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MOnlhly sampling with a sledge type gear at 24 stations in the shallow coastaJ area 
in front of the DUlch Delta (southcrn bight of the North Sea) shows tha! high 
densities of a variety of animais are present in the lower 1 m of the watcr calumn: 
the hypcrbcnthos. Hypcrbcnthic community s tructure Is slrongly dominated by 
seasonal nuclualions due ta the sequentia l appearancc, high abundance and 
disappearance of the dirfercn! species of temporary hyperbenthos. In winter and 
early spring, when the community is dominated by il .. pcnnanent residents, spatial 
patterns ernerge. Averaged over the year, these spatial patterns are consistent with 
the hydrodynamic regimc in the system. Sedimentation of silt QCCurs in the same 
sheltered arcas where the highest biomass of hypert>enthic animais is encountercd. 
Low curren! velocities and protcction from wave action thus create an environ ment 
suitable for selli ement of macrobenthic larvae and for sedimentation of the 
phytoplankton bloom. This rich arca attracts mobile invertebrates and juvenile fi sh. 

Oceal1ologÎca Acta. 1991. Proceedings of the Internat ional Colloquium on the 
environ ment ofl:picontinemal seas, Lille. 20·22 March, 1990, vol. sp. nO 11 . 205· 21 2. 

S tructure tempore lle ct spatiale au sein d' une communauté 
hyperbenthique d'une zone côtière peu profonde. Relations avec les 
variables de l'environnement 

Un chalutage mensuel utilisant UII lraÎneau en 24 stations de la 7.One côtière peu 
profonde face au delta 7.éclandais (Mer du Nord) a montré qu'une faune diverse ct 
très abo ndante es t présent c da ns la cou che d 'eau avo is inant le fond : 
l'hyperbenthos. La structure de la communau té hyperbc nthique est fo rtement 
dominée par des nuctuations saisonnièrcs, qui sont dues à l'apparition, pu is à 
l'abondance. et linalement li la disparition de différentes espèces dc l'hypcrbcnthos 
temporaire. En hivcr ct au printemps, quand la communauté est dominée par ses 
résidents pcnnanents, une structure spatiale apparaît. En uti lisant la moyenne par 
station sur toute l'année. la structure spatiale renèle le régime hydrodynamique du 
système. Les éléments li ns se sédimentent aux mêmes endroits protégés où la 
biomasse des animaux hypcrbcnthiques es! maxi male. Des vitesses réduites du 
courant et la protection de l'action des vagues créent ainsi un environnement 
favo rabl e à l' in stall a tion de s larves d 'animau x mae robenthiqu es e t li la 
sédiment at ion du bloom phywplanctonique. Ce secteur riche attire ainsi des 
invenébrés ll1obil e.~ ct des poissons juvéniles. 

OcewwlogÎCC/ Acw . 1991. Actes du Colloque International sur l'environnement des 
mers épicontinentales. Ulk, 2()'22 mars 1990. vol. sp. nO Il .205-21 2. 
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INTRODUCTION 

The hyperbenlhos is the faunal eleme nt living in the lower 
part (If the water column and depcndent on the proximity 
of the bouom (Beyer, 1958). Because of the dillkul ty of 
quant itative sampling, the importance of hyperbenth ic 
animai s is usually undcresti maled . or not even considered, 
in mari ne sludie s ( I-I es lha gen. 1973) . Ne venheless. 
hypcrbcnlhic animai s can lo truclure zoop lankt on 
communities by predation (Dodson, 1974: Fulton. 1982) 
and are an important parI o f the di e! of demersa l fish 
(Mauchline. 1980: Sorbe. 1981: Hamerlynck ell/1.. 1990). 
Thus. the hyperbenthos is an important link in Ihe marine 
food web. The study of the hypcrbcnthic fauna is relativcly 
new in marine sl udi cs and Ihere is . a s ye t. no 
standardizati on of de fini tio ns o r sa1l1 pling gear. Th e 
hyperbenthos goes under a vari e ly of name s, e.}; . 
suprabcnthos (Brunei el (Il.. 1978) or nektobenthos (Sorbe, 
1972), and is caught with a plethora of sampling devices 
(rcview ;n Mauchline, 1980). In Ihi s study. Ihe working 
definili on used is that: the hyperbenthos is the fauna 
caught with the hyperbenlhic sledge wc deployed. 

