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STELLINGEN

I

B i j  het toekennen van p r i o r i t e i t e n  binnen oecosysteem-onderzoek moet, 

behalve op basis van de door de versch il lende p la n t -  en diergroepen gepro­

duceerde en/o f afgebroken hoeveelheid organische s to f ,  rekening worden 

gehouden met het spec if ieke  belang van de dieren u i t  de hogere trophische 

niveaux.

I I

Het onderzoek in het Deltagebied zoals dat sinds 1986 wordt uitgevoerd is 

ontoereikend, noch om de nog steeds optredende veranderingen in de visstand 

a is  gevolg van de waterbouwkundige werken te beschri jven , noch om op basis 
daarvan een adequaat beheer te  baseren.

I I I

In t rod uk t ie  van de zalm in het Greveiingenmeer verhoogt de kans dat deze 

v issoo r t  weer een regelmatige gast wordt van de Nederlandse r iv ie re n  aan­

z i e n l i j k .

IV

Bepalingen van d ive rs i te i ts ind exe n  kunnen alleen het gebrek aan in z ic h t  in 

oecosystemen b i j  de betrokken onderzoekers verbloemen.

V

In de landen van de EG d ien t de jachtwetgeving met betrekking t o t  het 

beheer van " t re k w i ld “ beter in te rna tionaa l te  worden geregeld. Het verd ient 

aanbeveling t o t  een in te rna t ion a le  quoteringsregeling te komen op basis van 

het broedsucces van de diverse bejaagbare soorten.

VI

Het n u t t ig  e f fe k t  van het gebruik van het jachtgeweer te r  b e s t r i jd in g  van 

wildschade wordt over het algemeen schromelijk onderschat.



V.

V II

De gewoonte om in Zeeland s laperd ijken  te  beheren a is  boom- en/o f bloemdijk 
is in s t r i j d  met hun fu n k t ie  van sekundaire waterkering.

V I I I

Dat de Oosterschelde n ie t  vo l le d ig  van de Noordzee is a fges loten, maar 

sinds 1986 is  voorzien van een stormvloedkering, is  nog n ie t  t o t  het 
Nederlands In s t i t u u t  voor Onderzoek der Zee doorgedrongen.

IX

De onevenredige ve rsch i l le n  tussen de rechten en p l ic h te n  van wetenschap­
p e l i jk e  onderzoekers in vaste en die in t i j d e l i j k e  d ienst komen ondermeer 
t o t  u itd rukk ing  in de observatie  dat onderzoekers in vaste d ienst mogen 

pub liceren, t e r w i j l  t i j d e l i j k e  medewerkers moeten pub liceren.

X

Het in c i r k u la t ie  brengen van interne onderzoeksrapporten met indruk­

wekkende koderingen op de omslagen a is  waren het wetenschappelijk verant­

woorde p u b l ik a t ie s  gaat vo o rb i j  aan de noodzakelijke k w a l i te i t s k o n t ro le  
waaraan de laatsten moeten voldoen voordat z i j  a is basis voor be le ids­

besliss ingen van de Nederlandse overheid mogen dienen.
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VOORWOORD EN DANKBETUIGING

Vier jaar in ten s ie f  visonderzoek, zoals in het Grevei i ngenmeer is 

v e r r ic h t  in het kader van het ZOWEC-projekt en dat tevens de basis vormt 
van d i t  p ro e fs c h r i f t ,  betekent de samenwerking van een groot aantal 
personen en in s ta n t ie s .  Zonder deze gezamenlijke krachtsinspanning was d i t  
onderzoek minder breed en diepgaand van opzet geweest en had d i t  p roef­

s c h r i f t  n ie t  gerealiseerd kunnen worden.

Mijn dank voor bet bere ik te  e indresu ltaa t gaat echter in de eerste 
p laa ts  u i t  naar Fred Twisk, Roelof Bogaards en P ie t de Koe ije r,  d ie  zowel 

in het veld a is  op het laboratorium een onvoorstelbare hoeveelheid werk 
hebben verzet. Hun vakbekwaamheid, enthousiasme en uithoudingsvermogen 

hebben er in be langr i jke  mate toe bijgedragen dat de aan het begin van het 

onderzoek gestelde doe ls te l l ingen  ook v r i jw e l  zonder u itzondering  z i jn  

gehaald. Mede door hun hulp konden vele technische problemen, d ie  nu een­

maal eigen z i jn  aan k w a n t i ta t ie f  visonderzoek, op een adequate w ijze  worden 

opgelost. Voor hun k o l le g ia le  inze t ben ik hen zeer e r k e n te l i jk .
In de tweede p laats zou ik de bootbemanningen w i l le n  noemen: Win Robër 

en P ie t  de Koe ije r  van de "Maris S te l la "  en Cees de Rooy en Co van Sprundel 
van de "Jan Verwey". Met veel genoegen denk ik nog vaak terug aan de vele 

v is tochten die ik aan boord van de "Maris S te l la "  mocht meemaken. Elke 
toch t was weer een avontuur op z ich , zowel met mooi a is met s lech t weer. Er 

werden lange dagen gemaakt. Door de korte  trekduur volgden de trekken 

e lkaar snel op en was het a l t i j d  druk aan boord. Het net moest worden 

geleegd en weer gereed gemaakt voor de volgende t re k ,  de vangst moest 
worden gesorteerd, de grote vissen moesten worden gemeten en gewogen, 

t e r w i j l  de vele k le in t je s  (o f een deel ervan) tussen de b ijvangst moesten 
worden u itgezocht en in p la s t ic  zakken worden gedaan om op het laboratorium 

te  worden verwerkt. Van de grote vissen moesten tevens de o to l ie te n  
(gehoorsteentjes) en de magen worden uitgeprepareerd ten behoeve van de 
le e f t i jd s b e p a l in g  en het voedselonderzoek. En n a tu u r l i jk  moest er een goede 

a dm in is t ra t ie  worden bijgehouden. Het kon gebeuren dat binnen enkele uren 
het anders zo schone schip onder de modder, s l ie r te n  zeewier, v is s l i jm  en 

bloedspatten zat. Ze lf  zat je  trouwens ook al spoedig onder de smurrie en 
stonden je  kleren en haren s t i j f  van het zout en het v is s l i jm .  Vooral op 
warme dagen vermengden de geuren van d ie s e lo l ie ,  zweet, orgaanresten, verse 

en minder verse vis zich met elkaar in de k le ine  ruimte van het labora­
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to rium midscheeps. De geur van vers gezette k o f f ie  vanuit de s tuurhu t, of 
de aanblik van een koel f le s je  b ie r  op het achterdek, vormden daarop een 
welkome a fw isse l ing .

Aan Ors. Rob Lambeck, de in i t ia t ie fn e m e r  en d e e lp ro jek t le ide r  van het 

ZOWEC-vissenprojekt, ben ik veel dank verschuldigd. Vanaf het begin heeft
h i j  het onderzoek inhoude li jk  van kommentaar voorzien. Daar waar a r t ik e le n  
(c .q .  hoofdstukken) gua teks t te lang dreigden te  worden heeft h i j  een 

redigerende b ijd rage geleverd. Dr. P ie t Nienhuis en Dr. Egbert Duursma 

hebben het visonderzoek steeds k r i t i s c h  gevolgd en waar nodig gestimuleerd.
De voormalige Delta Dienst, Hoofdafdeling M il ieu  en In r ic h t in g ,  van de 

R ijksw aters taa t (M in is te r ie  van Verkeer en Waterstaat) heeft het grootste 
deel van het onderzoek gefinanc ie rd , t e r w i j l  het Delta I n s t i t u u t  voor

Hydrobiologisch Onderzoek voor de o nde rzoeks fac i l i te i ten  (werkruimte, 
lab o ra to r ia ,  onderzoeksvaartuigen, t ran spo r t ,  computer-gebruik, enz.) en 

een deel van de ass is ten t ie  (Roelof Bogaards) heeft gezorgd.

Chris Almekinders en Co Hoekman hebben apparatuur voor het onderzoek 
gebouwd. Hulp b i j  het verwerken van de vele data is verkregen van Dr. Adri 
Vlasblom en Jan Guerand van de biomathematische a fde l ing  van het Delta 
I n s t i t u u t .  Alfons Bolsius en Marjan van Leerdam -  de Dreu hebben respek- 

t i e v e l i j k  gezorgd voor de d u id e l i jk e  f iguren  en het gave typewerk. De 

v e rsch i l  lende onderdelen van d i t  p ro e fs c h r i f t  z i jn  u i t e in d e l i j k  t o t  één
geheel samengevoegd door Jan van den Ende en Henk Kolenbrander, t e r w i j l
Peter Twisk op f ra a ie  w ijze  het omslag-ontwerp ges ta l te  heeft gegeven.

