  o f  th e  W adden  

Sea it  is kn o w n  to  occur in o n ly  3%  o f all s ta tions  ( to ta l n u m b e r o f  s ta tions  is 457) (D ekker 1989). M ost "a b u n ­

d a n t"  in th e  Eem s-D ollard basin w h e re  1.9 i n d / m ^  w e re  to  be fo u n d  in 2006.

Nereis virens

King Rag, Zager (N ere idae) -

A n o th e r  in tro d u ce d  species fro m  th e  N o rth  A t la n t ic  o r N o rth  Pacific th a t  has estab lished  itse lf, a fte r  be ing  recor­

ded fo r  th e  f irs t  t im e  in 1915 (W o lff  2005a). A  much w a n te d  species as b a it fo r  a n g lin g  and th e re fo re  also com ­

m erc ia lly  harvested (H ayw ard  and Ryland 1995). Data on annua l ta ke  by fishe rm an , and scale o f  im pac t are 

v ir tu a lly  absent (W o lf f  2005b). O n ly  recorded on m u d fla ts  w ith in  th e  basins Z o u tka m p e rla a g , E ierlands Gat and 

V lie , w ith  a m axim um  dens ity  o f  0.3 i n d / m ^ .  O vera ll, th is  species w as p resent in 0.1 % o f  all s ta tions  in 2006.

Phyllodoce maculata

NA, G estippe lde  D ie se ltre in w o rm  (P hy llodoc idae ) -

A  b e a u tifu l species, cha racte rized  by a y e llo w  body w ith  b lack dots, th a t  lives in m uddy sand, u n d e r stones and in 

Mussel beds (H ayw ard  and Ryland 1995). Present in 0.7%  o f all sam p ling  s ta tions  in 2006, in a lm ost a ll t id a l-  

basins. M ax im um  dens ity  was 4.6 i n d / m ^  in th e  Lauwers area 2004. P opu la tions  seem to  be u n d e r co n tro l by th e  

presence o f  th e  p re d a to ry  po lychae te  N epthys h o m b e rg ii (W illia m s  e t al. 2004).

Scololepis foliosa

NA, NA (S p ion idae) -

H ighest recorded  dens ity  is 0.6 i n d / m ^  in 2006 (E ilande rba lg ), b u t v ir tu a lly  absent fro m  m ost o th e r  areas. This spe­

cies is m en tio n e d  in Beukem a (1989) as a species th a t  shows an increasing tre n d  in abundance , as w e ll as biomass. 

Prefers clean o r s lig h tly  m uddy  sand, and usua lly  is so lita ry  (H ayw ard  and Ryland 1995).

Littorina littorea

P e riw in k le , A lik ru ik  (L itto r in id a e ) -

C om m on on in te r t id a l rocky shores, b u t also makes fe e d in g  excursions on she lte red  m uddy  fla ts  (H ayw ard  and 

Ryland 1995; de Bruyne 2004). T h e ir fo o d  consists o f  a lgae. M a in ly  a species o f  th e  eastern  D utch W adden  Sea, 

w h e re  it  is p resen t in 1 % o f  all samples, opposed to  0.1 % in th e  w es te rn  part.

Retusa obtusa

M ud B ubb leshe ll, O u b lie h o re n  (R etusidae) -

C arn ivore  sna il, th a t  feeds on H yd rob ia  u lvae  and d ia tom s. Occurs in th e  W adden  Sea on so ft m u d fla ts , rich in s ilt, 

especia lly areas th a t  are n o t co m p le te ly  exposed d u rin g  lo w -tid e s  (de Bruyne 2004). It liv e s ju s t b e lo w th e  sedi- 

m ent-surface . Due to  its sm all size easily o ve rlo o ke d  in th e  sieve. O n ly p resen t in th e  eastern p a rt o f  th e  sam p ling  

area in 2004 and 2006, b u t in o th e r  years also occu rrin g  in th e  V lie  area, especia lly close to  th e  is land G riend  (ow n  

da ta). Found in 0.1 % o f  all samples in 2006.

Palaemon sp.

NA, S teu rga rnaa l (P a la e m o n id a e )-

Found once in th e  E ierlandse G at basin in 2004. O ccasionally fo u n d  by D ekker/

W aasdorp  (pers. com .), b u t none w e re  fo u n d  in 2003 (D ekker and W aasdorp  2004).
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Asterias rubens

S tarfish , Zeester (A s te riidae ) -

This is a species ty p ic a lly  associated w ith  ha rd-substra tes, like  rocks and sh e ll-g rid . It co m m o n ly  occurs fro m  th e  

edge o f  th e  in te r t id a l m u d fla ts  to  deepe r w a te rs . E ncoun te red  in 2004 on ly  in th e  V lie  and E ierlands G at basin 

(0.1 % o f  sam p ling  s ta tions  in b o th  areas), a t s ta tions  close to  th e  sub tid a l.

Leptochitona cinereus

Grey C o a t-o f-m a il C h iton , A sg rauw e  Keverslak (Ischnoch iton idae ) -

A  species associated w ith  ha rd -subs tra te , like  rocks o r she ll-g rid . O n ly fo u n d  in 2004 and in th e  eastern  p a rt only. 

L e p to c h ito n a  w il l p ro b a b ly  increase, as it  is co m m on ly  p resen t on Oyster-beds.

N em ertine sp.

F la tw o rm , P la tw o rm  (L in e id a e ? )-

This pecu lia r species was o n ly  fo u n d  in th e  w e s te rn  p a rt o f  th e  sam p ling  g rid  in 2006 (0.1 % o f  a ll sam p ling  s ta ti­

ons), w ith  a m ax im um  dens ity  o f  0.2 in d /m ^  in th e  V lie  area. A cco rd in g  to  Beukem a (1989) th is  species is sensitive 

to  lo w  w in te r- te m p e ra tu re s , b u t in fo rm a tio n  on o th e r  aspects o f  life -h is to ry  are lack ing .

4.2. Common Species

Abra tenuis

T ria n g u la r Peppershell, Tere Dunschaal (S crob icu la riidae ) -

This sm all species is co n fin e d  to  in te r t id a l m u d fla ts  w ith  a s o ft substra te  (H ayw ard  and Ryland 1995). W ith in  th e  

in te r t id a l i t  is d is tr ib u te d  am ong  th e  h ighes t parts, w h e re  it  is severe ly reduced a fte r  cold w in te rs  (Beukem a 1979, 

1989). The Dutch W adden  Sea is a t th e  n o rth e rn  b o u n d a ry  o f  its d is tr ib u t io n  (D ekker and Beukem a 1999). Besides 

cold w in te rs , th e  m ode o f  re p ro d u c tio n , e.g. d ire c t d e ve lo pm e n t, also genera tes la rge  flu c tu a tio n s  in p o p u la tio n  

densities. Even local e x tin c tio n s  are occu rrin g  (H olm es e ta /.  2004). In o u rs a m p lin g  g rid  it  ty p ic a lly  is m ost a b u n ­

d a n t in th e  w e s te rn  p a rt (3.8%  in th e  w est, aga inst 0.04%  in th e  east); especia lly th e  E ierlandse G at area boasts 

h igh  densities (63.9 in d /m ^  in 2006). A b ra  also shows th e  im p o rta n ce  o f  cove ring  la rge  areas w ith  b e n th ic  m o n ito ­

ring . Basins in th e  w e s t show ed a dens ity  increase be tw e en  2004 and 2006, w hereas in th e  east th is  is reversed.

The c o n tr ib u t io n  to  th e  to ta l b iomass pe r is m in im a l w ith  0.11 g r A F D M /m ^ a t m ost.

Ensis directus

A tla n t ic  Jackkn ife  Clam, A m erikaanse  Zw aardschede (So len idae) -

Exotic species th a t  w as f irs t  observed in th e  G erm an W adden  Sea in th e  end o f  th e  seventies, and spread fro m  

th e re  (de Bruyne 2004). M ost lik e ly  th is  spread was th ro u g h  la rval tra n s p o r t (W o lff  2005a). The p o p u la tio n  expan­

sion, a t th a t  t im e , w as 75 km /year to  th e  w e s t and 125 km /year to  th e  n o rth  (A rm on ies  2001). In 2004 s till p resen t 

in very lo w  densities in th e  eastern p a rt o f  th e  sam p ling  area, b u t in 2006 it  w as on ly  p resen t in th e  w est. Areas 

w ith  h igh  densities are ve ry  local and va riab le  b e tw e en  years, usua lly a yea r w ith  h igh  re c ru itm e n t is fo llo w e d  by 

years w ith  a s tead ily  decrease, u n til th e re  is a n o th e r successful re c ru itm e n t (ow n  data).