This study fOnlls part I)f a major programme sponsored by 
Rijk swaterstaat (Dulc h Mini slry of Transport), Tidal 
Waters Divi sion. to evaluate Ihe clTecls on the biola of the 
e ngi neeri ng works in Ih e DulCh de lta . To predict the 
changes on the marine side of the Slonn surge bamer at the 
rnoulh of Ihe Qos terschelde (c ompleted in 1986). a 
com parati ve s tud y of ma c robe nlhos. meiobe nth os. 
hyperbentho s , epibenthos a nd fi s h was und e rtaken 
bctween the geomorphologically Slabilized ebb-tidal delta 
or the üre vclingen (c losed off in 197 1) and the more 
dynamic ebb-tidal della of Ihe OOl>le rschelde. If strong 
correlations exist bctween the abiotic environment and Ihe 
bi ol a we should be able tO predi ct future animal 
cOtnmunilies in Ihe ebb-lidal delta o f Ihe Oosterschelde on 
Ih e ba s is of hydrody nam ic and geo morphol ogic:1I 
forecasis. Thi s study report s on ly on the communil y 
SlruClure o f Ihe hyperbe nlho.,. Other aspec ts of the 
hyperbe ntho s and resu lt s o n th e ot her be nthi c 
cOll1panmenls invesligaled will bc published elsewherc. 

MATERIAL AND METHODS 

Study area and sampling design 

The Voordelta is the shallow coaSlal arca at Ihe mouth of 
Ihe de lla of the riveTS Rhine. Meuse and Sche ldt in the 
SOUlhern bight of the Nonh Sea (Fig. 1). Il slrclches fmm 
Ihe Belgian- Dutch border in the soulh 10 Ihe l-loek van 
I-Io ll and in the north . Ils marine boundary is arbilrari ly 
de fined by the 15 m deplh contour. Ri ver oUlnow. lidal 
currcnts and wave action have created a complex pattern 
of gullies and sandbanks. Duc tn major engineering works. 
hydrodynamil:s and bottOlll morphology are slill changing 
( Elge rshuizen. 1981: Be rgh. 1984). Th e mean tidal 
amplilude i ~ ca. 3 m. For a delailed descript ion of the area 
wc rcfer to Kohsiek and Mu lder ( 1988). 
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Monthly sampling was undenaken fmm JO August 198810 
27 June 1989 in 12 1tx:alities cm'ering the ebb-tidal deltas 
of Ihe Oosterscheldc and the Grevelingen, as weil as the 
more seaward Banjaard area in bclween (Fig. 1). At each 
local ity two Irawl s of approximately 1 km lenglh wc re 
donc, one at la m below mean sen level in the gu lli e.~ and 
one al 5 III below mean sea levcl nn Ihe sandbank slopc. In 
Se ptembcr {Jnl y the 10 III l> tratum cou Id be samplcd. 
Hecausc of bad weather no samples were taken in OclObcr 
1988. In January. March, April and late Junc 1989 only pan 
of Ihe arca could bc sampled for similar reasons. A total of 
2 10 trawls were taken (Tab. 1). In June 19891hc arca was 
sampled twicc. The samplc laken on 27 June is called the 
"July" sample. Trnwling WOlS always done with the tide. the 
average speed relative 10 Ihe bouom was 4.5 knOll>. 

Sampling gear 

Sampling was donc from the R.V. Luctor (34 m. 500 hp) 
using a hyperbenthic sledge (Fig. 2). The ,sledgc weighl> 
about 250 kg and ha, IWO nets rnounted one aoove Ihe 
olher. The lowcr net sarnples frorn 0 .2 10 0.5 m. the upper 
nel from 0.5 to 1.0 m aoove Ihe bmtorn. Each net is 4 m 
long wilh a 2. 2 mm lTlesh in the (i rst 3 melres and a 1_1 
mm mesh in the laSI 1 Ill . For Ihe dala rcportcd herc. Ihe 
animais in bOlh n c t ~ laken logcllier arc treated as one 
sample. No clos ing mec hanism is provided. a\ pelagie 
sampling is minimal al jo,hallow deplhs (Oug. 1977). 