Ais onderdeel van hun dokto raa l-s tud ie  b io log ie  hebben Henk V e rn i j ,  

Bert Glazenburg, Vincent Erenst, Paul de Graaf en Wil Lucassen in meer of 

mindere mate ze lfs tand ig  meegedraaid in het visprogramma. Hun onderzoeks­

resu lta ten  vormden een goede aanvull ing  op het e ig e n l i jk e  onderzoek en z i jn  
v r i jw e l  zonder u itzondering terug te vinden in d i t  p ro e fs c h r i f t .  Daarnaast 
hee ft  Annet Kroon ais onderdeel van ha.ar stage meegeholpen b i j  het u i t ­
werken van de visgegevens.

B i j  deze w i l  ik  ook graag een woord van dank en waardering r ich ten  aan 

de leden van de voormalige begeleidingsgroep van het ZOWEC-vissenprojekt, 
z i jnde  Drs. Rob Lambeck (DIHO), Prof. Dr. N iels Daan (RIVO), Or. Bouwe 
Kuipers (NIOZ), I r .  Bert Steinmetz (D ire c t ie  van de V is s e r i je n ) ,  Drs. Wim 

van Densen (Landbouwuniversiteit Wageningen) en Drs. Cees Peeters (DGW, 
R i jksw a te rs taa t) .  Elke keer weer bleken z i j  bereid om onderzoeksvoor­

s te l le n ,  voorlopige resu lta ten , koncept-a rt ike len  en wat dies meer z i j  te
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w i l le n  bestuderen en van z inn ig  kommentaar te  w i l le n  voorzien. Met een 

d e rg e l i jk e  groep spec ia l is ten  achter de hand was het voor m ij  b ijzonder 

p re t t ig  en gerus ts te l lend  werken.

Tenslotte  w i l  ik nog graag Prof. Dr. Niels Daan bedanken voor de w ijze 

waarop h i j  deze academische promotie voor m ij  heeft mogelijk gemaakt en 
bovenal voor het vertrouwen dat h i j  in m i j ,  a is z i j n  eerste promovendus, 
heeft  gesteld.

En verder dank aan iedereen die wel eens heeft meegeholpen t i jd e n s  een 

v is to ch t  en aan a l le  ko l lega 's  die op e n ige r le i  w ijze  hebben bijgedragen 
aan het welslagen van d i t  p ro e fs c h r i f t .
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SYNOPSIS

In troduction

The south-western part of The Netherlands was swept by an extreme 
stormflood in the n ight of 31 January on 1 February 1953. Approximately 
1800 people drowned and tens of thousands o f hectares of a g r ic u l tu ra l  land 
were flooded. To avoid re p e t i t io n  of such a f lood ing  d isas te r,  the Dutch 

government decided to  dam up a l l  the estuaries in the SW Netherlands by 

large sea walls ,  with the exception o f the Westerschelde, being the main 
sea-route to  the harbour of Antwerp. In 1957 th is  so-ca lled Delta Plan 

passed the Dutch parliament (Duursma e t  a l . ,  1982; 8annink e t  a l . ,  1984).

For hydrotechnical reasons the Grevelingen estuary was f i r s t  cu t o f f  

from the r ive rs  Rhine and Meuse by bu i ld ing  a secondary dam in the east 
(Greveiingendam) in 1964. In 1971 the mouth of the estuary was closed by a 

massive wall (Brouwersdam), precluding the inf luence of the North Sea in 
the ju s t  now created Lake Grevelingen (Bannink e t  a l . ,  1984).

In 1978 the connection w ith  the North Sea was p a r t i a l l y  restored by 
b u i ld ing  an under-water s lu ice  (capacity 100 to  140 m3 . s _1) in the western 
Brouwersdam, while in 1983 a siphon w ith  a capacity of approximately 100 
m3 . s_1 (Flakkeese sp u is lu is )  became operative in the eastern Grevelingen- 

dam. By manipulating the two slu ices an a r t i f i c i a l  f low  regime fo r  the 
e n t i re  Lake Grevelingen can be aroused.

In the lake the ch lo r ide  concentration decreased gradually  from 
17 °/oo C l" in  1971 to less than 13 °/oo Cl" in 1978, Since 1979 the 

c h lo r in i t y  is s ta b i l iz e d  at approximately 16 °/oo Cl" by exchanging lake- 
water against North Sea water during w inter (mainly from mid October 

through February). Only in 1979 the Brouwerssluice was operated the whole 
year round (Bannink e t  a l . ,  1984).

In 1957 the Delta I n s t i t u te  fo r  Hydrobiologica l Research was founded 
as pa r t  of the Royal Netherlands Academy of Arts and Sciences. The Delta 
In s t i t u te  was established in the delta  area o f the SW Netherlands w ith  the 
aim of studying possible environmental changes re s u lt in g  from the closure 

o f the various r iv e r  mouths and sea arms in th is  area. Since 1970 the major 

ob ject ives o f the in s t i t u te  concern studies on ecosystem func t ion ing  in 

re la t io n  to  large environmental changes (Duursma Ä Nieuwenhuize, 1985).

In 1972 the research group "Carbon cycle in the Grevelingen" of the
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Delta I n s t i t u te  s ta rted  an ecosystem study aimed at the q u a n t i f ic a t io n  of 

the cyc l ing  of organic matter through the food web in the newly evolving 
sa line  lake (Nienhuis, 1978a, 1978b). However, not a l l  aspects of the 
required inves t iga t ions  could be covered by the permanent s t a f f  o f the 
research group (Bannink e t  a l . ,  1984).

In March 1979 the Director-General of R i jkswaters taat (M in is t ry  of 
Transport and Public Works) authorized a complementary study of the sa line  
water ecology of Lake Grevelingen. Financed by the former, the actual 

re a l iz a t io n  of the research programme as well  as the u lt im ate  s c ie n t i f i c  

re s p o n s ib i l i t y  of the ZOWEC (ZOut Water ECologie) p ro jec t  was boarded out 
to  the Delta I n s t i t u te  fo r  Hydrobiological Research, which had also been 
the p r in c ip a l  o r ig in a to r .  The ZOWEC p ro jec t comprised f i v e  to p ics ,  which 

f i t t e d  e n t i r e ly  in the research programme of the working group "Carbon 

cycle in the Grevelingen" of the Delta In s t i t u te :

1. M ine ra l iza t ion  of organic matter in the water column (Goossens e t  a l . ,  

1983).
2. M ine ra l iza t ion  of organic matter in the sediment (Lindeboom & de Klerk - 

van der Driessche, 1983).
3. Q u an t i f ica t io n  of the ro le  of f is h  in the carbon cycle (Doornbos e t  a l , ,  

1986).

4. Aspects of sediment-water exchange (Kelderman, 1983).
5. Separation and q u a n t i f ic a t io n  of seston (van Ie rland S Peperzak, 1982).

The aim o f section 3 of the p ro jec t was to  q ua n t i fy  the ro le  of the
f i s h  in the food chain of the lake on the basis o f dens ity , growth
(p roduct ion), prey se lection  and annual food consumption, as well as th e i r  

ro le  in converting energy from the lower t rop h ic  levels [e .g .  stored in
Zooplankton and zoobenthos) to  the higher ones {e .g .  a va i lab le  to  

p isc ivorous b ird s ) .  The actual inves t iga t ions  have been concentrated on: 1) 
the food composition and food uptake o f the most important f is h  species in 
the lake, and 2 ) the predation of the f is h  by t h e i r  main predators.

Already since 1960 the estuaries in the SW Netherlands have been 

monitored reg u la r ly  with a 3 m beam traw l by the Delta In s t i t u te  to  

determine possible changes in the f is h  fauna with respect to  the ongoing 

Delta Plan { a f .  Vaas, 1970, 1979). Therefore, the most conspicuous impacts 
o f the hydrau l ic  engineering works on the o r ig in a l  f is h  fauna of the Greve-
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lingen could be studied as w e l l .

In th is  thes is  the main resu lts  of the inves t iga t ions , most of which 

have been published e a r l ie r ,  have been united as separate chapters.

Results, supplemented by recent developments

In Chapter 2 a review is given concerning the changes in the f is h  

fauna of the Grevelingen from 1960 to  1980 in re la t io n  to  the hydrau lic  
engineering works rea lized  over the same period. The number of f is h  species 

caught by a small beam traw l decreased sharply as a consequence o f the 
embankment in 1971. E ithe r  some species had disappeared completely from the 

lake or the abundance had become too low to  be detected in the surveys. The 

number of f is h  species increased again a f te r  opening of the Brouwerssluice 

to  the North Sea in 1979.
When more recent information is  included, a t o ta l  of 59 species 

belonging to  31 fa m il ie s  have been observed in Lake Grevelingen during 

1979 to  1982 (Appendix 1). This is s t i l l  a ra ther small number compared 
to  the approximately 100 f i s h  species recorded in the Wadden Sea (Witte  4 
Z i j l s t r a ,  1978) and in the Oosterschelde estuary (Doornbos e t  a l . ,  1981), 
or to  the 134 species known from the Dutch coastal area (Nijssen 4 de 

Groot, 1980). The cumulative number of f is h  species recorded in the Dutch 
estuaries is very s im i la r  to  the number found in s im i la r  areas in Great 
B r i ta in ,  e .g .  97 species fo r  the Severn estuary (Claridge e t  a l . ,  1986) and 

98 species fo r  the Thames estuary (Andrews, 1984). The comparatively small 
number of f is h  species in Lake Grevelingen appears to  be a d i re c t  con­

sequence of the enclosure from the surrounding sea areas, by which many of
the e rran t species w i l l  not be found.