M ya arenaria

Sand Gaper, S tra n dg a p e r (M yacidae) -

M ya  occurs in sandy sed im ents, o fte n  m ixed w ith  m ud o r g rave l, up to  a d e p th  o f  20 m (H ayw ard  and Ryland 

1995). A lso  an exo tic  species, m ost like ly  in tro d u ce d  th ro u g h  ba llas t w a te r  in Europe. Ten ta tive ly , th is  in tro d u c ­

t io n  is ascribed to  th e  V ik ings. First record  in th e  N e the rlands  is fro m  1765 (W o lf f  2005a). This species, due to  its 

la rge  size, g e n e ra lly  co n trib u te s  s ig n ific a n tly  to  th e  to ta l b iomass (Beukem a 1976). A t  th e  B a lgzand area th is  spe­

cies show  a co n tin uo u s  increase in b o th  average abundance  and biomass in t im e  (D ekker and W aasdorp  2007). 

C o m p e titive  in te ra c tio n s  w ith  M acom a b a lth ica , C erastoderm a edu le , as w e ll as M y tilu s  edu lis  a ffe c t p o p u la tio n  

dynam ics (W illia m s  e t al. 2004). For th e  V lie  basin it  ac tu a lly  is th e  species th a t  ranks #1, w h e n  lo o k in g  a t bio-mass 

(3.52 g A F D M /m ^ max.). N um erica lly  i t  is o n ly  an im p o r ta n t species in th e  V lie  basin, a lth o u g h  it  also occurs in 

m ost o th e r  basins.

M ytilus edulis

C om m on Mussel, G ew one Mossel (M y tilid a e ) -

A  b iva lve  th a t  occurs in dense beds, m a in ly  fro m  th e  u p p e r shore d o w n w a rd s  in to  s h a llo w  s u b lit to ra l w a te rs  

(H ayw ard  and Ryland 1995). Once a very a b u n d a n t species in th e  w e s te rn  p a rt, b u t c o m p le te ly  van ished. O nly 

sm all patches re m a in /a p pe a r aga in , b u t no stab le  beds, as fo r  now . U n til recen tly  heav ily  fished  upon  fo r  con­

su m p tio n . M ore  com m on in th e  eastern  p a rt (5.7%  o f  all s ta tio ns  sam pled), w h e re  p ro te c te d  areas w e re  closed
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fo r  fishe ries  and some musselbeds rem a ined . A b se n t fro m  th e  m ost w e s te rly  and easterly  t id a l basins. The b io ­

mass values show  th a t  i t  can be an in f lu e n tia l species (max. 8.09 g r A FD M /m ^ E ilanderba lg ). In a p aper by 

Beukem a (1976) it  is th e  species th a t  c o n trib u te s  m ost to  th e  to ta l biomass, based on transects sca tte red  across 

th e  w h o le  D utch W adden  Sea. A lso  in th e  su b tid a l i t  is ve ry  a b u n d a n t (ranked  3 r<̂ ) and co n tr ib u te s  m ost to  th e  

to ta l biomass (D ekker 1989)

Scrobicularia plana

Peppery F u rrow  Shell, P la tte  S lijkgape r (S crob icu la riidae ) -

This species is also co n fin ed  to  th e  in te r t id a l,  w h e re  it  occurs in so ft sed im ents (H ayw ard  and Ryland 1995). In th e  

w in te r  it  buries tw ic e  as deep in th e  se d i-m en t as in sum m er (Zw arts  and W a n in k  1989). S crob icu la ria  reaches 

h ig h e r abundances in m ore  so u the rn  areas, like  A ig u il lo n  Bay in France (Bocher e ta /.  2007). W ith in  th e  Dutch 

W adden  Sea it  is a w id e ly  d is tr ib u te d  b iva lve , th a t  is o n ly  absent fro m  th e  M arsd iep  basin. H ighest densities are 

fo u n d  on th e  E ilande rba lg  (21.1 in d /m ^  in 2004).

Tellina tenuis

Thin  Te llin , Tere P latschelp (Te llin idae ) -

G enera lly  Tellina  is d is tr ib u te d  across sandy sed im ents (H ayw ard  and Ryland 1995). This species is e x tre m e ly  sensi­

tiv e  to  co ld w in te r  te m p e ra tu re s , expressed by decreased densities a f te r  a harsh w in te r  (Beukem a 1989; de Bruyne

2004). A f te r  th e  m ost e x trem e  w in te rs  th e  p o p u la tio n  can p e rio d ica lly  d ie  o u t, fo llo w e d  by co lo n iz a tio n  fro m  o f f ­

shore N o rth  Sea p o p u la tio n s  (D ekker and Beukem a 1999). H ighest densities are fo u n d  in th e  w es te rn  p a rt (4%  o f 

a ll samples, aga inst 0.1 % in th e  east), w h ich  m ost lik e ly  is due to  th e  presence o f  m ore  sandy sed im ents is th is  

area.

Eteone longa

NA, NA (P hy llodoc idae ) -

This species is a p p a re n tly  fa ir ly  to le ra n t to  cold w in te r  te m p e ra tu re s  (Beukem a 1979) and is becom ing  increasin ­

g ly  m ore  a b u n d a n t (Beukem a 1989). In th e  su b tid a l parts  o f  th e  W adden  Sea it  a lready w id e sp re a d  and com m on 

(D ekker 1989). In o u r sam p ling  area it  is w idesp read , b u t n o t y e t a b u n d a n t (A p p e n d ix  1, 2, and 3). There is la rge 

v a r ia t io n  in densities be tw e en  2004 and 2006, b u t a lm ost a lw ays lo w e r densities in 2006.

Harm othoe sp.

NA, Zeerups (P o lyno inae) -

Once aga in  a species w ith  a very w id e  d is tr ib u t io n , com b ined  w ith  lo w  densities. As in some o th e r  species, like  

Tellina te n u is  and A b ra  tenu is, i t  is also sensitive to  lo w  w in te r  te m p e ra tu re s  (Beukem a 1989). In 2006 it  w as p re ­

sent in 2%  o f all samples.

M arenzelleria viridis

NA, NA (S p ion idae) -

A  p e rm a n e n tly  estab lished  exo tic  species, in tro d u ce d  v ia  ba llast w a te r  in to  th e  W adden  Sea. It w as observed fo r  

th e  f irs t  t im e  in D utch w a te rs  in 1983 (W o lff  2005a). P re d o m in a n tly  occurs in th e  w e s te rn  pa rt, b u t can be fo u n d  is 

th e  east as w e ll.  If  p resen t, th e  densities can be ve ry  h ig h , e.g. 207 in d /m ^  (V lie  basin 2004). This species a ppa ­

re n tly  f i l le d  an e m p ty  n iche, since th e re  are no in te ra c tio n s  be tw e en  o r ig in a l m acro b e n th ic  species and th is  n e w ­

com er (see Essink e ta /.  1998). Based on sam p ling  in prev ious years w e  have th e  im pression th a t  it  is a 

w in te r-se n s itive  species th a t  is e n o rm ous ly  reduced in abundance  a fte r  a co ld w in te r  (ow n  data).