Analysis 

Ail samplcs were immediately preserved in neutralized 
formaldehyde 7 % final concentration. In the laboratory all 
animaI s were identilïed, if possible to spedes level, and 
cOllnted. Accidcntally caught epibcnthic species. e.R. large 
fi sh or adult crabs, and cndobcnlhic species, e.g. scdcntary 
pol ychaete$ or bivalves, were e lîminated from th e 
analysis. A max imum of one hundred animaI s per spccies 
per sa m pI e werc measu red for biomass calc ul ation. 
Lcngth-ash free dry wcight rcgrcssions (2 hOUTS at 1 10 °C 
for dry wcight. 2 hours at 550 oC for ash weight) were 
determined for ail the eommon spccies with continuous 
growth. For specics with discrete stages, C.g. zoeae and 
megalopae of crabs, ash free dry weights of batches of 
animais were dctermincd per s pecies. Densitie s and 
biomasses were calculatcd us ing a hypothe ti cal net 
cfficiency of 20 % for ail animais. 

For the analysis "fu nclional specics" were used: lueac, 
megalopae and postlarvae of decapods and eggs and larvae 
of fi sh were considcred as separatc "species" as they have 
diffe rent nOaling and swimming characteristics. differcnt 
feeding modes, cie. 

Statistieal analysis was perfonned according to Field el al. 
(1982): fir st the bio ti c data wcre analy sed us ing 
classificalion techniques 10 yicld groups of biotically 
similar samples, then we tested the environmental variables 
associaled with these groups for stati stical differences, 

First, the density and biomass data per species of the 210 
se para te trawl s were used as input for a Two -Way 
Indicator Spec ies Analysi s-Tw inspan (il ill. 1979). Data 
were root-root tran sformed prior 10 Twinspan. Next, 
group-average soning with Bray-Curti s sim ilarit i c.~ (Bray 
and Cuni s. 1957), after logarithm ic tmnsfonnation of the 
data, was used on the annual mean density and biomass for 
each species per station to define communities spatially. 
Afterwards an additional Twinspan was performed on the 
same annual means, ufter root-root transformation, to yield 
indicator spccies. 

Kruskal-Wallis H test (Siegel. 1956) was perfonned on a 
number of variabl es. measu red at the stations of eac h 

Tahle 1 

S<mlflling tln/t',1 ... irll III" "l'mbuoflro ... ls /lm! /11<' IlIculi/in s/I"'l'lrd. 

Date # Irawls I.ocali lics 

'''"'''' 13 ail excepl 1 (tu m) 
20109/88 " ail 10 Ill, cxcepl6 
15/11 /88 24 aH 
01 112/88 24 .11 
16101/89 , 1,2,3(lIIm),4.12 
13102189 24 .11 
171031119 12 2.3.4.5.6,1 
1 J/()..IfflQ 17 1,2,3.4.7 (5 111 ), 

8, 9, 10, 11 
10105139 13 ail exccpl3 (10 m) 
08106189 " ail 

26106189 19 1. 2. 3, 4, 1 (5 ml. 
Il ,9.10.1 1.12 
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com munit y, to seek s ignifica nt differences be tween 
environmental cond itions in the diffeTent communities. 
The variables measured were of three differenl kinds 
(delails ;1I Dijke and Buijs, 1987): 

HydrodYliamic l'ariable!>' 

Depth ; significant wave hcighl (= the wave height Ihal is 
reached 1 % of the lime in one year): orbital vclocity al the 
bottom (= Ihe hori zonta l component of the o rbital 
movemem of the wave action): maximal CUITent velocity 
(vmax ) : minimal current veloci ty (Vmin) and maxImum 
velocity difference (vdif = vrnax - Vrnin): 

Sedimellf cJwmelerÎslics 

Percentage mud (fine clements < 60 )1): median grain size 
of the .~and frac tion: and sorting coefficient. 

Wmer qUll/ity 

Salinity ; chlorophyll a conlent; and seston. 

•• 

I-lgurc .2 

Sknch IIf lhl' hypt'/'bt'lll/tic sled8~ l'ud. 

RESULTS 

A total of 120 "func lional species" from 107 biological 
species were rccorded (Tab. 2), 

Temporal pattern 

Twinspan ana lys is of the 210 separate traw ls shows a 
strong dominance of temporal structure, i.e. most samplcs 
of a single month resemble one another more c1osc1y than 
samples from the same station in <l ny other monlh, except 
duri ng winter (Fig. 3). 