The number and biomass f igu res  of Pomatoeehietue mienope fo r  the

e n t i re  lake, as given in  Chapter 2 (Table I I ) ,  w i l l  have been underest i­

mated, since th is  species appeared to  be predominant in the l i t t o r a l  zone 
which was not surveyed in 1980 [ o f .  Chapter 5).

The commercial year ly  landings of the eel A n g u il la  a n g u il la  are s t i l l  

increasing, from an average of 69 tons over 1972 to  1977 to  approximately 
85 tons [ i . e .  0.8 g FW.nr^) during 1979 to  1982. These f igu res  must be

regarded as minimum estimates of the annual eel production, because since 

1979 pa r t  of the population can escape through the Brouwerssluice to  the
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North Sea in autumn, while the increasing number of cormorants Phala­

c roco rax  carbo  w i l l  also take th e i r  share.

According to  H.W. de Nie (1987, personal communication) eels have 
a mean d a i ly  food intake during the growing season corresponding to  about 

2% (range 0.8 to  3%) o f t h e i r  body weight. Using a minimum annual produc­

t io n  of 85 tons FW, a P/B r a t io  o f 0.5 (Doornbos, 1982, 1985) and a growing 
season of 183 days (roughly from mid A p r i l  to  mid October), an annual con­

sumption by the eel population in Lake Grevelingen would be implied of at 
leas t 622 tons FW ( ^  1.0 g A D W . n r ^ ) .  This f ig u re  is o f the same order of 

magnitude as was assessed fo r  the flounder population in 1980 ( c f .  Doornbos 
i  Twisk, 1984).

I f  the increased y ie ld  is  an ind ica t io n  of an increase in eel 
biomass, the decline of the p la ice  and f lounder stocks ( c f .  Chapter 3) 

should have favoured the feeding cond it ions fo r  the eels, since the supply 

o f macrozoobenthic prey has been high ( n, 30 g AOW.m'?) and f a i r l y  stable 
over th a t  period (Lambeck, 1985). Possible changes in f is h in g  e f f o r t  of the 
p ro fessiona l eel f is h e ry  are unknown, but w i l l  probably not be very large. 

In eel stomachs remains of worms, crustaceans (espec ia l ly  brown shrimps 
Crangon crangon  and shore crabs C arcinus maenae), molluscs (predominantly 
b iva lve spat), gob iid  f is h  and sprats S p ra ttu s  s p ra ttu s  (on ly eaten by the 

la rger eels) have been found. Unfortunate ly , time did not permit to  study 

prey se lec t ion , growth and food consumption of the eels in greater d e ta i l .
In general, eels caught w ith  the standard beam traw l (6 x 6 mm mesh 

s i 2e) were s ig n i f i c a n t l y  smaller (Fig. 1) than those caught w ith  a 50 m 
long pelagic traw l (having an average mouth opening of 35 m̂  in operation 

and 8.5 x 8.5 mm meshes in the cod-end). Moreover, i t  is remarkable th a t  in 

1981 and 1982 eels smaller than approximately 40 cm and 30 cm, respec­
t i v e l y ,  were mainly caught with the beam t ra w l ,  while  the larger specimens 
were caught by the pelagic t ra w l.  This could ind ica te  th a t ,  in add it ion  to 
s ize  d if fe rences due to  mesh se lec t ion  in both gears, during summer at 

leas t pa r t  of the la rger eels l ived  predominantly p e la g ic a l ly .
A th e rin a  b o y e ri was not observed any longer since 1979. Probably the 

b ig -sca le  sand-smelt prefers low s a l in i t ie s  ( o f .  Wheeler, 1978), since the 

species was s t i l l  present in the nearby brackish Lake Veere (P. de K oe i je r ,  

personal communication). However, on the basis of m u l t iv a r ia te  analyses 
conducted on a series of morphometric and m er is t ic  c h a ra c te r is t ic s  o f sand- 
smelts from populations around the B r i t i s h  Is les  Bamber & Henderson (1985)
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Fig. 1. Size~frequency d is t r ib u t io n  of eel in Lake Grevelingen during 1980 

to  1982, caught w ith  a beam traw l (hatched) and w ith  a pelagic 

traw l (w h ite ) .  The average length o f each group is indicated by an 
arrow.
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showed recently  th a t the two species A th e r i* ta p re s b y te r  and A . b o y e ri do 

a c tu a l ly  r e f le c t  the t a i l s  of a continuum of form, and there fo re  conclude 
th a t  i t  is more appropriate to  consider them as the s ing le  species A th e rin a  

b o y e r i.  They also conclude tha t the A . b o ye ri morphology varies widely 

under the influence o f temperature and s a l i n i t y  cond it ions during embryonic 

development. In p a r t ic u la r  by is o la t io n ,  e .g .  in enclosed bodies of water, 

populations can maintain comparative morphologica 1 d is t in c t io n s  re s u lt in g  
from local se lect ion  and random genetic d r i f t .  This probably applies to  the 
Lake Grevelingen population of sand-smelts.

In Chapter 3 the status of the dominant f l a t f i s h  species in the lake, 
p la ice  and f lounder, is assessed on the basis of dens ity , population 
s t ru c tu re ,  growth, d ie t  and annual food consumption.

A f te r  the embankment in 1971 the landlocked f is h  did not propagate 

successfu l ly  leading to  ageing populations. Based on the constant decline 
in the number of p la ice  caught per u n i t  of e f f o r t ,  a year ly  m o r ta l i ty  of 
33$ was estimated. In sp ite  of the decreasing numbers the biomass i n i t i a l l y  

increased, due to a fa s t  growth, to  a maximum of approximately 1100 tons 
(10.2 g FW.rn'2) in 1974 (Doornbos, 1985).

From 1979 through 1981 both f l a t f i s h  populations were dominated by 

the 1979 year c lass. Presumably these f is h  entered as larvae through the 

Brouwerssluice, which stood open to  the North Sea a l l  over 1979. However, 
the pronounced pos it ion  of the 1979 year class s ta rted  to  diminish in 1982 

(see also Figs 2 and 3). Even a f te r  the improved recruitment of 1979, the 

number of p la ice  present during the study was only a f ra c t io n  of the 

reconstructed population size in the year of c losure, which may be 

considered representative fo r  the former estuary.
Since the re la t iv e  large f is h  (compared with estuarina populations) 

grew exce l len t the combined p la ice  and flounder consumption per year was 

s t i l l  su bs ta n t ia l ,  i . e .  2.8 g ADW.m'2 in  1980 and 1.9 g.m'2 in  1981, 
resp ec t ive ly .  During the two years the consumption by p la ice  was almost 1.6 
g ADW.m'2. In 1971 the reconstructed biomass f ig u re  fo r  p la ice  amounted to 

approximately 8.3 g FW.nT2 (Doornbos, 1985), being 5.5 times higher than 

the average biomass value over 1980 to  1981 ( i . e .  1.5 g FW.m"2). Using th is  
r a t io  and assuming a s im i la r  food conversion during the two periods, an 

annual food consumption by the p la ice  population would be implied of 
roughly 9 g ADW.m-2 fo r  1971. This f ig u re  should represent the estuarine
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S itua t ion , since the Grevelingen was enclosed in May 1971. On the in te r ­

t i d a l  f l a t s  of the Balgzand area (western Wadden Sea) Kuipers (1977) and de 
Vlas (1979) found an annual food intake fo r  juven i le  p la ice  of approxima­
te l y  5 to  6 g ADW.irr2. For the in t e r t id a l  area o f the former Grevelingen 
estuary Wolff e t  a l .  (1981) have estimated a food intake by I I-g roup p la ice  

only of 1.5 g ADW.m-2 over the period March to  May 1971, of which a to ta l  

annual consumption of roughly 4 g AOW.m"2 can be deduced. Thus, an annual 

consumption of 9 g ADW.m'2 as estimated fo r  the "estuarine s i tu a t io n "  of 

1971 does not seem u n r e a l is t ic a l ly  high.

Polychaete worms proved to  be eaten most, i . e .  on average 56% by 
weight in p la ice  and 45% in f lounder, although some d if ferences were 

noticed between the 1980 and 1981 d ie ts .

Since 1980 the Brouwerssluice is operated mainly from about mid 

October to 1 March (Table 1). In p r in c ip le  th is  regime allows o lder p la ice  
and f lounder to  migrate to  the Worth Sea in autumn (Steinmetz & Slothouwer, 

1979; Doornbos, 1981; Kle in B re te le r ,  1986; a f .  Figs 2a and 2b; o f .  Figs 

3a and 3b), but prevents on the other hand la te  a r r iv in g  larvae to  be 
f lushed in to  the lake since the main concentrations of pelagic p la ice  
larvae appear a t the entrance of the estuaries in March and A p r i l ,  and 
those of f lounder as la te  as A p r i l  (Rijnsdorp e t  a l . ,  1985; van der Veer, 

1985).