Pygospio elegans

NA, Z a n d p ijp  (S p ion idae) -

A  sm all tu b e -b u ild in g  S p ion idae , th a t  makes th e  tubes o u t o f  f in e  sand g ra ins em bedded  in mucus (H ayw ard  and 

Ryland 1995). Pygospio, a sh o rt- live d  species, is ab le  to  qu ick ly  co lon ize  ava ilab le  h a b ita t, a f te r  rem o v in g  all s tan ­

d in g  s tock b e fo re -ha n d  (Beukem a e ta /.  1999). Its p o p u la tio n -s ize  is d e n s ity -d e p e n d e n t on Cockles, w h ich  means 

th a t  p o p u la tio n s  are n e g a tive ly  in flu e n ced  by h igh  C ockle-densities (Flach 1996). One o f  th e  m ore  a b u n d a n t spe­

cies in su b tid a l areas o f  th e  D utch W adden  Sea (D ekker 1989). In th e  in te r t id a l parts  i t  is w id e ly  d is tr ib u te d , b u t its 

cen tre  o f  occurrence is in th e  eastern pa rt. This is a very d if f ic u lt  species to  assess, since all th e  l i t t le  tubes  have to  

be checked on occupancy. T he re fo re , all th e  zero-va lues in A p p e n d ix  2 and 3 fo r th e  year 2004 m ost lik e ly  ind ica te  

th a t  th e  species w as unseen, n o t th a t  it  was absent.
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Crangon crangon

B row n Shrim p, G arnaal (C rangon idae) -

The com m on in g re d ie n t o f  sh rim p -cock ta ils , th e re fo re  heavy in d u s tr ia l fishe ries  are ta rg e t in g  th is  species. Occurs 

on sandy sed im ents in th e  in te r t id a l,  and fu r th e r  d o w n  to  a d e p th  o f  50 m (H ayw ard  and Ryland 1995). In th e  w in -  

ter-season th e y  m ig ra te  to  deeper, w a rm e r w a te rs , w hereas in ea rly  sp ring  th e y  s ta rt m ov ing  up in th e  in te r t id a l 

zone aga in  (Beukem a 1979). The w e s te rn  p a rt o f  th e  W adden  Sea has a h ig h e r presence o f  Shrim p th a n  th e  eas­

te rn  p a rt (6.6%  aga inst 0.8%  in 2006). D ensities in th e  w e s te rn  p a rt stayed equa l m ore  o r  less, b u t in th e  east a 

la rge  re d u c tio n  in abundance  b e tw e en  2004 and 2006 is no ticeab le .

Carcinus maenas

Shore Crab, S trandkrab  (P o rtu n id a e ) -

This species is very a b u n d a n t fro m  poo ls a t th e  beach to  a d e p th  o f  200 m (H ayw ard  and Ryland 1995). In th e  sub­

t id a l W adden  Sea it  is one o f  th e  im p o r ta n t species, reg a rd in g  to ta l biomass (D ekker 1989). A g a in  a species th a t  is 

sensitive to  lo w  te m p e ra tu re s  in w in te r  (Beukem a 1989; Beukem a e t al. 1993). As w ith  th e  C om m on Shrim p, also 

presence in th e  w es te rn  p a rt is m uch h igher. The peak o f  abundance  is in th e  E ierlandse Gat basin, w ith  densities 

o f  12.8 in d /m ^ , b u t th is  species is also p resen t in all o th e r  basins.

Corophium vo lu ta to r

NA, S lijkgarnaa l (C o ro p h iid a e )-

O n ly fo u n d  in th e  in te r t id a l parts  o f  th e  W adden  Sea, w h e re  it  bu ilds  se m i-p e rm a n e n t b u rro w s  in m ud (H ayw ard  

and Ryland 1995). Shellducks (Tadorna ta d o rn a )  m o u lt in g  in th e  W adden  Sea, based on d ro p p in g  analyses, in c lu ­

des C orop h iu m  in th e ir  d ie t (K raan e ta /.  2006). P opu la tions  are n e g a tive ly  in flu e n ced  by h igh  C erastoderm a  de n ­

sities, since these d is tu rb  th e ir  bu rro w s  (Flach 1996). This species is a lm ost te n  tim es  m ore a b u n d a n t in th e  

w es te rn  p a rt th a n  in th e  eastern pa rt. The V lie  basin in h a b its  densities o f  432 in d /m ^  in 2006. This means th a t  i t  is 

th e  run n e r-u p  a f te r  th e  w in n e r  H ydrob ia . E igh t o u t o f te n  basins have C o rop h iu m  in va ry ing  densities.

Gammarus locusta

Hopper, V lo k re e ft  (G am m aridae) -

The H oppe r occurs fro m  th e  m id d le  shore to  th e  su b tid a l, o fte n  in h igh  abundances u n d e r stones o r am ongst 

a lgae (H ayw ard  and Ryland 1995). It is a w id e ly -d is tr ib u te d  species, a lth o u g h  never in ve ry  h igh  densities. H ighest 

densities are fo u n d  on th e  E ilande rba lg  (34.3 in d /m ^  in 2004). In genera l densities in 2006 w e re  a lw ays b e lo w  

densities fro m  2004.

4.3. Abundant Species

Cerastoderma edule

C om m on Cockle, G ew one K okke l (C ard iidae) -

A  w id e ly  d is tr ib u te d  species th a t  occurs in sandy m ud, sand, and fin e  grave l sed im ents (H ayw ard  and Ryland 

1995). A lso  in th e  su b tid a l i t  is a species o f  im p o rta n ce  (D ekker 1989). The p o p u la tio n  is cha racte rized  by la rge  

flu c tu a tio n s , as a resu lt fro m  h igh  v a r ia b il ity  in success o f  sp a tfa ll and re c ru itm e n t. Cockles are sensitive  to  severe 

w in te rs , as w e ll as w in te rs  th a t  are co ld e r th a n  average (Beukem a 1979, 1989). Nevertheless, th e ir  d e p th  o f  liv in g  

in th e  sed im e n t rem ains th e  same, regard less o f  season (Zw arts  and W a n in k  1989). In genera l, b u t w ith  e xce p ti­

ons, th e re  is successful re c ru itm e n t a fte r  a co ld w in te r  (Beukem a 1989). M echan ica l ha rvesting  o f  th is  species has 

recen tly  been banned  fro m  th e  D utch W adden  Sea (see Piersma e ta /.  2001; Van Gils e ta /.  2006b, Kraan e ta /. 

2007). Every tid a l-b a s in  has Cockles in va ry ing  densities, b u t its cen tre  o f  occurrence is in th e  east. 41 % o f  a ll s ta t i­

ons have Cockles, aga ins t 16% in th e  w e s te rn  p a rt in 2006. D ensities in 2006 w e re  m in im a lly  equa l to  2004 or 

h igher, w ith  a m axim um  o f 527 in d /m ^  on th e  E ilanderba lg . O vera ll i t  is th e  species th a t  c o n trib u te s  m ost to  th e  

to ta l biomass, fo r  exam ple  51 g A F D M /m ^ in th e  Eem s-D ollard basin.

Macoma balthica

B a lth ic  Tellin , N o n n e tje  (Te llin idae ) -

This is th e  best s tud ied  b iva lve  in th e  N e the rlands. O v e rth e  last 19-years m uch research has been done, ran g in g  

fro m  m o lecu la r eco logy (L u ttik h u iz e n  2003), life  h is to ry  v a r ia tio n  (D re n t 2004), a n ti-p re d a tio n  tra its  in an e v o lu t i­

o n a ry  fra m e w o rk  (De G oeij and L u ttik h u iz e n  1998; Edelaar 2002), and re c ru itm e n t stud ies (H id d in k  2002; Bos

2005). M acom a  is a m ostly  in te r t id a l species w ith  p re fe rence  fo r  so ft sed im ents (H ayw ard  and Ryland 1995). It has 

n o t been recorded  a t dep ths  o ve r 25 m (H o ltm a n  e ta /.  1996). A t  th e  t im e  D ekker (1989) d id  his research, i t  s till 

was th e  m ost com m on b iva lve in th e  su b tid a l area and Beukem a (1989) no ticed  an increase in dens ity  in th e  in te r-
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t id a l areas. Since th e n , i t  has m arke d ly  dec lined  in th e  in te r t id a l (D re n t e ta /,  in prep.). O -group class M acom a  is 

co m m on ly  p reyed upon  by C rangon c rangon , Carcinus m aenas, Gobies Pom atoschistus, and ju v e n ile  f la tf is h  

(H id d in k  e ta /.  2002). This species also w as n e g a tive ly  in flu e n ced  by m echanica l cock le -d re d g ing . N o t so m uch th e  

cu rre n t s ta n d ing  stock, b u t m ore  th e  re c ru itm e n t in th e  years a f te r  d re d g in g  (Piersma e t al. 2001). The B a lth ic  

Tellin  occurs in 24%  o f  all sam p ling  s ta tions  in 2006, w ith  th e  same d iv is ion  b e tw e en  east and w e s t as th e  Cockle 

(m ore  com m on in th e  east). H ighest densities are n o w  fo u n d  in th e  Lauwers basin.

Arenicola marina

Lu gw orm , W a d p ie r (A re n ico lida e ) -

A n  im p o r ta n t b a it species th a t  occurs in clean to  m uddy  sand (H ayw ard  and Ryland 1995), and lives in burrow s. 