Oensity 

A fir st split di vides the year in a c lu ste r frolll April 
Ihrough Septembcr and a cluster [rom November through 
February (Fig. 3), Indi cator species for the spring and 
summer samples arc umice cOllchileg(/ aulophorus larvac, 
CrtllIgon erallROli zoeac, Liucarcilws ho/satu.I' zoeae and 
megalopae, Carcil1llS mael/os mcgalopae and Pagllrtls 

berl/han/liS zoeae. 
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Table 2 

Annc1ida. Polychaew lsupoda 
LuIlÙ"~ ("(),,("hi/l'ga aulophoru, 
Hu rmo/hOf 5po: ... i~s lana 
P('("/i llur;" korelli lan'a 

Chelic~tala. Pycnogonida 
Callipal/e,,.. bre"inmr;, 
PicnugUllum li/lUrult" 
A"'.Jf,lod,,("/)"lu.~ pygmllfus 
Phoxichifit/iumfl'mor,,/um 
Nympholl mbnml 

Crustacea 
De<:apoda 

CrO/lgo" am,s,,,, posllar\"a 
C"IIISu" ("rIIIIK(J1! zooca 
l'un/ophilus l' i$piIlO$IIS zoa~a 

Ifipp0l.w" spccj~s po,llar\"u 
HipJlu,,"ll' species 7.oaca 
PUlliel/1011 spccies poS1Jar~a 
Pa/Il" mo" spccies .(o~ca 
Pnx.·"s·,·u milliicu posl la",a 
Prous.w mm/ica 7.oaca 

Eurydice pufrhm 

fdol<'11 ""I<:"S"WI<I 
!dOll'lI tHII/iea 
!dmea lilll'uris 

Copcpoda 
Cl'II /rufm/{et l.I'pieuJ 
Cl'lIIro{XIllt".f /IIIIIIII/"S 
1emof{l IOllgicumis 
C .. lw,",· /,r/golimdiCIIs 
EMapillo unm[rm,s 

Caligidae ~pc ... ies 
Cumacea 

P!lem{oomw/mlgicomis 
Ltrmprops fasri(l/(1 
BodOlriu n:orpioitJes 
Dilmylis bClldyi 

Via.<fyli.' rl/gosa 
Viasf)'lis rlllhkei 
Dius/y/is· /ut"l"i.< 

Via.'f)#.f Ilicifl'm 
Pagums befllhunJ" s' m,-,!;aJop~ fplr ill ol' Irtlel/u 
p()gurl/s m-mh(}rd"s 7.oo('a Euphausi:Ke~ 

('orctllima /mlgicomis mcgalopa Nycriphmws rrmclli 
Poru:flww /ongi('omis zoaea Mysidacca 
MUCropvllill spo:<"Îes megalopa GUSlrof ll("Cf'S' )"fIiniler 
M"cropotJia spccics 7.Oaca Gus/msuccj,.' .((llleIU5 
/'or/llIllIl/.5 lali"..s megalopa Me.ropodopsis slabm-ri 
Currillus ""'l'fIlIS mel!:alopa SchislOlllysis l"fIir ims 
C'IrI:ill /ls II/ue/Ills ZJ/{/fil s..·him,,"y.#.< ken'iflt'i 
Liocarcill us ho/sa/us megalopa PrU/mu.fj1e:<uosu,~ 

ü (I("orr"JUs 'rulst1/115 zoao:~ Siriellll ("""IIa 
Liocllf(""H/s spo:cies zoaea Chaelognalha 
Corysl/'S el/S.<iwl(1IIlt/u megalopa SI/gifla elegalls 

Amphipoda Pi.<ccs 
PlIriambllS 1.l1!ims Fisll eggs 
PhlÎ5icu II/arilla IIlIgllillo ml8,lillll 
Cop""11 lilll'oris Clupcidac spccies 
Gammafl/s ..,illicom is Mrrli",Sù", mer!(mg".f 

Gmll"/(IfI/.r sali"u.f TrisUfJlerlU 111.1(11 ' 
Gammarus 10CIISI{l Ci/iuta "'USIl'/(' 

Ga"""(,,,,~ /)/'·~l",i("fIS 

GIIII/mampsi .. m'Iidu 
II/ylll.I .I"·("'"I1l'f1{omi 

A/ylusf"lrullts 
Aphl'fus'u o"ulifH!J 
Pl/flljllJSll pelagim 
Ja.ua pll$illll 
Jiluafalm/ll 
JlISslIlIUlrmllraw 

But/lYflO"ia e11'8"" s 
Ht1/hJ"f>oreill sarJ'i 

8"lft>"I'ofl'i" guil!iwIIsalliall" 
8ut/IYfIOreia Ir1luipu 

Hallswr!/IS ""'""rius 
OrcilOlllell1' IIl11U1 
Melila /llIlma 
Mdi", ob/I<sllw 
MrliwlragflJSis 