Table 1. Number development of p la ice  in Lake Grevelingen during 1979 to  1985
(and hence, a fte r  the Brouwerssluice became operative in 1978) based
on the stock assessments around mid September of each year, and the
estimated ( fo r  procedure see Doornbos S Twisk, 1984) number of 
immigrated p la ice  larvae during each spring. A fte r own data (1979 to 
1982) and those of K le in  B re te le r (1986).

Number of
Year Brouwerssluice open 0-group 

(x IO6)
5. 1 year 
(x IO6)

Total 
( x IO6)

immigr, larvae 
(x IO6)

1979 4 Dec. ‘ 78 , 1.5 0.5 2.0 10.3
1980 L 1 March '80 0.1 1.2 1.3 0.8
1981 mid Oct. '80 - 1 Apr i  1 '81 0.2 0.7 0.9 1.4
1982 mid Oct. '81 - 11 March '82 0.2 0.4 0.6 1.5
1983 mid Oct. '82 - 1 March '83 0 .! 0.2 0.3 0.8
1984 mid Oct. '83 - 1 March '84 0.1 0.2 0.3 0.8
1985 mid Oct. '84 - 22 March '85 0.7 0.2 0.9 4.8
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Fig. 2

Number Pleuronectes platessa

Oct -  Dec 1979 

N , = 123
16.

l t .
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Aug. -  Nov 1982 

Nt = 279

20 2S 30
Total length I cm I

Length-frequency d is t r ib u t io n  of p la ice  in: a) 1979, b) 1980, c) 

1981 and d) 1982. The f is h  from 1981 (p a r t ly )  and 1982 were also 

aged.
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Platichthys flesus
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Nt =50
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N t = 50
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Total length t cm J

Fig. 3. Length-frequency d is t r ib u t io n  of f lounder in: a) 1979, b) 1980, c) 
1981 and dl 1982. The f is h  from 1981 and 1982 were also aged.
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As could be expected, the s lu ice  management adopted resu lted  in a 
constant decline of the p la ice  population ever since the s l ig h t  recovery in 
1979 (K le in  B re te le r ,  1986; Table 1). However, in contras t to  the previous 
years the Brouwerssluice was operated in the spring of 1985 u n t i l  22 March. 

This resu lted in a r e la t iv e ly  high number of s e t t l in g  larvae and the 

decline of the p la ice  stock in the lake was halted. Uptake o f North Sea 
water through the Brouwerssluice in combination w ith  a discharge of the 
surplus of lake-water through the newly b u i l t  "Flakkeese s p u is lu is "  in the 
eastern Greveiingendam in the spring o f 1985 has apparently resulted in a 

r e la t iv e ly  higher re ten t ion  of p la ice  larvae from the coastal water (Table 

1). These data underline once again th a t the Brouwerssluice has to  be 
operated in spring through A p r i l ,  p re fe rab ly  in combination w ith  the 

"Flakkeese s p u is lu is " ,  to  improve recruitment and bu i ld  up the p la ice  den­

s i t y  in the lake ( a f -  Doornbos, 1985).

Of course, the settlement in any one year w i l l  s t i l l  depend on the 
strength of tha t p a r t ic u la r  year class in the North Sea. In p la ice  weak and 
strong year classes may d i f f e r  one order of magnitude ( c / .  Z i j l s t r a  e t  a l , ,  

1982; Anonymous, 1982, 1984, 1985) and s im i la r  d if fe rences in  annual

recru itm ent to  the Grevelingen could be expected.
S t i l l ,  from a continua tion  o f the present s lu ice  management { i - e -  

mainly open u n t i l  1 March and in c id e n ta l ly  to  1 A p r i l )  i t  is expected that 
in the near fu tu re  the number o f p la ice  in Lake Grevelingen w i l l  f lu c tu a te  

around 0.5 m i l l io n  ind iv idua ls  (Table 1).

For f lounder the s i tu a t io n  is even worse, since the pelagic larvae 

a r r iv e  in  the estuaries predominantly in A p r i l  (van der Veer, 1985). Con­

sequently, no settlement of 0-group f lounder was observed in the lake 
during 1980 to  1982 (F ig , 3 ). Over th is  period the population size 

decreased from 0.7 m i l l io n  in 1980 to approximately 0.1 m i l l io n  ind iv idua ls  
in 1982. Only i f  the s lu ice  would be operated well  in to  May the flounder 

stock might recover to  some exten t, but in the present s i tu a t io n  the 
numbers can only be expected to  decline even fu r th e r .  Pla ice and f lounder 
larvae appear to  be badly needed to  improve the small f l a t f i s h  stocks, 

p a r t i c u la r ly  since except fo r  eel there are only few other large predacious 
f is h  in the lake.

In Chapter 4 special a t te n t io n  is  paid to  the spectacular growth of 
the 0-group p la ice  in Lake Grevelingen. The mean lengths and weights
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atta ined here during the f i r s t  growing season exceed a l l  values given in 

the l i t e r a tu r e  fo r  natura l h ab ita ts .  The fa s t  growth can be i l lu s t r a te d  by 

comparing the lengths a tta ined in the lake in 1981 and 1982 w ith  those from 
the nearby Oosterschelde estuary in the respective years f Tab le 2 ). Only 
w ith  p la ice  reared in experimental ponds p a r t ly  supplied w ith  warm water 
discharge from the Hunterston nuclear power p lant (Scotland), s im i la r  or 

even somewhat higher growing f igu res  were achieved (Bardach e t  a l . ,  1972).

Table 2, Comparison of the average lengths (L in cm ± s .d .)  of 0-group
p la ice  a t the end of t h e i r  f i r s t  growing season in Lake Greve­

lingen and in the Oosterschelde estuary, the la t t e r  a f te r  data
o f A. ft i jnsdorp (personal communication).

Year Grevelingen Oosterschelde

1981 13.0 t  2.0 9.4 ± 1.5
1982 14.5 ± 3.4 8.7 + 2.0

Since the length increment of ju ve n i le  p la ice  in the lake could be 

described well by an empir ica l model developed by Fonds (1979), based on 
rearing experiments, i t  was concluded th a t the observed fa s t  growth was 

la rge ly  the re s u l t  of the r e la t iv e ly  high water temperatures. There were no 
ind ica t ions  of any density-dependent e f fe c ts  or th a t feeding condit ions 

provided a l im i t in g  fa c to r .
In Lake Grevelingen growth rates in f lounder (year class 1979) were 

also excep tiona l ly  high (Table 3).
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Table 3. Mean to ta l  lengths (L in cm) of flounders at the end of th e ir  f i r s t  
(L j) ,  second (L2 ), th i rd  f L 3) and fourth (L4 ) growing season in 
various European waters.

Area Ll l 2 L3 L4 Reference

Lake Grevelingen 11.2 nl8.5 26.3 . 31.5 This study
River Frome 8.9 15.1 22.5 30.4 Beaumont A Mann, 1984
Taymar estuary 7.6 14.7 20.5 28.9 Hartley, 1940
Ythan estuary 7.4 15.0 21.9 27.2 Summers, 1979
Ba lt ic  Sea - 11.5 16.0 19.5 kandier, 19321'
Ba lt ic  Sea 4.4 11.1 16.3 20.1 Cieglewicz e t a l . ,  1969^

1) Vide Beaumont * Mann (1984)

In Chapter 5 the dens ity , growth, d ie t  and food consumption of the 
main Gobiidae, comprising the common goby Pom atoschistus m icrops, the sand 

goby P ‘ m inutus  and to  a lesser extent the black goby Gobius n ig e r ,  are 

invest iga ted. They appear to  occupy a key-pos it ion  in the food chain of 

Lake Grevelingen. In terms of q ua n t i ty ,  the gobiids are undoubtedly the 

most important group of f is h  making energy from low t rop h ic  levels 
ava i lab le  to  the higher ones.

Compared w ith  other areas the observed dens it ies  are high while 
growth is f a i r l y  good. As a consequence annual consumption, accounted fo r  
la rge ly  by copepods (roughly 90% by weight) and other small epibenthic 
crustaceans, is su bs tan t ia l ,  i - e .  a t maximum 3.5 g ADW.m'^.a-  ̂ fo r  both 

gob iid  populations combined. In tu rn ,  the gobiids s u f fe r  from a high 

m o r ta l i t y .  They proved to  be eaten by a v a r ie ty  of predators: various f l a t ­
f i s h  species ( i - e .  p la ice , f lounder, dab Limanda lim anda, tu rbo t 
Scophthalmus maximus and b r i l l  S. rhombus), eel, b u l l - r o u t  Myoxocephalus 

sc o rp iu s , herr ing  Clupea harengus, v iv iparous blenny Zoarces v iv ip a ru s  and
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piscivorous b irds . For instance, during 1981/1982 the food o f the migrating 

and w in te r ing  populations of the great crested grebe Podiceps a r is ta tu s  and 
the red-breasted merganser Mergus s e rv a to r  consisted fo r  60% (by weight) of 
gob iid  f i s h .  A combined estimate fo r  the b ird  and f l a t f i s h  predation 
ind icates th a t these account fo r  60% in the reduction of the standing 

stocks of the gobiids present in la te  summer (see also Chapter 6 ).
I t  is  not qu ite  c lea r yet what causes the observed year ly  f l u c ­

tua t ions  in the gob iid  d ens it ie s .  The decline in the P • m icrops  population 
in 1979 might be ascribed to  the severe w in te r  in th a t year, a f te r  which i t  

took almost two years fo r  the population to  recover.