P opu la tions  are g e n e ra lly  s tab le  and n o t lim ite d  by cold w in te rs  (Beukem a 1979). H igh levels o f  b iomass and d en ­

s ity  are d e p e n d e n t on h igh  re c ru itm e n t rates o f  yo u n g  lu g w o rm s  (Beukem a 1978). P o p u la tio n  tre n d s  be tw een  

in te r t id a l f la ts  can be ve ry  d if fe re n t o r even opp os ite  to  each o the r, due to  m ig ra tio n  o f  ju ve n ile s  th a t  escape 

u n fa vo u ra b le  c o n d itio n s  (Beukem a and Essink 1986). A re n ico la  is even ly d is tr ib u te d  be tw e en  east and w e s t (18%  

and 20% ), and p resent in all basins in com parab le  densities b e tw e en  2004 and 2006.

Heterom astus filiform is

NA, D ra ad w o rm  (C a p ite llida e ) -

It shou ld  be n o ted  th a t  H e te rom astus-num bers are a com pos ite  o f  H ete rom astus  and C ap ite lla  ca p ita ta , since w e 

are n o t ab le  to  d is tin g u ish  th e  tw o  in th e  fie ld . 40%  o f all samples in 2006 had a t least one in d iv id u a l, w ith  increa­

sing densities to w a rd s  th e  east. A lso  in su b tid a l w a te rs  it  is a ve ry  com m on and a b u n d a n t species (D ekker 1989).

In th e  in te r t id a l it  is increasing (Beukem a 1989). Its num bers  are m a in ly  c o n tro lle d  by tw o  fac to rs : p re d a to r-a b u n - 

dance (i.e. N epthys h o m b e rg ii)  and fo o d -a b u n d a n ce  (S chubert and Reise 1986; Beukem a e ta /.  2000).

Lanice conchilega

Sand M ason, Z a n d ko ke rw o rm  (Te rebe llidae) -

A  tu b e -b u ild in g  w o rm , th a t  bu ilds  tu b es  o u t o f  sand g ra ins and shell frag m e n ts . The tubes  have a ragged fr in g e  

a t th e  m o u th  end (H ayw ard  and Ryland 1995). Lanice  m a in ly  live  in sandy sed im ents and ra re ly  in m ore  m uddy 

b o tto m s  (H o ltm a n  e ta /.  1996). Survival s tro n g ly  depends on w in te r- te m p e ra tu re s , and is h ig h e r a fte r  w a rm e r 

w in te rs  (Beukem a e t al. 1978; Beukem a 1979). Lanice  is tw ic e  as com m on in th e  w est, as in th e  east, based on p re ­

sence/absence in 2006. This is n o t unexpected , as th is  species p re fe rs  m ore  sandy sedim ents. Densities w e re  in 

genera l m uch h ig h e r in 2004 th a n  in 2006.

Nepthys hom bergii

W h ite  C a tw o rm , Z andzage r (N eph ty idae ) -

This p re d a to ry  species is h ig h ly  sensitive to  te m p e ra tu re s  in w in te r  (Beukem a 1989, Beukem a e t a I. 1996). 

P o p u la tio n  deve lopm en ts  are m a in ly  in flu e n ced  by c o n d itio n s  in w in te r  (Beukem a e ta /.  1978; Beukem a e ta /. 

2000). N epthys  is eq u a lly  d is tr ib u te d  in its presence; east and w e s t are th e  same w ith  fig u re s  o f  25-26%  presence. 

Densities in b o th  years (2004 and 2006) are com parab le , w h ich  im p lies  th a t  th e re  was a balance b e tw e en  re c ru it­

m e n t and m o rta lity .

Nereis diversicolor

R agw orm , Z éé d u ize n d p o o t (N ere idae) -

This species lives in b u rrow s, m ade in m uddy  sand (H ayw ard  and Ryland 1995). U n like  some o th e r  species its p re ­

sence is n o t in flu e n ced  by w in te r  te m p e ra tu re , a lth o u g h  it  bu rro w s  deepe r in to  th e  se d im e n t in m ore  severe w in ­

te rs  (Beukem a 1979). The presence o f  Nereis  is even ly  d is tr ib u te d , w ith  in b o th  parts  a presence o f  ~38% . Every 

tid a l-b a s in  shows a d if fe re n t  dens ity  p a tte rn  be tw e en  2004 and 2006; i t  ranges be tw e en  equal densities, lo w e r 

and h ig h e r densities. In genera l th e  eastern basins have s lig h tly  h ig h e r densities.

Scoloplos arm iger

NA, W a p e n w o rm  (O rb in iid a e ) -

A  w id e ly  d is tr ib u te d  w o rm  th a t  occurs a lm ost in a ll sed im e n t types, in c lu d in g  a lm ost anoxic  sed im ents and sea 

grass beds (H o ltm a n n  e ta /.  1996). In th e  su b tid a l i t  is also com m on (D ekker 1989). In in te r t id a l areas it  show ed a 

sharp increase in num bers fro m  th e  m id d le  o f  th e  1980's (Fig. 4, Beukem a 1989). P o p u la tio n  dynam ics are closely 

lin ke d  to  fo o d -a b u n d a n ce  and p re d a to r-a b u n da n ce  (i.e. N epthys h o m b e rg ii)  (Schubert and Reise 1986; Beukem a 

e t al. 2000). Based on an e le g a n t analysis by A rm on ie s  and Reise (2003) it  cou ld  be show n th a t  th is  po lychaete  is 

th e  o n ly  m acro b e n th ic  species th a t  ac tu a lly  occupies a ll su ita b le  h a b ita t. A lth o u g h  Scoloplos  is assumed to  be a
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species w ith o u t  se d im e n t pre fe rences (A rm on ies  and Reise 2003), i t  was tw ic e  as com m on in th e  w est, as in th e  

east, based on presence/absence da ta  2006. The w es te rn  p a rt g e n e ra lly  has coarser sed im ents th a n  th e  eastern 

pa rt. A lso densities w e re  h ig h e r in th e  w es te rn  basins, a lth o u g h  o n ly  m arg ina lly .

Hydrobia ulvae

M udsna il, W ads lak je  (H yd ro b iid a e ) -

A  species, w h ich  favo rs  f irm  m ud and m uddy  sed im ents, and can be fo u n d  up to  a d e p th  o f  20 m (H ayw ard  and 

Ryland 1995). Severe w in te rs  do  n o t seem to  in flu e n ce  its p o p u la tio n  dynam ics (Beukem a 1979), b u t m ig ra to ry  

b e h a v io u r can g ive  o p p os ite  tre n d s  in abundances b e tw e en  in te r t id a l areas (Beukem a and Essink 1986). The tim e - 

scale in w h ich  these m ig ra tio n s  ta k e  place is in th e  o rd e r o f  some hours to  a coup le  o f  days (A rm on ies and H artke  

1995), and th e y  are assumed to  be an a d a p ta tio n  to  escape c row de d  c o n d itio n s  (Lev in ton  1979). In th e  su b tid a l it  

is th e  m ost a b u n d a n t species w ith  an average dens ity  o f  12967 in d /m ^  (D ekker 1989). Based on presence/absence 

fo r  a ll s ta tions  in 2006 H yd rob ia  is m ore  com m on in th e  eastern  p a rt o f  th e  D utch W adden  Sea th a n  in th e  w es­

te rn  pa rt. The v a ria tio n  is average dens ity  is h igh , e.g. th e  Lauwers had 28 in d /m ^  in 2004 and 13333 in d /m ^  in 

2006. N ote  th a t  th e  densities are o n ly  based on po in ts  th a t  w e re  sam pled on fo o t.

Urothoe sp.

NA, B u ld o z e rk re e ftje  (H aus to riidae ) -

Twice as com m on in th e  th re e  m ost w e s te rn  basins, com pared  to  th e  o ther, m ore  eastern  basins. Densities in 2006 

w e re  lo w e r th a n  in 2004, especia lly in th e  eastern pa rt. This species is a com m ensal w ith  A re n ico la  m a r in a ; i t  lives 

inside th e  fe e d in g  pocke t o f  A re n ico la  (Reise 2002).

5. Overview of other existing monitoring series

A t p resent a n u m b e r o f  o th e r  ben thos m o n ito r in g  p rog ram m es exist in th e  Dutch W adden  Sea, carried  o u t under 

th e  resp o n s ib ility  o f  d if fe re n t agencies: M ON*BIOLOGIE, RIVO s c h e lp d ie r-m o n ito r in g  and th e  NIOZ Balgzand 

series.