5I"/lo/llOl' !IIaril", 
Slnlm/IOt ,"Olit/II 

,\If/o{'" pl/Sil/II 
M t'Io/," IIMeri 
Mal'fII Rmssim()"a 

M"'/rH"ld(J(lrs cl"imuu ... 
POl/loc"lIIl's' (''l''lI/rill.r 
PUll//)/. ,.,1/1'$ alw",ari""s 
Amf/l'Ii .• ra hrl"'i("omÎs 

l>yofH'dos fl<Jrft·(·IItJ· 
Urvlltllr brel',cllnri, 

Uro//lOt po .• âdalli' 

AI/Il'filru {'fI'sb.'"/l'f 
Ga>1l'rosUUJ lIculeu"'! 
Syngnalhidac ~pccies 
'''''Jo).vct'l'lm/,u· ~cu,p;',.~ 
Agcmus cmOf//lraN"s 
Lif'(lris liparis 
Trac/11""s ",,('hurus 
T,.,,,,hinlts I"iputl 

l'holi.' 1I11111ll'IIIIS 
Amm()d)"lCS /obiOll/ts 

C"I/ùmymll)" Iym 
l'uIIW IOJchi.<llI.< mim'/Ils 
f' lImO/().v("hisrlls lo:.tlllui 
Aphi(, ",j,will 

S('op/ulla/mlls rhmnhllS 

l'le'tf'Jllt'N l'S plO/css" 
fjn"'ttda lim/JIU{II 
Suifa 5fJlea 
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f) l'Ildr08"'''' S'Ir"K"ing temporal cO""'lIlII i/)" t /ruc/lIre a",{ illdica/or 
sf1<'ôn fur Ihl' dm .!if)' "',,/ bio"'{lS$ dmll of/he .'eparO/t /mw/s. 

ln the nex.t divi sion, in the spring-summer cluSler June and 
Jul y are separaled from the reSI wi lh indicalor spec ies 
Callio l/J'mus Iyra. POl//a toschi.u us minl/lllS and Carci'III.~ 

mael/as megal opae. The nex t spl il wilhin Ihi s cl usler 
isolales Ihe June samples from the July samples. The June 
group also contains Ihe Jul y samples from the Grevclingen 
area. These separate in the subsequent di vision. From the 
rounh di vision onward. spatial palterns bcgin 10 emerge in 
Ihe Jul y sampI es. The June samples Sta y logelher as a 
group. 

The nexi spli t in Ihe olher main clu ster of Ihe spring
s urnm er grou p di vide s Ihe sa mples in an Augu s l
September group (indicator species S)"l1gl1mllllJ sp. and 
Careil/lis lIIu e llUS zoe ae ) and an April- May gro up 
(indicalOr spccies Clupeidae sp. and fi sh eggs). Next. both 
these cl usters Spli l into Ihe separate months. The April 
elu .~ t c r al so cont ain s Ihe Banjaard sam pi es of Marc h. 
Spat ia l pallc rns begin to emerge from the fiflh split 
onward and a rc muS I ob vio us in the Ap r il and Ma y 
sampi es. 

ln Ihe aUlumn -wimer c l li Sie r. Ihe s il ual ion is mo re 
(·omple x. A fi rsi splil sepa rate s ail remaining MaTt' h 
sa mpk:. and the main body of January an d February 
samples rrom Ihe re sl (i ndicalor species Nyeriplwlles 
couchi and Cal(tllllS helgu{(/l1diell.ç). Next. March (samplc:. 
from Ihe Grcvd ingen and Ooslersche ldc arca:.) splils orr. 
ln Ihe rcmaining cl llstt:r of Jan uary and February sample:. 
the spatial paltem emerges al the nexl division. 

Th e second main clU~lcr or Ihe fi rSI d iv is ion in Ihe 
autumn-wimer group is a rather hClerogeneous mixture of 



the Novembcr and December samples with the rcmaining 
January and Fe brua ry sam ples. The nex t spli t here 
scparates most of the November and Decembcr samples 
from those of the remaining two months. Subseq uen t 
divisions in these groups show spatial patterns rather than 
a temporal structure. 

Biomass 

The Twinspan analysis. using the biolllass data of the 210 
scparate tr.1wl s, largely shows the same structure (Fig. 3). 
A first split separates May through September (indicator 
spec ies Uocarcinus hO!slHilS zoeae and mega lopae, 
Carr:ill llS maendS zoeae and megalopae. Crangon crallgoll 
zoeae and Lallice cOllchi lega aulophorus larvae) from 
Novembcr through Apri l. 