In Chapter 6 the ro le  of the p isc ivorous b irds in the food chain of 

Lake Grevelingen is described on the basis o f abundance, prey se lection  and 

annual food consumption. A f te r  the enclosure in 1971 the numbers of great 
crested grebes Podiceps a r is ta tu s ,  red-breasted mergansers Mergus s e r ra to r  

and cormorants Phalaeroaorax carbo, using the lake as a stop-over and 

re fue l area during part o f the year, increased s ig n i f i c a n t l y .

A f te r  a downfall during the 1979 to  1983 period the number of 
w in te r ing  great crested grebes seems to  re tu rn  to  th e i r  former abundance. 
This conclusion can be drawn from the number of b irds counted on Lake 

Grevelingen during the la s t  years (Meininger e t  a l , ,  1985; F ig. 4a) as well 

as from the estimated number of grebe-days spent on the lake (F ig . 5a). 
Also the number of w in te r ing  mergansers is s t i l l  increasing (Fig. 4b and 
F ig. 5b) and to  date mid w in te r  peak counts of 2400 to  3800 b irds are not 

uncommon. This is  two to  three times higher compared w ith the period before 
1978. The largest increase, however, is  c e r ta in ly  observed in the 

cormorant. Ever since 1982 the autumn peaks l i e  around 2000 b irds  (Fig. 

4c), while the number of b ird-days spent on the lake increased roughly four 

times compared with the 1972 to  1979 period (Fig. 5c).
Considering the abundance patterns in the dominant p iscivorous b ird  

species one might expect th e i r  prey species to  be ava i lab le  in s u f f i c ie n t  

q u a n t i t ie s .  Since 1982 nothing is known about the stock developments of the 
small food f i s h .  Assuming an ide n t ica l  weight share of 60% in the d ie ts  of 

the grebes and mergansers [o f .  Chapter 6 ), the two b ird  populations should 

have consumed approximately 107 tons of gobiids in 1984/1985 (which was 
51.5 tons in 1981/1982). Since in  1981/1982 a t leas t 60% o f the la te  summer 

stocks of the gobiids was consumed by b irds and f la t f i s h e s  i t  would seem
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Fig. 4. Monthly peak numbers o f :  a) great crested grebe Podiceps a r is ta ­

tu s ,  b) red-breasted merganser Mergus s e r ra to r  and c) cormorant
P halacrocorax carbo. Data are obtained from the b ird  counts of
Staatsbosbeheer (see also Meininger e t  a l . ,  1984, 1985).
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Fig. 5. Seasonal (1 July - 30 June) number of b ird-days o f: a) great 
crested grebe Podiceps c r is ta tu s ,  b) red-breasted merganser Mergus 

s e r ra to r  and c) cormorant Phalacrocorax carbo  in Lake Grevei ingen 

during 1971 to  1985. The number of bird-days was ca lcu lated on the 
basis of the b ird  counts of Staatsbosbeheer.
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tha t under these stock size cond it ions , there should have been no space fo r  
an increased predation by b ird s ,  w ithout adverse e f fe c ts  on the gobiid  
populat ions. However, the marked decrease in the number of p la ice  and 
f lounder ( c f .  Chapter 3) should have been associated with a reduced 

predation by these f l a t f i s h ,  leaving a greater share of the gobiid  produc­

t io n  ava i lab le  to  the b irds . Unfortunate ly , nothing is  known about the food 
preference of the cormorant in Lake Grevei ingen.

While in 1981/1982 the to ta l  annual f i s h  consumption by b irds  was 

estimated at 115 tons FW (or 0.18 g ADW.nr^) th is  has l i k e ly  increased to 

approximately 257 tons (0.4 g ADW.nr^) in 1984/1985. Hence, there is  strong 

evidence tha t the impact of the p isc ivorous b irds on the f is h  fauna 
( inc lud ing  epibenthic  crustaceans such as shrimps) of Lake Grevelingen is 
s t i l l  increasing. To what extent the f is h  fauna has responded to  th is  

increased predation can only be guessed.

F in a l ly ,  in Table 4 a general view is presented o f the estimated 

biomasses, annual production f igures  and y ie ld s  ( c . q - consumption f ig u res )  

o f the various f is h  species in Lake Grevelingen during the period 1980 to 
1982. In these days the f is h  fauna is  dominated (by weight) by eel A n g u il la  

a n g u i l la , while p la ice  P leu ronectes  p la te ssa  has fa l le n  back to  second 

p o s i t io n .  In the former Grevelingen estuary and during the f i r s t  years 

a f te r  the embankment the biomass of the demersal f ishes  was dominated by 
p la ice  (Vaas, 1979).

Only 25Ï o f the t o ta l  f is h  biomass is estimated to  belong to  pelagic 
species. Three-spined s tick leback G asterosteus a cu le a tu s , sprat S p ra ttu s  

s p ra ttu s  and sand-smelt A th e rin a  sp. propagate in the lake (Doornbos, 1981, 
1982), while the herr ing  Clupea harengus population is supposed to 
o r ig in a te  predominantly from young f is h  immigrating through the Brouwers- 

s lu fce  in w in te r.
According to  published data compiled by Jansson e t  a l .  (1985) the 

biomass f igu res  of f ishes in shallow coastal waters may amount to as high 

as 125 g FW.nT^, while annual mean values roughly range from 0.2 to  17 g 
FW.m"2, In comparison, the o ve ra l l  7.1 g FW (o. 1.2 g ADW).m"2 found in 

Lake Grevelingen is of intermediate value (Table 4 ) .
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Table 4. Overall estimates fo r biomass, annual production and y ie ld  (a .q . con­
sumption) of the main f ish  species in Lake Grevelingen over 1980 to
1982 (figures are in tons fresh weight for the entire area, i . e .  108
km?). When known, the main consumers of the f ish  are mentioned too.

Species Biomass Production Yield /  
Consumpt.

Main consumers

Demersal
Pleuronectes platessa  125
P la tich thys  fle s u s  60
Other Pleuronectiformes 35
A n g u illa  a n g u illa  170
Pomatoschistus microps 72
Pomatoschistus minutus 85
Gobius n ige r 15

>85
261
271
M8

20 Man (Anglers)
10 Man (Anglers)

85 Man, Birds?

102^ F la t f ish ,  Birds

Pelagic
Gasterosteus aculeatus M0
Sprattus sp ra ttus  MO
Clupea harengus M0
Atherina  sp. M2

2 .4 ^  Birds 
3.31' Birds 
9.91) Birds, Anglers?
0 .4 ^  Birds

Total 764 = 7.1 g FW.m-2

1) Data for 1980/1981 only
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In conclusion

Ten to 15 years a f te r  i t s  creation the ecosystem of the sa line  Lake 

Grevelingen is s t i l l  evolv ing. This not only applies to  aspects of primary 

production (Nienhuis, 1985) and benthic fauna (Lambeck, 1985), but cer­

t a in l y  also to  f i s h .
With respect to  the f is h  fauna a number of conclusions can be drawn 

from the present study:

1. The number of f is h  species in Lake Grevelingen is ra ther small.

2. There are only few f is h  preying on larger benthic organisms inc lud ing 
small f i s h .

3. Some f is h  species get on very well in the sa line  lake, but f a i l  to 
propagate successfu lly  { v is .  f l a t f i s h ) .

4. Gobiidae appear to  hold a key-pos it ion  in the food web o f the lake. 

Q u a n t i ta t iv e ly  they are the most important group of f is h  making energy 
from lower t ro p h ic  leve ls ava i lab le  to  the higher ones.

To a n t ic ipa te  on the fu tu re  developments of the f is h  stocks in Lake 
Grevelingen w i l l  necessari ly  be very specu la tive. Much w i l l  depend on the 

type of s lu ice  management adopted. Ever since 1983 the manager can, apart 

from the Brouwerssluice in the west, also manipulate w ith  the "Flakkeese 
s p u is lu is "  in the upstream dam, a llowing an a r t i f i c i a l  f low  regime in the 

e n t i re  lake from west towards east. With proper management the f i s h  stocks 
can be manipulated, although probably only on a small scale.