5.1. MON*BIOLOGIE

This is th e  o ldes t b e n th ic  m o n ito r in g  series in th e  N ethe rlands. It a lready s ta rte d  in 1968 on th e  Balgzand near 

Den Helder, fo llo w e d  by th e  G ro n in g e r w a d  a t N o o rd -p o ld e rz ijl (1969) and w as expanded  w ith  th e  H e ringsp laa t 

(D o lla rd ) in 1978 and th e  Piet Schevep laat (A m e land ) in 1978 (D ekker and W aasdorp  2004) and N o o rd p o ld e rz ijl. 

These m on ito rin g -se rie s  are g ro u p e d  u n d e r M ON*BIOLOGIE and are fu n d e d  by R ijksw a te rs taa t, R ijk s in s titu u t 

v o o r Kust en Zee (RIKZ).

B a lgzand  - S am pling  is done  via 3 transects tw ic e  every yea r in la te  w in te r  and la te  summer. The le n g th  o f  each 

tran se c t is 980 m w ith  an in te r-sam p le  d istance o f  20 m, w h ich  means th a t  each transects consists o f  50 sam p ling  

po in ts . 5 consecutive  samples are g ro u p e d  in to  one; so every transects has 10 com b ined  samples. Samples are 

ta ke n  to  a d e p th  o f  35 cm, w ith  a sed im en t-co re  o f  190 cm^ in w in te r  o r  90 cm ^ in sum m er, and sieved w ith  a 1- 

mm  mesh sieve.

P ie t Schevep laa t a n d  H e rin g sp la a t - A g a in  sam p ling  is done  a long  transects ( th re e  transects on b o th  m ud fla ts ) 

tw ic e  a year, w ith  a sam p ling  d e p th  o f  35 cm and a core w ith  a surface o f  90 cm ^. The le n g th  o f  transects is 760 m 

a t th e  Piet Scheveplaat and 870 m a t th e  H e ringsp laa t; one tran se c t con ta ins  20 sam p ling  po in ts .

N o o rd p o ld e rz ijl - Benthos is sam pled in 5 square p lo ts , w ith  16 to  20 samples per p lo t. Sam pling  is done  tw ic e  per 

yea r in F ebruary /M arch  and aga in  b e tw e en  July and end o f  Septem ber. Tota l area covered is 5 km ^, w ith  a dis­

tance  o f  1 to  2 km be tw e en  th e  p lo ts. A  p lo t is 30 x  30m.

For m ore  de ta ils  see: Beukem a 1976, 1989; Beukem a and Essink 1986; Beukem a e ta /.  1993, 2001; Strasser e t al. 

2003.

5.2. RIVO-schelpdier m onitoring

This com m ercia l m o n ito r in g  focuses on Ed ib le Mussels M y tilu s  edu lis  and Cockles C erastoderm a edu le . S am pling 

is done  in sp ring  w ith  a s tra tif ie d  g rid , w h ich  means th a t  in areas w ith  h igh  expected  densities sam p ling  is done 

w ith  a h ig h e r in tens ity . The d istance be tw e en  N o rth -S o u th  transects is a p p ro x im a te ly  2220 m, w ith  a sam p ling -
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in te rva l o f  a ro u n d  463 m. B o th  decrease w h e n  s tra ti- f ic a tio n  is a p p lie d  (B u lt e t al. 2004; Kam erm ans e t al. 2004; 

S teenbergen  e t al. 2005).

Mussel- and Cockle-beds w e re  v is ited  based on occurrence in p rev ious years, fishe r-m en 's  in fo rm a tio n  

and aeria l surveys. D e pend ing  on th e  lo ca tio n  in th e  in te r t id a l a w id e  a rray  o f  m ethods w e re  a p p lie d  fo r  sam p ling  

(S teenbergen e ta /.  2005). S am p lin g -d e p th  was 10 cm a t m ost and co llec ted  sed im e n t w as sieved th ro u g h  a 4- to  

5-m m  mesh (K am erm ans e ta /.  2004). N o rm a lly  samples are ana lyzed in th e  f ie ld  and d iscarded. In fo rm a tio n  on 

o th e r  b ivalves is n o t re p o rte d , b u t n o ted  in th e  f ie ld  (no  in fo rm a tio n  on o th e r  taxa).

The da ta  on m acrozzooben thos  used w ith in  th e  EVA-2 p ro je c t w e re  co llec ted  w ith in  th e  RIVO-series; 

samples th a t  n o rm a lly  w e re  o n ly  hand led  in th e  f ie ld  w e re  ta ke n  back to  th e  lab fo r  analyses. Specifica lly, th e  

da ta  co llec ted  in 1998 (1800 s ta tions), 2000 (~1900 s ta tions) and 2001 (~1900 s ta tions) w e re  used. A lso  some extra  

a u tu m n  sam p ling  was done  (2000, 2001 and 2002) to  v a lid a te  in te rp o la t io n  m ethods th a t  ca lcu la te  stocks in 

a u tu m n , based on stocks p resen t in sp ring  (Kam erm ans e ta /.  2004). The EVA-2 p ro je c t ended in 2004. O n ly b iva l­

ves and some com m on po lychaetes w e re  ta ke n  in to  account. M easured va riab les  on b ivalves are le n g th , year- 

rings and d if fe re n t fo rm s  o f  fre s h -w e ig h t (B u lt e ta /.  2004).

5.3. NIOZ Balgzand series

The Balgzand-area  is 50 km ^ in to ta l,  w ith  14 transects sca tte red  across th e  area. Three o f  these transects are 

inc luded  in M ON*BIOLOGIE, th e  o thers  are sam pled ou ts id e  th is  fra m e w o rk  by NIOZ. The NIOZ Balgzand series 

s ta rte d  in 1968 by Beukem a and is fu n d e d  by NIOZ. S am pling is done  via transects tw ic e  every yea r in la te  w in te r  

and la te  summer. The le n g th  o f  each tran se c t is 980 m w ith  an in te r-sam p le  d istance o f  20 m, w h ich  means th a t 

each transects consists o f  50 sam p ling  po in ts . 5 consecutive  samples are g ro u p e d  in to  one; so every transects has 

10 com b ined  samples. Samples are ta ke n  to  a d e p th  o f  35 cm, w ith  a sed im en t-co re  o f  190 cm ^ in w in te r  o r  90 

cm^ in sum m er, and sieved w ith  a 1-m m  mesh sieve.

5.4. W h y d iffe ren t m onitoring programmes

The existence o f  d if fe re n t  ben thos  m o n ito r in g  p rog ram m es in th e  D utch W adden  re flec ts  th e  fa c t th a t  in such a 

h ig h ly  dynam ic  and va riab le  e n v iro n m e n t ( in te r t id a l,  su b tid a l, sandy to  m uddy) as th e  D utch W adden  Sea each 

research que s tion  requ ires its o w n  specia lly designed ta ilo r-m a d e  sam p ling  p rog ram m e.

In th is  respect, th e  R IVO -sam pling, on ly  focuses and repo rts  Mussel- and C ockle-densities, based on s tra t i­

f ie d  sam p ling . The app lie d  s a m p lin g -d e p th  (max. 10 cm) and used mesh-size (4-5 m m ) resu lt in lack o f  in fo rm a ­

t io n  on deep b u ry in g  species and sm all b ivalves th a t  are w ashed th ro u g h  th e  sieve, as w e ll as sm a lle r po lychaetes 

th a t  are w ashed ou t. This means th a t  th is  m o n ito r in g  is lim ite d  in scope. EVA-2 is n o t considered  here, because 

th e y  used da ta  fro m  RIVO, and lasted a coup le  o f  years only.

This leaves us w ith  M ON*BIOLOGIE and th e  W ader-B en thos research p ro g ra m m e , w h ich  each have th e ir  

ow n  s tro n g -p o in ts  and weaknesses. See F igure 2 fo r  an o ve rv ie w  o f  sam p ling  sites w ith in  these m on ito ring -se ries .