In the spri ng-summcr dustcr. an August-Scptcmbcr group 
(including the July samples from the Grcvelingen area) is 
fi rst separated fro m the rest (indicator S}'1rgnathu~' sp.). 
The July samples split off in the next division (îndicalOr 
Pomalosc:hîslIIS minulII.f). Next. August and Septemhcr arc 
separated. showing a dear spatial patlcrn in subsequent 
divisions. 

The o ther main group of the spri ng-s ummer cluster 
(i ndicato r spec ies Pag unH bertil/ardus zoe ae and 
C/upeidae sp.) splits in to the separate months in the next 
two divisions. First, a June-Ju ly group (indicator species 
CClrÔIIUS maenas zocae and megalopae) is separated from 
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a group contaÎning ail May samples. the April samples 
from the Grevelingen area ami tlle Mareil sampJcs from 
the Banjaard arca. Following the next division ai l samples 
arc grouped per momh. A further spatial separation only 
appears in the May group. The June samples again stay 
together as one group. 

In the autumn-winter c1 uster. mos! Novembcr samples and 
the remai ning March and April samples are firs! separatcd 
from the res! (i ndicator species AfY/US .fwammerdumi, 
Clupeidae sp. and Crallg oll cra"goll posl larvae). In 
subsequent di visions, the Apri l sampIes split from the 
MaTCh samples from the Banjaard arca in one cl uster, and 
the November samples split fro m the March samples from 
the Greve lingen area in the other cl uster. In the next 
divisio n the spa tial pattern emerges cl early agai n in 
November. 

ln the other main group of the autumn-winter c1uster, the 
bulk of the Dccembcr samples and the Novembcr samples 
from the Oosterschelde area arc fi rst separated from the 
rest (indicator spccics !dolea lillearis. Crallgon <:ral/goll 
postlarvae. Caligîdae sp. and GaJ'frosaccus spillifer). The 
nex t spli t separates bath months. The h nuary. February 
and Dcccmbcr samples in the other c1uster are scpardted 
roughly but considcmble overlap rcmai ns. 

Spatial pattern 

Both classification techniques. group-average soning and 
Twi nspan. using the annual means for eaeh spccies per 
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station. splil up the samples Îl1IO three geographically 
ddïned cornm unilie s ( Fig. 4): cbb-tidal delta of the 
Grcve lingen (~tation s 1-4). Banja'lrd area (stations 5-8) 
and ebb-tidal delta of the Oo'\terschelde (stalions 9-12). 
T he boundaries of these cOllllllunity-defined aTeas are 
identical for the demity d'tla using both techniques, There 
is a !<I light difference belween the group-avemge soning 
and the Twin!<lpan using the biOlllass data: !<I1;t tion 5 is 
das!>ified within the Grcvclingen cluster instead of wilhin 
the l3anjaard cluster using the tirst te(:hnil/ue (Fig. 5). The 
stations in the cbb-tidal dclw of the Grevclingcn arc more 
~irni l ar 10 Ihose of the Banjaard area than 10 Ihe stalions of 
the cbb-tidal delta of the Ooslcrschelde. [n Ihe analysis on 
the basis of densilY. indieator specics for Ihe Grevelingcn
Banjaard stations arc Cl"allgo/l cmllROIl zoeae . Lill/am/a 
lill/wulll. Soletl soll'(I and OrdlOlllel!e /1(//10. Indicator 
species for the ebb-tidal Grevelingen is Gm:ÎmIJ lIlt/el/as 

I.oeae. Indica tor s pecics fur the Banjaard area arc 
Nyt"/Îp/wlle.\· coI/chi. Hippolyte species zocae and Diasrylis 
mrhkei, [n Ihe analysis based o n biomass. indicator spccies 
for the Grevelingen- Banjaard stations are agOlin Limlllldll 
limamla and Ihe my sids MeSUIWdu{J.\· i .f slah lJer; and 
Sr""~'rol/lysiJ spiritus. Indi(:ator species for Ihe cbb-lidal 
Grcvclingen is PselldoclIlI/(I IO/lg icomü. Indic<l\or spcc ies 
fo r the Banjltard arelt are Nyll1{J/wlI mbmll1. Tracllllrus 
Il"ac/lIIms. Pl/gurus bemhardus zoe;te and Uoc(/rà"I/.~ 

hul.WlIl/of zoeae. 