Up t i l l  now, a number of suggestions have been made to improve the 
f i s h  stocks in the lake fo r  commercial and rec rea tiona l (angling) purposes 
( o f .  Steinmetz S Slothouwer, 1979; Doornbos, 1985; k le in  B re te le r ,  1986; 

K le in  B re te le r  & Steinmetz, 1987). Since natura l recruitment o f eels to  the 
lake is ra ther poor, i t  is t r i e d  to stock approximately 2500 kg e lvers 

and/or young eels annually to  compensate fo r  the losses due to  natura l 

m o r ta l i t y ,  predation (by cormorants?) and emigration of valuable s i l v e r  

eels in autumn and ear ly  w in te r ,  and to  improve the y ie lds  fo r  the 
pro fessiona l eel f is h e ry .  However, due to  a sca rc i ty  on the European market 
th is  amount of e lvers and young eels cannot be a tta ined each year. Thus, a 

fu r th e r  increase in the commercial eel catches is not expected in the near 

fu tu re .
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By tak ing  in North Sea water through the Brouwerssluice at high t id e  
in spring through A p r i l  and discharging the surplus o f lake-water through 

the siphon in the east at low t id e ,  maximum numbers of p la ice  larvae could 
be flushed in to  the lake and allowed to  s e t t le  down. To prevent emigration 
of o lder p la ice  during autumn or e a r ly  w in te r  the Brouwerssluice should be 

closed through January. When fo r  some reason, fo r  instance of water 

q u a l i t y ,  North Sea water has to be taken in during autumn or e a r ly  w in te r,  

cu rren t v e lo c i t ie s  above 1.5 m.s-1 should be maintained because th is  is 
about the maximum swimming speed fo r  adu lt p la ice  to  maintain over a 

s izab le  d istance.

Based on a number of assumptions some estimates have been made about 
the possib le population developments of o lder p la ice  in the lake and the 

numbers of catchable f i s h  fo r  anglers (F ig . 61, As shown by these models, 
an equ il ib r ium  is reached a f te r  10 to  15 years in the numbers of older 

p la ice  when the input and m o r ta l i ty  rates are kept constant over tha t 
period. At an input of 2 m i l l io n  larvae per year, fo r  instance, a stock 

s ize of o lder p la ice  ( » 1  year) of approximately 0.6 m i l l io n  f is h  may be 

expected, o f which only 270,000 ind iv idua ls  w i l l  have an age of three years 
or more. In case of an annual input o f 5 m i l l io n  larvae these f igu res  may 
amount to  1.5 m i l l io n  and 0.7 m i l l io n  p la ice , respec tive ly  (F ig .  6a 1. 
Because an unknown number of I-group p la ice  may also immigrate through the 

Brouwerssluice in  spring, in p rac t ice  a somewhat higher e qu i l ib r ium  could 

be reached in comparison with an input of exc lus ive ly  larvae.

Since the legal minimum size o f catchable p la ice  in  The Netherlands 

is  27 cm, being reached in Lake Grevelingen in three years {a f .  Doornbos í  
Twisk, 1984), the numbers of p la ice  to  be caught by anglers can also be 

estimated. In case of inputs of 2 to  5 m i l l io n  larvae, approximately 60,000 
to  160,000 a du lt  p la ice  are expected to  be caught annually (F ig . 6b).

Since the estimated number of immigrating larvae during 1979 to  1985 

amounted only once to  10 m i l l io n  ind iv idua ls  (Table 1), such high input 

ra tes are not expected to la s t  10 to  15 years on end. Therefore, the 
corresponding stock size and catch estimates in Figure 6 do seem 

u n r e a l i s t i c a l l y  high fo r  Lake Grevelingen, even w ith  the proposed s lu ice  

management.
During 1972 to  1977 on average 1.25 m i l l io n  p la ice  have been caught 

per year by anglers, with a maximum o f 3.1 m i l l io n  f is h  in 1974 (Steinmetz 
& Slothouwer, 1979). Even a llowing fo r  an o p t im is t ic  input o f 5 m i l l io n
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Fig. 6 . Three models showing the prospected stock size developments of 

o lder p la ice  (a ) ,  and the expected annual y ie ld s  of p la ice  of 
three years and o lder to  be caught by anglers (b) f o r  Lake Greve­

l ingen. In the models A, B and C i t  is  assumed th a t  the input of 
p la ice  larvae during each spring amounts to 2, 5 and 10 m i l l io n  
in d iv id u a ls ,  respec t ive ly ,  and th a t  the su rv iv ing  adu lt  p la ice  are 
prevented from leaving the lake during autumn and e a r ly  w in te r,  

fu r th e r ,  a m o r ta l i ty  of 9ÛÎ per year is assumed fo r  juven i le  

p la ice  f < 1 year) and 33í per year fo r  o lder f i s h .  The f is h e ry  

m o r ta l i ty  is  supposed to be on average 23% per year.
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larvae ( a f .  Table 1) the expected annual y ie ld  of 160,000 adu lt p la ice  
would be probably hardly in te res t in g  fo r  anglers.

I t  has also been suggested to  stock the lake w ith  small p la ice  of 
about 5 cm and to  prevent them from leaving the lake when becoming o lder 
(Doornbos, 1985). According to Kle in B re te le r  (1986) approximately 1 

m i l l io n  of such small f ishes are required to  increase the y ie ld  of adu lt 

p la ice  by 200,000. The current p r ice  of H f l .  0.50 a piece implies an 
investment of H f l .  2.50 fo r  each adu lt p la ice  caught. To a t ta in  annual 

catches of approximately 2 m i l l io n  adu lt  p la ice , as were made in 1973 to  
1974, would require  a stocking ra te  of 10 m i l l io n  small p la ice  and would 
cost about 5 m i l l io n  H f l .  a year (Kle in B re te le r ,  1986).

More recen t ly ,  discussions have s ta rted  to  stock the lake with 

salmonids (Kle in Bre te le r  & Steinmetz, 1987). Young rainbow t r o u t  Salmo 

g a ird n e rii (20 to  25 cm), smolts o f sea t r o u t  S. t r u t t a  t r u t t a  (15 to  20 cm) 
or salmon S. s a la r  (10 to  16 cm), or a mixture o f them, could be stocked 

best in spring a f te r  the Brouwerssluice has been closed. In t h i s  way 
emigration of the f ishes to the North Sea is prevented. Since the m igration 

impulse in new smolts takes about two months, only small numbers o f the
fishes  would probably emigrate to  sea in autumn when, under the present

management scheme, the s lu ice  is opened again.
Based on an annual food supply of 1400 to  1800 tons FW ava i lab le  fo r  

the salmonids in the lake and presuming an o ve ra l l  food conversion of 5, an 
annual production of 300 to  350 tons o f salmonids might be fe as ib le  (K le in  
B re te le r  Ä Steinmetz, 1987). They also ca lcu lated th a t ,  w ith a maximum
stocking ra te  of 20 to  60 smolts per ha.a*1 (depending on the species), 

anglers might re a l iz e  maximum catches o f 100,000 to  200,000 t ro u ts  or
70,000 to  150,000 salmons per year. When stocked with rainbow t r o u t  about 

75% of the catch is expected to  cons is t of adult f ishes  of 40 to  45 cm (0.5 

to  1 kg), while  in case of salmon approximately 75% should be in the range 

o f  45 to  55 cm (1 to  2 kg) and 25% might a t ta in  a size of 65 to 75 cm (3 to 
4 kg) or even somewhat more. The annual costs are expected to  be in the 
order o f 1 to  1,5 m i l l io n  H f l .  in  case o f t r o u t  and 2.5 to  3.5 m i l l io n  fo r  

salmon, respec t ive ly .  However, the annual refunds ( fo r  instance from angler 
permits and the s e l l in g  o f f is h  by professional fishermen) may increase to 
approximately 1.5 to  2 m i l l io n  H f l .  fo r  t r o u t  and as much as 4 to  5 m i l l io n  

f o r  salmon. Thus, they conclude th a t  stocking w ith  salmon would be most 

p ro f i ta b le .  On the other hand, in severe w inters low water temperatures
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could a f fe c t  the su rv iva l of salmonids (espec ia l ly  salmon) in the sa line
lake se r ious ly .  Also in some summers water temperatures may become
c r i t i c a l l y  high (K le in  B re te le r  & Steinmetz, 1987).

For the time being, the discussions on the improvement of the f is h  

stocks in Lake Grevelingen w i l l  continue, espec ia l ly  w ith in  the working 

group "Salmonids in  Lake Grevelingen“ in which various s p e c ia l is ts  are
represented (K le in  B re te le r  & Steinmetz, 1987). But, fu r th e r  inves t iga t ions  
and experiments w i l l  be needed before the f i r s t  big catches may ever be 

landed.
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CH AN G ES IN TH E FISH F A U N A  OF TH E FOR M ER G R E V E L IN G E N  
E S TU A R Y , BEFO RE A N D  A F TE R  TH E CLOSURE IN 1971 1

G. DOORNBOS

(D elta In s titu te  fo r  H ydrob io log ica l Research, Yerseke, The Netherlands) 

(S H O R TE N E D  PAPER)

W ith in  the scope o f the Delta Plan, a num ber o f estuaries in the S.W. Netherlands has been 
closed o ff .  One o f those sea-arms is the Grevelingen where the fo llo w in g  phases in the hydro- 
technical w orks can be Iden tified  (N IE N H U IS , 1978).
(1) Before 1964, the Grevelingen was an estuary, in fluenced in the east by the rivers Rhine and 
Meuse, and in the west by the N orth  Sea, so th a t the ch lo ride  concentra tion  fluc tu a te d  from  
10 to  17 o/00 C l- .
(2) In 1964 the Greveiingendam was constructed  on the east side, resulting in a high and fa ir ly  
stable ch lo ride  concentra tion .
(3) In May 1971 the 6 km  long Brouwersdam  on the west side was com pleted and a new saline 
Lake Grevelingen o f 108 km ^ was established. The ch lo ride  concentra tion  in the lake declined 
fro m  greater than 17 to  less than 13 ° /0o C l”  in 1978.
(4) In December 1978 a sluice, b u ilt  in the Brouwersdam, was b rought in to  operation. As a 
consequence o f  the  sluice management, the ch lo ride  concentra tion  remained above 16 ° /00 C l- .