Figure 2: Map showing all sampling done w ith in  the Bird-Benthos m onitoring (dots), and MON*BIOLOGIE (crosses), and transects moni­

tored by NIOZ (squares).
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C om pared to  th e  W ade r-B en thos  series, M ON*BIOLOGIE has a m uch m ore  res tric ted  sam p ling  area, a lth o u g h  all 

p o in ts  are v is ited  tw ic e  pe rye a r. The da ta  are lim ite d  to  th re e  tida l-bas ins , w h ich  w o u ld  lim it  any s ta tis tica l com ­

parison to  these basins. M ore  d e ta ile d  in fo rm a tio n  on biomasses is g a the re d , w ith  a s lig h tly  h ig h e rta x o n o m ic  

re so lu tio n , due to  th e  fa c t th a t  e ve ry th in g  is co llec ted  and ana lyzed  in th e  lab.

The a d van tage  o f  th e  W ader-B en thos p ro g ra m m e  is th a t  is covers th e  com p le te  D utch W adden  Sea w ith  

a h ig h -re s o lu tio n  sam p ling  g rid . In every t id a l-b a s in  w e  sam ple b e tw e en  29 and 1929 s ta tions, w h ich  w o u ld  a llo w  

com parisons a t th e  tid a l-b a s in  level. Some lim ita tio n s  are a lready  discussed in th e  M e thods-section .

P robably a m ix  o f  b o th  p rog ram m es w o u ld  be th e  m ost ben e fic ia l se t-up  fo r  m o n ito r in g  changes in th e  

w h o le  W adden  Sea. A  w o rk a b le  s o lu tio n  cou ld  be to  ex tend  th e  W ade r-B en thos  p ro g ra m m e  by co lle c tin g  p o ly ­

chaetes fro m  every 1 6 ^  sam ple. This means th a t  fo r  every square -km  one sa m p ling -s ta tio n  is c o m p le te ly  ana­

lyzed in h ig h  d e ta il th e  lab. In p ractice  th e  extra  sa m p lin g -tim e  is n o t th e  b o ttle n e ck , b u t th e  extra  t im e  th a t  has 

to  be devo te d  to  la b w o rk . A n o th e r  m o d if ic a tio n  o f  th e  W ader-B en thos p ro g ra m m e  cou ld  invo lve  a m ore  even ly  

spread sam p ling  set-up. N ow  th e  sam p ling  s ta tions  are ve ry  uneven ly  d iv id e d  across th e  basins and th is  cou ld  be 

im p roved .
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APPENDIX
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8. Appendix
A p p e n d ix  1 : Species-list, w ith  occurrence in %, based on 2004

S|>ecies T axonom ie
G ro u p

%  presenI

Marsdiep Eierlandse 

Gal

Vila Bom-

Dicp

Ahni alba Bivalvia 0 0 0 0
Ahni temih Bivalvia 0 1.7 1.4 0
(  ’eni.aadernui ctiule Bivalvia 1.5 9 4 18.3 17,7

(  'nuMirtrva gigas Bivalvia 0 <1 0,2 0
E ttlii dirvenn Bivalvia 1.5 3.3 3.5 3.9
M ih i Wit/ hullhllXI Bivalvia 0 22.9 30.4 31.4
Mai umiumi Bivalvia 0 2 .a 12.4 9.8
Mysella hiJaiUtki Bivalvia 0 1.3 0.2 0
Mytihii «tuii* Bivalvia 0 0 0,4 0
PcMt'okl ftforluthfuivil' Bivalvia 0 0 0.05 0
ScmhnvlarM pium Bivalvia 0 0 6 1.2 11.8
tellina tenuis Bivalvia 0 3.7 2.2 0
Arenicola munnu Polychaeta 3 19.a 13.7 6 9
Eteone lintea Polychaeta 3 5 4.6 1.96
ffarmaihtH• sp Polychaeta 0 0,9 1.5 1.96
Heienmaaus filiforma Polychaeta 11 9 334 51.2 31.4
tam ce conchilega Polychaeta 17.9 38.7 20.5 35.3
Man ila. Ui na viridis Polychaeta 6 6.01 21.4 7.8
Nepthys hombergii Polychaeta 37.3 2Z4 20.6 15.7
Ai-nus diverMuinr Polychaeta 17.9 422 43.2 43.1

fo r tis  virtm Polychaeta 0 0.5 0.2 0
Phyllodoce maculata Polychaeta 1.5 1.3 1.5 0
Pygotpto elegans Polychaeta 0 0.3 0.2 0
Scofuplos armiger Polychaeta 43.3 75.5 63.4 29.4
Set ihili ’/wv fini taiti Polychaeta 0 0 0.05 0
Hydrobia ulvae * Gastropoda 0 2.4 10.4 1.96
[anatina lituum Gastropoda 0 0.1 0 0
Pi tina obtusa Gastropoda 0 0 0 0
( ningún e rangi m C rusiacea 1.5 6 4 6.3 6 9
Pruninis sp Crustacea 0 0.1 0 0
Caninus mamut Decapoda 4 5 121 6.1 1.96
Canif ihi um n  iluta tor Amphipoda 0 3,6 14 0
< ¡amohína kn it au Amphipoda 7.5 7.6 3.02 0
['nilhue sp Isopoda 9 51.5 16.6 1.96
Anenai ntheiti Asteroidea 0 0.1 0.11 0
I  e p tiK  'httiifiu l ine m u Polyplacophora 0 0 0 0
fomertme sp. Nemertea 0 01 0,05 0

* Presence/absence is used, based on all sampling stations

pinke­

l t

Zoudamper-

lang

Eilantler-

bal£

Lau wei s Schild Eems-
Dollard

West EäSI TVital

0 0 0 0 0 0 0 0 0
0 0 0 0.7 1 0 1.5 0.3 1.1
26.2 26.7 21.3 36.7 19 13.8 15.3 27.2 188
0 0 0 0 0 0 0.11 0 006
0 1.3 2.1 2-6 0 3.5 3.4 1.6 2.9
36.2 462 32.98 69.23 29 27.5 27.5 44.3 32.5
6.7 5.6 6 4 8.4 3 6 9 9.3 6.5 8.5
0 0 0 0 0 0 0.5 0 0.4
0 2 7 1 1 1 6 4 0 0.3 1.8 0,7
0 0 0 0 4 0 0 0.04 Û.ÛS 0  05
5.4 6 3.2 7.6 2 3.5 0.99 5.9 2.5
0.7 1.3 1.1 212 0 3.5 2.6 1.3 2.2
18.8 18.9 26.6 21.1 20 6 9 152 19.3 16.4
4 03 2.4 6 4 11,3 4 3.5 4.7 5.2 4 8
0.7 0.7 1 1 5 8 2 3.5 1.3 2.2 16
46.3 48.4 61.7 51.6 39 55-2 45 5 466 46.2
32.2 37.8 34.04 45.5 36 55.2 25.6 38.8 29.5
6.7 6 18.1 6.6 2B 10.3 16.9 9.3 14.6
26.2 249 13.8 34.6 21 24.1 21.5 25.7 22.8
511.7 45.1 51.1 42.9 29 51.7 42 3 44.6 43

0 0 0 0 0 0 0.3 0 0.2
1.3 1.3 1.1 8 3 0 1.4 3 1.9
0 0 0 0 0 0 0.2 0 0.13
36.9 32.9 46.8 26.9 34 17.2 66.4 32.7 56.4
0 0 0 0 0 0 0.04 0 0.03
5.4 7.6 14.9 18.9 18 3.5 7.9 127 8.9
0 0.2 0 0 i 0 0.04 0.2 0.08
0 0.4 0 0 0 0 0 0.2 0.05
4.7 4 2.1 7.6 0 0 6.2 4.4 5.7
0 0 0 0 0 0 0.04 0 0.02
5.4 56 5 3 9 8 3 3.5 7.8 6.2 7.9
0,7 3,3 32 2 2 3 3,5 107 2.5 8,3
1.3 1.1 4.3 3.6 6 0 4.4 2.4 3.9
12.1 142 17 15.3 17 24.1 23.5 144 20.8
0 0 0 0 0 0 0.1 0 0.08
0 0 1.1 0 0 0 0 0.09 0.03
0 0 0 0 0 0 0.07 0 005
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A p p e n d ix  2: Species-list, w ith  occurrence in %, based on 2006