The composi tio n of Ihe biolog ical comm un ilies in the 
Ihree arcas di ffe rs substlllltiOilly. though the Inllin groups 
arc similar in ail lhree :lTeas: decapod larvae . mysids. 
macrobenthic larvae and lish cggs and fish larvae (Fig. 6). 
The ebO-lidal delta of the Grevclingcn has the highest total 
biomass. the highest dcnsi ty and biomass of macrobcnth ic 
larvae. rnysids and fi sh cggs and larvae. 

Thc Banjaard area has the highesl 10lal densities. mainl y 
duc to Ihe high densi lies of decapod larvae. The cbb-tidal 
delta of the Oosterscltclde is c1early the poorest area. with 
densitie!<l only hall' as high as in Ihe olher arcas. 

Relations wit h the l'm 'Îronment 

Thc Kruskal-Wall is H test. using the mcasured variables 
for Ihe separatc slations in the biolog ieally defined 
cotlltl1unities. show s sig nil"i cant diffcrences (p < 0.05) 
bctween these sets for vm•1x , "min. vùif :tnd 1 % wave. 
chlorophyll and seston (Tab. 3 and Fig. 7). The ebb-tidal 
del la of the Greve li ngen has the lowest vma.~. vmin and vùir. 
a low 1 % wave and the lo west seSWn. lt ;j lso has the 
highcst chlorophyll a content. The Banjaard area ha~ thc 
high cs t vmin. the highc s t 1 % wave and the lowes t 
chlorophyll (/. The ebb-tidal delta of the Omtcr~chc1dc has 
Ihe highest "max and "ùif. Ihe lowest 1 % wave and lite 
highcsl scslon. 

DISCUSS ION 

Wc can d i~linguish a IcmporOiry hyperbenthos 
(merohyperbelllho~) . i. c. animaIs thm spend only part of 
their lire "ycle in the hyp('fbenlho~. and a permanenl 
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hypcrbcnthos (holohypcrbcnthos). i. e. aninwl s thm spcnd 
mo sl of Iheir life in the hy perbenlhos. The main 
represematives of the Icm porary hyperbenthos arc larvOiI 
and post-Iarval decapods. larva l slages of m:tcrobenthic 
animaIs and eggs. larvae and carly post-Iarvae of several 
fi sh species. The main reprcsentHtives of the permanent 
hypcrbemhos are rny sids and amphipods, From March 
through S .... pwrnbcr Ihe sequential appcMancc. high 
abundance and d isappearancc of the d ifferent species of 
Ihe ternporary hype rbentho s sl rongly do minate Ih e 
comm unity structure. [n the rest of the year lcmporOiI 
paUe rn s remain importOint. but sp.ttial patterns begin to 
crnerge. S ti ll. there is little diagonal struUure in the 
Twinspan table. which l11eans spalial struClure is ralher 
weak. i. l'. Ihe common spccies arc corn mon e\'erywhere. 
Yet the saille spatial pattents arc c1early demonslralcd by 
the analysis of the annual fllcans per station. 

From sludics in Ihe Bri stol Channel and Sevcrn eSluary il 
is known th;u sali nity is li major factor determining the 
distribution of "planklOnil:" animais (Wi lliams. 1984). 
\Vith high river o utn ows in win ter and northwcslerly 
winds. Rhine water can .,ignificantly [ower the salinilY. 
espct'ially in the cbb-tidal delta of Ihe Grcvelingen (Dijke 
and Buijs. 1987). Sur.:h instances were IlOt recordcd during 
.,ampli ng. Salinities were al way s more o r le ss 
homogcneou~ over Ihe whole area studicd . 

The three differcnt arca~ c()rre~p()nding 10 the biologiea! 
cOrn ntun ilie~ diffcr in a nUlllber of r.: harac teri~lics. The 
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H)'drod)'nam~c "ariables 

I)cpth 
Significant wa\'c hcight 
Orbi tal \'clocity hoItom 
Ma.limal CUITent ,<docity 
Minimal ~ulTt:nt ve!ocity 
Maximum "elocity diff~r~n~e 