The changes in the fish fauna in the successive phases were p rim a rily  studied w ith  a 3 m 
beam traw l, and u n til 1977, o n ly  in parts deeper than 5 m (V A A S , 1979). A fte r  .the closure in 
1971 the num ber o f fish species caught w ith  this traw l declined from  31 to  18 (Fig, 1). From  
1976 to  1978 th is  number stabilized at 20. A  new species was the black goby Gobius niger, 
w hich underw ent the same developm ent as in the earlier created Lake Veere (V A A S  e t a!., 1975). 
When the connection  w ith  the N o rth  Sea had been renewed fo r over a w hole year, the number 
o f species Increased to  26. Because the 'new ' species were p rin c ip a lly  'summerguests', e.g. garfish 
Belone belone, horse mackerel Trachurus trachurus, and th ick -lipped  grey m ulle t Chelon labrosus, 
they disappeared again one year later when the sluice was closed from  March th rough  the m iddle 
o f October.

Before 1971, the Shannon-Weaver index was high, then in  1972 decreased as a consequence 
o f the dam m ing (F ig .1 ). A fte r  a w h ile , the index stabilized. However, even before the opening 
o f the sluice, the index was declin ing, probab ly induced by the lo w  ch lo ride  concentra tion  at 
th a t tim e, and la ter on enhanced by the m an ipu la tion  o f the sluice. As m entioned above, some 
species were m igra ting in to  the lake, b u t they were scarce in  num ber. The w hole system seemed 
once again to  be destabilized.

I t  should be m entioned th a t a beam traw l developed fo r  demersal fish is no t suitable fo r 
p rov id ing  a com ple te  p ic tu re  o f the fish fauna in an area. For the period 1900-1980, a to ta l o f 
57 species have been recorded fo r  the Grevelingen, o f w hich 44 were trapped by the beam traw l 
(DOORNBOS, 1981).

A fte r  the closure, the num ber o f  small pelagic fish, e.g. sand-smelt Atherina presbyter, 
three-spined stickleback Gasterosteus aculeatus and sprat Sprattus sprattus increased enorm ously 
(F ig.2). O n ly the stickleback density remained high. This species can s till f in d  a very suitable 
breeding hab ita t in the extensive Chaetomorpha and Zostera meadows. I t  is lik e ly  th a t in 1971 
a large p o pu la tion  o f sprat was enclosed and reproduced in the lake during  the firs t years. B u t as 
the ch lo ride  concentra tion  decreased, rep roduction  m ust have ceased. In 1980 and 1981, when
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Fig. 1. Number o f fish species caught w ith a 3 m beam trawl in the deeper parts ( > 5 m) of the 
Grevelingen and the Shannon-Weaver diversity index.

the chloride concentration was again above 16 ° /0 o Cl- , indeed ripe female sprats and larvae were 
observed. The black goby, common goby Pomatoschistus microps and sand goby P.minutus 
have also increased, especially during 1978 to 1980, although the common goby appears to have 
suffered from the severe winter of 1978/1979. Regarding the flatfish, it is obvious that the sole 
Solea solea, one of the most abundant species in the estuary, disappeared very soon after the 
closure, probably as a consequence of the lower winter temperatures in the lake (FO NDS, 1976).
Both plaice Pleuronectes platessa and flounder Platichthys flesus did not recruit in the lake 
although the animals bear ripe spawn and m ilt during autumn and early w inter (V A A S , 1979).
About 75 % of the encaptured plaice belonged to yearclass 1971 (S T E IN M E TZ  and SLO THO UW ER, 
1979). When in 1979 the sluice was opened for a whole year the plaice population was 
rejuvenated, the few remaining old animals left the lake in winter to migrate to their spawning 
places in the North Sea, and the larvae came in the spring. In 1980 and 1981 hardly any juvenile 
plaice of that particular year was caught, probably due to  the early closing dates of the sluice, at 
the end of February and at the end of March respectively. In September/October 1981, 79 % 
still belonged to yearclass 1979 and only 14 % to yearclass 1981, which is the reverse estuarine 
picture.

With an appropriate sluice management one can find plaice and flounder in the lake, 
although the numbers will still be much lower than those in the estuary. From surveys covering 
the entire lake, we assessed the plaice population in the autumn of 1980 and 1981 at 1.1 and 0.9
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Fig. 2. Num ber (N) o f  sand-smelt Atherina  spp., three-spined stickleback G,aculeatus
and sprat S.sprattus caught per 100 m inu te  traw ling  interval in the deeper parts o f the 
Grevelingen.

m illio n  ind iv iduals, respectively. Com parison o f the September data o f the D irec tora te  of 
Fisheries and the mean data fo r August-N ovem ber o f the Delta Ins titu te , bo th  expressed as 
numbers o f  ind iv idua ls caught per 100 m inu te  traw ling  intervals on a loga rithm ic  scale, leads to  a
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highly significant negative correlation between the numbers caught and the time (years). The 
extrapolated population size for September 1971 amounts to 14 m illion, assuming that from the 
autumn of 1972 onwards all individuals stayed at a depth greater than 5 m (=  38  km^} and that 
the trawls have a fishing efficiency of 1 0 % . As a consequence of these 14 million animals present 
in the lake in September 1971, of which 10.5 million (75 %  ) should have been 0 +  fish, and 
assuming a juvenile mortality of 50 % there must have been an import of at least 20 million larvae 
as of the 3rd of May. In the period 1972 to 1977 an estimated 7.5 million plaice were caught by 
sport fishermen (S T E IN M E TZ  and SLO THO UW ER, 1979). A t the end of 1978 not more than
0.9 million were alive.

species

Biomass percentages in total trawl catches

1960 1969 1 9 7 5 -1 9 7 6 1980

Pleuronectiformes 70.1 84.3 40.1
Pleuronectes platessa 40.2 69.9 22.1

Gobiidae 4.2 4.9 40.9
Pomatoschistus m inutus 4.1 3.2 32.8
Gobius niger - 1.0 8 .0

Table ). Changes in biomass ratios in the beam trawl catches in the deeper parts of the 
Grevelingen, before and after the closure in 1971.

number biomass
species <x IO6 ) (tons)

pelagic
Gasterosteus aculeatus 120 100
Sprattus sprattus 3.4 10
Clupea harengus 0.1 1
Atherina presbyter 1.5 2

demersal
Pleuronectes platessa 1.1 184
Platichthys flesus 0.5 69
Pomatoschistus microps 7 4
Pomatoschistus m inutus 145 102
Gobius niger 4 22
Anguilla anguilla 138 *

632  =  5.9 g F W .m -2

Table I I.  Estimation of number and biomass (B) of most important fish species in Lake 
Grevelingen, October 1980. FW =  fresh weight.

* Based on commercial yearly landings in the period 1972-1977 (=P ) and P/B =  0.5.

Another interesting aspect of Grevelingen plaice is its fast growth. A t the end of their first 
summer, the average length o f a young plaice is 13.0 cm (range 7 - 17 cm), which is about 3 cm 
longer than in the Dutch Wadden Sea (KUIPER S, 1977; DE VLAS, 1979). There are three
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explanations for this phenomenon. {1 1 In summer, the water temperature of Lake Grevelingen is 
somewhat higher than in the Wadden Sea and may rise well above 20°C . (2) The density of plaice 
and other flatfish, and hence competition for food, is low. (3) The absence of tide implies that 
the animals can fourage the whole day. In addition, they don 't need to make energy-consuming 
tidal migration movements as in an estuary (KUIPER S, 1977).

Not only the number of species and the number of individuals have changed in the course 
of tim e but the biomass ratios of the demersal species have also changed (Table I). The role of 
flatfish, of which plaice was a dominant species, has been taken over by gobiid fishes.

Finally, an attempt has been made to quantify the number and biomass of the most 
important species in the lake (Table II). It is obvious that the composition of the fish fauna has 
drastically changed from larger to smaller species, the diversity has decreased and food chains 
have became shorter (V A A S , 1979).

f Communication no. 242 of the Delta Institute for Hydrobiological Research.
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1. I N T R O D U C T I O N

In  the fo rm e r G revelingen estuary the fish fauna was dom inated  by fla t­
fish, p a rticu la rly  plaice Pleuronectes platessa and sole Solea solea ( V a a s , 

1979; D o o r n b o s , 1982), A fte r  the construction  o f the eastern Greve- 
lingendam  (1964), w hich cut o ff the open connection w ith  the rivers 
R hine  and Meuse, the stock o f sole decreased while  those o f plaice and 
dab Limanda limanda increased. Two years a fte r the creation o f the saline 
Lake G revelingen (1971) sole had com plete ly disappeared, p robab ly  
due to the lower tem peratures d u r in g  w in te r, values fa llin g  below —I o C 
not being unusual (cf. F o n d s , 1976).