Species Taxonomic */* Prr«  ot
Group

Marsdiep Eierlandse

Gal

Vlie Bom-

diep

Ftnkc-

S*l

Zoutkampcr-

laa®

Eilandcr-

balg

Lauvvcrs Schild Eems-
Dollaiyl

West East Total

Ahni a/ha Bivalvia 0 0 0.1 0 0 0 0 0 0 0 0,1 0 0.1
Ahni lomis Bivalvia 0 5.4 3.8 0 0 0.2 0 0 0 0 3.8 0.04 2.7
< emstodermu edule Bivalvia 4 5 13.8 17.7 45,6 38 27.4 63 552 24,6 76.7 16.3 41 23.4

i  'nrssostrva gigas Bivalvia 0 0 0.1 0 0 1.6 0 0 1.1 0 0,04 0.7 0.2
Ensis J im  ias Bivalvia 7.5 5 11 0 0 0 0 0 0 0 2.6 0 1.8
Manumi batlhku Bivalvia 1.5 14.1 18.3 17.5 31.3 39.5 55.4 51.6 29.5 40 16.7 40.5 23.5
Mya arenaria Bivalvia 0 4.1 10.6 3.5 2 1.4 2.2 1.2 2.1 0 8.5 1.6 6.6
Mysella btJentata Bivalvia 0 0.8 0.2 6 0.7 0.2 0 0 0 0 0.3 0.2 0.3
Mytilus i‘Julis Bivalvia 0 1.3 0 3 8.8 1.3 6.2 2.2 2 2.1 0 0.6 5.7 1 5
Petricola pholadifiwnus Bivalvia 0 0 01 0 0 0 0 0 0 3.3 0.04 0.11 0.1
Scrobicularia plana Bivalvia 0 0.4 1.3 0 6 4.6 12 9.6 6.3 13.3 1i 6.7 2.6

Tellina tennis Bivalvia 4.5 7.5 2.6 6 0 0.2 0 0 0 0 4 0.11 2.9
Arenicola marina Polychaeta 1.5 22.7 19.5 5.3 20.7 18.9 14.1 21.6 9.5 10 20 17.6 19 3
Eteone longa Polychaeta 1.5 6.5 3.1 0 0.7 0.7 0.8 2 8 1.1 0 4 1.4 3.3
Harmothoe sp Polychaeta 0 2.7 2.3 3.5 2 1.2 1.1 2 0 3.3 2.3 1.5 2.1
Heteromastus filiformis Polychaeta 10.5 24.1 46.1 42.1 38.7 49 53.3 47.2 48.4 76.7 39.1 47.9 41.6
lanice conchilega Polychaeta 19.4 31.4 8.9 8.8 12 4.6 2.2 4 22.1 10 15.5 7.1 13.1
Marenzelleria viridis Polychaeta 0 1.2 11.2 0 2 0.7 1.1 1.2 1.1 3.3 81 1.11 6.1
Nepthys hombergii Polychaeta 41.8 26.2 25.5 24.6 24,7 24 6 17.4 268 39 30 26.1 25.4 25,9

Nereis dhrrsreohr Polychaeta 10,5 36.7 38.8 35,1 45.3 36.3 40.2 43.6 28,4 46.7 37.5 39 38
Nervis sirens Polychaeta 0 0 0 2 0 0 0.5 0 0 0 0 0.1 0.2 0.1
Phyllodoce lumulata Polychaeta 0 1.9 0 3 1.8 0.7 0.2 0 1.6 0 0 0.7 0.6 0.7
Pygospio eligans Polychaeta 0 0 1.7 0 3.3 7.1 5.4 2 6.3 13.3 1.2 5.11 2.3
Scoloplos armiger Polychaeta 52.2 64.9 46.2 10.5 38 24.6 25 22,8 38.8 26.7 51.6 26.4 44.4

SvuJatepisfiJiasa Polychaeta 0 0.1 0 2 0 0 0 0 0.4 0 0 0.1 0.2 0.2
Hydrobia uhae* Gastropoda 1.5 31 11.4 1.8 12.7 10.8 40.2 22.4 21 1 23.3 8.8 16.9 11.1
¡.litorina littorea Gastropoda 0 0 0.4 0 0 1.4 2.2 0 1.1 6.7 0.1 1 0.4

Retusa obtusa Gastropoda 0 0 0 6 0 0 1.1 0.4 1.1 0 0 03 0.1
( 'nmgon crangon Crustacea 1.5 0 7 0 2.7 0.2 1.1 0.4 2.1 0 6.6 0.8 5
Paloemtm sp Crustacea 0 0 0 0 0 0 0 0 0 0 0 0 0
i  'an intis mm-iun Decapoda 3 13.9 5.6 0 1.3 5.1 4.4 2.4 0 0 7.8 3.11 6.5
( 'oroplmrnt volutator Amphipoda 0 4.5 16.9 0 0 0.5 1.1 1.6 6.3 0 13 1.2 9.6
< iarimtarus ¡musta .Amphipoda 3 0 16 0 0 1.2 5.4 1.2 2.1 0 2.9 1.4 2.5
Urothoe sp Isopoda 14.9 40.9 15.9 1.8 10 11.5 13 9.6 7.4 10 22.9 10 19.3
Asterias rubens .Asteroidea 0 0 0 0 0 0 0 0 0 0 0 0 0
l.eptochitona cinereus Polyplacophora 0 0 0 0 0 0 0 0 1.1 0 0 0.11 0.63

Nemertine sp Nemertea 0 0.1 0.2 0 0 0 0 0 0 0 0.1 0 0.1

* Presence/absence is used, based on all sampling stations
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A p p e n d ix  3: D ensity (n /m ^) per t id a l-b a s in  in th e  w e s te rn  Dutch W adden  Sea.

Western Dutch Wadden Sea

Marsdiep________
2004 2006

Bivalvia
A. alba 0 0

A. tenuis 0 0

C. edule 0.9 2.6

C. gigas 0 0

E. directus 0.9 4.3

M. balthica 0 0.9

M. arenaria 0 0

M. bidentata 0 0

M. edulis 0 0

P. pholadiformis 0 0

S. plana 0 0

T. tenuis 0 2.6

Polychaeta
A. marina 1.7 0.9

E. longa 1.7 0.9

Harmothoe sp. 0 0

H. filiformis 12.1 9.5

L. conchilega 12.9 13.8

M. viridis 4.3 0

N. hombergii 29.3 29.3

N. virens 0 0

N. diversicolor 12.9 6.0

P. maculata 0.9 0

P. elegans 0 0

S. foliosa 0 0

S. armiger 66.4 66.4

Gastropoda
H. ulvae*
L. littorea 0 0

R. obtusa 0 0

Crustacea
C. crangon 0.9 0.9

Palaemon sp. 0 0

Decapoda
C. maenas 2.6 1.7

Amphipoda
C. volutator 0 0

G. locusta 4.3 1.7

Isopoda
Urothoe sp. 28.4 40.5

Asteroidea
A. rubens 0 0

Polyplacophora
L. cinereus 0 0

Nemertea
Nemertine sp. 0 0

* Densities are only based on points sam|

Eierlandse Gat Vlie
2004 2006 2004 2006

0 0 0 0.1

17.6 63.9 5.0 33.0

8.6 17.3 23.4 23.4

0 0 0.1 0.1

2.1 4.2 5.1 0.6

20.5 15.5 27.3 15.7

1.8 3.4 20.0 13.4

0.7 0.5 0.1 0.1

0 2.5 0.3 0.3

0 0 0.03 0.03

0.5 0.2 1.1 0.8

2.4 5.2 1.4 1.7

14.1 18.2 10.7 16.9

3.3 4.8 3.1 2.2

0.5 1.7 0.9 1.4

120.6 57.8 190.2 119.0

74.4 72.2 54.8 13.6

11.2 0.8 207.2 17.9

16.6 26.9 15.3 27.0

0.3 0 0.1 0.1

61.3 97.4 108.6 73.7

0.8 1.2 1.0 0.1

0.1 0 0.1 4.3

0 0.1 0 0.1

218.8 154.9 218.2 83.8

274.5 284.25 300.75 2507.<

0.1 0 0 0.1

0 0 0 0

5.2 4.9 5.2 6.1

0.1 0 0 0

12.8 10.2 4.5 4.4

5.3 4.4 230.1 432.1

8.4 6.7 4.6 1.5

301.4 267.2 127.0 130.3

0.1 o 0.1 0

0 o o 0

0.1 0.1 o 0.2

walking
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A p p e n d ix  4: D ensity pe r m ^, per tid a l-b a s in , in th e  eastern D utch W adden  Sea.