Sediment cha raCleristics 

Pcrccntagc mud 
Median grain Sil'" 
Soning cocfficicm 

WatH qua lit y 

Salinity 
Chlorophyll a content 
Seston 

NS 
p < .005 
NS 
r < .005 
P < .05 
P < .OOS 

NS 
NS 
NS 

NS 
P < .!XlI 
p < .OOl 
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THE HYPERBENTHOS OF A SHALLOW COASTAL AREA 

di stribution in the coastal water. Although mud content 
does not diffeT significamly bctwcen the three areas (yet ?), 
the ebb-tidal delta of the Grevel ingen has the highest mud 
percentages (Fi g. 7). In thi s arca the old tidal guU ies are 
sihing up rapidly (Kohsiek and Mulder. 1987). Thus the 
ebb-tidal delta of the GTevelî llgen may act as a sink for 
various sorts of pass ively transported material i. e. silt , 
deeaying phytoplanklOn. macTobemhic lar'iae and Iish eggs 
with ncar neutml buoyancy. This crcates a rich and varied 
bcmhic life that sustains the high densities of demersal fi sh. 
shrimp. cmbs and starfish found in the ebb-tidal delta of the 
Grevelingen (Hame rlynck and Craeymeersch. 1990). 
Although the Banjaard aTea has a rieh hypcrbcnlhie fau na. 
wave conditions there prevem sedimentation. as attested by 
the low mud coment of the bouom, and prcclude seulement 
of Tich macrobenthic communities. Despite being sheltered 
From the wave act io n the ebb-ti dal delta of the 
Oostersehcldc is poor. The ri cher water masses of the 
Banjaard (and offshore) do nOI reach the aTCa bccause they 
arc llushed oUlward al every 10w tide by Ihe re latively 
oligotrophic water from the Oosterschc1de. Moreover the 
high current 'iclocitics, atte sted by hi gh seston loads. 

SUI fr.ctlon r Madl.n gnln . Ize 

ebb-tidal delta of the Greveli ngen is the least 
dynamic area. Co-occurrence of a certain 
community and a set of. not s trictly 
independent, env iron mental variables is no 
proof of any causa l relation. However. the 
hydrodynamic characteristics of the ebb-tidal 
delta of the Gre'ielingen c1early suit a number 
of animais. 

: t 
• f-

n. 

n. 

+ 
- t t 

+ High densities of macrobenthic larvae may be 
associatcd with high local production by adult 
popu lations. The Grevelingen area. dominated 
by Spisil/a SlIbtrllllcara. has the highcst bcmhic 
biomass of Ihe emire Voordelta (Craeymeersch. 
pers. comm.). Macrobcnthic eommunitics with 
a high biomass, e. g. Venus commll niti es. 
preferably seule in areas with intenncdiate bcd 
stress (Warwick, 1984). The ebb-lidal delta of 
the Grevelingen is such an area. 

JlIdging from the chlorophyll a content. the 
ebb-tidal delta of the Grevelingen probably has 
the highest prirnary production. The sediment 
in the area also has the highest concentrations 
of phaeopigmenl. ind icating sedimentation of 
dead phytal material (Craeymecrsch. pers. 
comm. ). Mysids are known 10 migrate actively 
to area s of high primary produclivity 
(Wooldridge. 1989). My sids also fccd on 
concenlrated detrilus (Mauchlinc. 1980). Fish 
larvac and postlarvae may al so aClively migrate 
to the area to profit from the high abundance of 
invel1ebralC food (Creutzberg el al.. 1978). 

Must fi sh eggs c:tught are Solea svletl eggs. As 
Solea solea is nol a spawner in the area. we 
must conc1ude th at the cggs ei lher undergo 
selective passive transpon frorn the spawn ing 
grou ml to thc area or ctse thcy are selectively 
trapped fro m a more or less homogeneous 
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prcvelll sedimentation and seulement in the ebb-tidal delta 
of the Oosterschclde. 

CONCLUSION 

The clo.~ure of the Greveli nge n estuary in 1971 and the 
subsequem geomorphological chanBcs in its ebb-tidal della 
havc t remed a shellered area wilh low current vclocities. The 
hydrodynamÎC propcnies of the area are favourable to Ihe 
sedimentation of si l! and detritus and possibly concentrale 
lish cggs. Dccapod larvae, probably of offshore origin. occur 
in high densitics in the area and macrobenlhic larvae find 
fa vourable conditions for seulement. This richness and a 
high pri mary produclivilY amaet mobile animais. 
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ln comparison. the eq ually sheltered ebb-tidal delta of Ihe 
Ooslerschclde is much poorcr. Most probably. high CUfTent 
veloc ifies there do nOI allow sedi mentation of silt and 
delritu s and arc nol tonducive 10 the entraprnent of 
neutrally buoyant animais. 
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