Eastern Dutch Wadden Sea

Bom-
diep

Pinke-
gat

Zoutkamper-
laag

Eilander-
balg Lauwers Schild

Eems-
Dollard

2004 2006 2004 2006 2004 2006 2004 2006 2004 2006 2004 2006 2004 2006

Bivalvia
A. alba 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A. tenuis 0 0 0 0 0 0.1 0 0 0.4 0 3.4 0 0 0

C. edule 79.3 420.4 77.9 247.8 60.4 114.4 75.3 527.2 86.2 307.3 61.1 122.6 43.8 579.4

C. gigas 0 0 0 0 0 1.3 0 0 0 0 0 1.2 0 0

E. directus 2.3 0 0 0 0.9 0 1.2 0 1.7 0 0 0 2.0 0

M. balthica 57.7 13.2 51.1 31.4 72.5 38.3 91.0 105.4 122.1 71.0 40.2 44.0 39.8 48.1

M. arenaria 6.8 3.0 5.0 1.2 4.2 0.8 4.2 7.5 5.8 0.7 2.3 1.2 4.0 0

M. bidentata 0 0 0 0.4 0 0.1 0 0 0 0 0 0 0 0

M. edulis 0 13.2 0 0.8 9.6 19.2 1.2 30.2 2.5 5.1 8.7 1.8 0 0

P. pholadiformis 0 0 0 0 0 0 0 0 0.2 0 0 0 0 1.9
S. plana 6.8 0 3.4 4.2 6.3 2.9 21.1 11.2 5.6 7.8 1.2 4.3 2.0 7.7

T. tenuis 0 0 0.4 0 0.8 0.1 0.6 0 1.7 0 0 0 2.0 0

Polychaeta
A. marina 4.5 3.0 14.2 14.2 14.1 14.0 19.5 13.6 16.2 15.1 13.2 6.6 4.0 7.7

E. longa 1.1 0 2.7 0.4 2.6 0.4 8.0 1.9 12.8 1.8 3.5 0.6 2.0 0

Harmathoe sp. 1.1 2.0 0.4 1.2 0.4 0.7 0.6 0.6 3.5 1.2 1.2 0 2.0 1.9

H. filiformis 75.9 108.4 141.9 110.1 122.2 151.0 138.1 223.2 165.2 272.5 84.7 142.7 242.9 421.5

L. conchilega 231.0 29.4 128.3 14.2 141.5 4.1 121.8 1.2 290.8 2.5 128.8 43.2 452.0 13.5

M. viridis 10.2 0 7.3 1.2 5.8 0.7 19.6 0.6 10.3 0.7 158.8 0.6 15.9 1.9

N. hombergii 10.2 17.2 20.5 16.9 17.8 19.6 8.5 13.1 25.2 22.6 13.3 26.1 25.9 17.3

N. virens 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0

N. diversicolor 100.8 67.9 138.1 132.1 99.5 64.6 82.6 57.4 62.2 118.4 33.3 40.5 99.6 63.5

P. maculata 0 1.0 1.1 0.4 0.8 0.1 0.6 0 4.6 0.9 2.3 0 0 0

P. elegans 0 0 0 3.8 0 9.7 0 9.4 0 4.9 0 30.4 0 19.2

S. foliosa 0 0 0 0 0 0 0 0.6 0 0.2 0 0 0 0

S. armiger 41.9 14.2 96.7 72.7 70.0 41.6 56.7 42.7 37.8 25.7 46.2 49.2 15.9 34.6

Gastropoda
H. ulvae* 89.1 6058.3 357.3 4044.9 615.9 8947.5 27.9 13333.4 148.6 25495.1

L. littorea 0 0 0 0 0.1 2.4 0 2.5 0 0 0.6 1.2 0 3.8

R. obtusa 0 0 0 0 0.5 0 0 0.6 0 0.2 0 1.2 0 0

Crustacea
C. crangon 6.8 0 4.6 1.5 5.6 0.1 1.8 0.6 9.3 0.2 0 1.2 0 0

Palaemon sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Decapoda
C. maenas

Amphipoda
C. volutator 
G. locusta

Isopoda
Urothoe sp.

Asteroidea
A. rubens

Polyplacophora
L. cinereus

0.4 0 3.5 0.3 21.7 0.6 5.7 1.1 1.7 4.2

1.5 0 1.1 1.2 34.3 11.1 3.1 1.1 5.2 1.2

118.6 70.3 54.5 39.7 42.3 35.3 80.4 27.7 65.2 35.8

o o o o o o o o o o

o o o o 0.6 o o o o 1.2

2.0

0

Nemertea
Nemertine sp. 0 0 0 0 0 0 0 0 0

* Densities are only based on points sampled walking
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A p p e n d ix  5: Species biomass (g r A F D M /m ^) p e rt id a l-b a s in

‘ Biomass only based on Hydrobia ulvea found in w alking samples
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A p p e n d ix  6: D is tr ib u tio n a l maps o f  C om m on and A b u n d a n t m a c ro zo o b en th ic  species.

-A b ra  tenu is  

2004

■d'

■a

2006

D e n s ity  ( n / m 2 )

*  • :*■ 0
• <100
• 100-250
• 250-500
• >500

-C erastoderm a edu le

2004 ¿ i

4,.. ti 1 - -  J .  n -V.

■ - _ y

W j ÆvT* Æ

< , váfl

2006

-7 ^  N<rs- ' V

_ !*“ O' - -«r. !* • . D e n s ity  ( n / m 2 )

0

< « . -  .• .. s • <100
• 100-250
• 250-500
• >500
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-Ensis d irec tus

2004

-M acom a ba lth ica  

2004

D e n s ity  ( n / m 2 )

O
•  <100
• 100-250
• 250-500
• >500

»
l í “

w

.“U

2006

«talL

D e n s ity  ( n / m 2 )

0
•  <100
• 100-250
• 250-500
• >500
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-M ya a renaria

2004

2006

D e n s ity  ( n / m 2 )
• s a r
4 * 0

• <100
V  # p i • 100-250

• 250-500
• >500

-M y tilu s  edu lis  

2004

2006

D e n s ity  ( n / m 2 )

0
•  <100
•  1 0 0 -2 5 0
•  2 5 0 -5 0 0
•  > 5 0 0
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-S crob icu la ria  p lana 

2004

2006

D e n s ity  ( n / m 2 )

0
•  <100
•  1 0 0 -2 5 0
•  2 5 0 -5 0 0
•  > 5 0 0

-Te llina  te n u is

2004

2006

D e n s ity  ( n / m 2 )

0
•  <100
•  1 0 0 -2 5 0
•  2 5 0 -5 0 0
•  > 5 0 0
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-A ren ico la  m arina

2004

f

2006

D e n s ity  ( n / m 2 )

0
•  <100
•  1 0 0 -2 5 0
•  2 5 0 -5 0 0
•  > 5 0 0

-E teone  longa 

2004

n.

2006

D e n s ity  ( n / m 2 )

0
•  <100
•  1 0 0 -2 5 0
•  2 5 0 -5 0 0
•  > 5 0 0
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-H a rm o th o e  sp. 

2004

2006

D e n s ity  ( n / m 2 )

0
•  < 1 0 0
•  1 0 0 -2 5 0
•  2 5 0 -5 0 0
•  > 5 0 0

-H e te rom astus f i l i fo rm is

2004

. ‘ 19
4 L  

%  ■

Í i
%

i

W
i.rt*  r ifr

' ( P

t í ?
3 «

D e n s ity  ( n / m 2 )

0
•  <100
•  1 0 0 -2 5 0
•  2 5 0 -5 0 0
•  > 5 0 0

34 Macrobenthic fauna on intertidal mudflats in the Dutch Wadden Sea



-Lanice conch ilega

2004

*•

S k - '

« I

aX

*7 * f i C.
• '

• Lv—V '

ft: ‘

D e n s ity  ( n / m 2 )

£ . *  - A  '
0

•  < 1 0 0

y  • - •  1 0 0 -2 5 0
«! •  2 5 0 -5 0 0

- • > 5 0 0
'  ■»

-M a re n ze lle r ia  v ir id is

2004

S
■ *

r *»
»i

- jr
•v  w

2006

> / /  r D e n s ity  ( n / m 2 )

0
•  < 1 0 0

*** •  1 0 0 -2 5 0
•  2 5 0 -5 0 0
•  > 5 0 0
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-N epthys h o m b e rg ii

2004 W A  m% ^

S.* J i r

i ^ * y

a a »  ^

. —̂

a  QrjS ‘ v ;
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