In  the sa line  lake, the la n d lo cke d  p la ice  and  flo u n d e r Platichthys flesus 
d id  no t p ropaga te  successfu lly le a d in g  to  a g in g  p o p u la tio n s  (V aa s ,
1979). A lth o u g h  at firs t nu m b e rs  decreased, to ta l b iom ass in it ia l ly  in -

* Communication no. 279 of the Delta Institute for Hydrobiological Research, Yerseke, 
The Netherlands
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creased ( D o o r n b o s , 1982). A fte r  1976, however, the share o f  plaice in 
the demersal fish co m m u n ity  started to decline due to heavy sport 
fish ing. A  release o f 160 000 plaice, 350 000 flounders and 1 000 000 
dabs could not compensate the 7.5 m illio n  plaice and 1.5 m illio n  
flounders angled between 1972-1977 ( S t e i n m e t z  &  S l o t h o u w e r , 1979,
1980).

From  D ecem ber 1978 th rough February 1980 and from  13 O ctober 
1980 th rough M a rch  1981 (exc lud ing  a short period  in O ctober and 
N ovem ber 1980), the G revelingen was again connected to the N orth  
Sea by a new sluice in the Brouwersdam  (capacity 100 m 3 s _l ) a llow ing  
lim ite d  fish m ig ra tions  in and out the lake.

Since 1971, the carbon budget o f  the Lake G revelingen ecosystem has 
been investigated ( N ienhuis, 1978a, 1978b). T he  a im  of the present 
study is to assess the role o f plaice and flounder in the food chains o f  the 
lake on the basis of density, growth and annual food consum ption  of 
both fla tfish  species d u r in g  O ctober 1979 to  Decem ber 1981. T he  in ­
vestigation form s part o f  a 4-year study on the qua n tita tive  im portance 
o f the fish fauna in the energy budget o f  Lake G revelingen.

Acknow ledgem ents.—T h is  study was part o f the Z O W E C  project 
(saline water ecology) and financed by the D eltadienst o f  R ijksw a te r­
staat. We are m uch indebted to those assisting in  the fie ld  and in  the 
laboratory, and to those who gave va luable advice and support. We 
especially want to m ention : W .J.L. Robër and P. de K oe ije r o f  the re­
search vessel “ M a ris  Stella", D r  A.G. V lasb lom  and J.J. G uerand  fo r 
b iom athem atics, M rs  M .J. van Leerdam -de D reu  fo r the typ ing , A .A . 
Bolsius fo r m ak ing  the fin a l draw ings and M rs  P. Po llen-L indeboom  fo r 
co rrec ting  the English  text.

P re lim in a ry  research was done by H . V e rn ij, w h ile  R .H . Bogaards 
assisted w ith  the fish ing  surveys and d id  most o f  the labora to ry  analyses 
(de te rm ina tion  o f  prey items, age read ing  o f  o to liths, p repa ring  data fo r 
com puter, etc.). D r  N. Daan, D r  B R. Ku ipers, R .H .D. Lam beck, A. 
R ijn sd o rp  and J. de V las gave comm ents on the firs t d ra ft o f  the 
m anuscript.

2. M A T E R I A L  A N D  M E T H O D S

T he  essential data have been collected d u rin g  traw ling  surveys. In  the 
deeper parts ( > 2  m) o f  the lake fish ing  was done on the 18 m m oto r 
vessel “ M a ris  Stella”  w hich is equipped w ith  a 3 m etre beam traw l 
covering at standard speed a tra w lin g  area o f 250 m 2 per m inute. In  
the litto ra l zone a small 1.9 m etre beam traw l ( K u i p e r s ,  1975), w hich  
covers 197 m 2 per m inute, was used on the 6 'A m fla t-bo ttom ed  boat
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“ R iekus” . T he  foot rope o f both nets was made heavier by an iron  
chain. Fine-meshed ne ttin g  (10 m m  and 12 m m  full-rnesh size in  the 
cod-end o f the 1.9 m and 3 m traw l, respectively) was used since the 
surveys were also intended to ob ta in  data on small-sized fish species, 
p a rticu la rly  G obiidae.

W hen possible, surveys were made tw ice a m onth. As a consequence 
o f the abundan t stocks o f  eelgrass Zostera marina, large algae, e.g. Chaeto­
morpha sp., and mussels M ytilus edulis, short hauls o f  on ly 2 and 214 
m inutes were made wi th the 3 m and 1.9 m traw l, respectively. For the 
same reason, on ly  41 to 48 stations o f  fixed positions, d is tribu ted  over 
three depth strata, 0 to 2 m (43 km 2), 2 to 5 m (27 km 2) and > 5  m (38 
k m 2), were fished (F ig . 1).

In  1981 a strong decline in  the eelgrass vegetation and in the bycatch 
o f mussels allowed us to increase the num ber and d u ra tio n  o f  hauls 
from  J u ly  onwards. M oreover, the gear effic iency was im proved by us­
ing  one tic k le r chain. T he  m ore favourable fie ld  s itua tion  also allowed 
fo r change towards a s tra tified  random  sam pling  scheme tha t was based 
upon a 500 x 500 m 2 g rid  over the lake; from  a statistical p o in t o f  
view, th is is m ore satisfactory. T h e  deep stra tum  was sp lit up  in to  a 5 to

N 0 * T H  SEA

Fig. t. M ap  of Lake Grevelingen (SW  Netherlands), showing the positions of the fixed 
sampling stations in the strata 0 to 2 m (x  —  x ), 2 to 5 rn (O — O ) and > 5  m ( •  — • ) ,  
and of incidentally sampled stations (indicated by interrupted lines). Depth lines in 

metres; arcas above 0 m shaded.
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15 til (27 km 2) and a deeper (han 15 m (11 km 2) zone, since evidence 
had been obta ined that the fish accum ulated in the deepest part o f  the 
lake d u r in g  w in te r tim e (cj. C ha p te r 3).

Sex was determ ined and tota l body length measured fo r a ll in ­
d iv idua ls  caught w hile  in  the fie ld. T he  larger specimens were weighed 
ind iv idua lly . T h e  weights o f  those less than 50 g were obta ined e ithe r by 
w eigh ing  them at the labo ra to ry  ( in  the case o f  some) o r by reconstruc­
tion  on the basis o f  an established length-w eigh t re la tionsh ip  o f  a sub­
sample. In  the sp ring  o f  1980 and the au tum n o f 1981 o to lith  samples 
were taken fo r age reading.

A p p ly in g  K u i p e r s ’ (1975) m ethod, the overall e ffic iency o f the 3 m 
traw l fo r plaice has been estimated at about 10% w ith  0 and a t 20% 
wi th  I tic k le r chain. No s ign ifican t differences were found  between size 
classes. For the 1.9 m beam traw l w ith  1 tick le r chain, an e ffic iency o f 
10%, as determ ined fo r the same net equ ipm ent by K u i p e r s  (1975) fo r 
plaice > 2 0  cm, has been used. A n  effic iency o f 6%  has been assumed 
in the absence o f a tick le r chain. The same values have been app lied  fo r 
flounder.

Im m ed ia te ly  a fte r the catch, the stomachs o f the fish were preserved 
in  4%  fo rm a lin . In the laboratory, the prey item s were iden tified  to 
species level as fa r as possible. The ash-free d ry  weight (A D W ) o f the 
prey rem ains was determ ined in  1981 only. T he  counted num ber o f 
prey items in  the 1980 samples were converted in to  A D W  values on the 
basis o f the mean A D W  per prey species in  the 1981 samples.

Because energy requirem ents o ffis h  are a fu nc tio n  o f  size, the plaice 
were d iv ided  in to  size classes ( W i n b e r c , 1956; d e  V l a s , 1979). T he  
sm all O -g roup  plaice caught d u r in g  1981 could easily be d istingu ished 
the whole year round and have been treated separately. Per sam p ling  
date the o lder anim als were equally d iv ided  in to  3 weight classes: ligh t, 
m ed ium  and heavy, Therefore , each weight class does not represent a 
year ( hiss, bu t a g roup o f  anim als w ith  presum ably the same energy 
demands and p robab ly  feeding on about the same size o f  prey. Stomach 
contents o f  anim als from  one weight class were pooled. For each class, 
g row th  was com puted by regression analysis under the assum ption that 
fast growers rem ain  fast growers ( W in b e r g , 1956). N o such sp lit was 
made in the case o f flounders, since they were less num erous.

A n nu a l food consum ption  (ƒ ’, ) o f  the plaice and flounder popu la ­
tion  was estimated by the equation:

m

h -  -  > 5  h F>

where m is the num be r o f  representative periods in  the year, p  is the 
num be r o f  days in  period j ,  and F- is the food intake in grams A D W  per
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m 2 per day o f all weight classes together in the period^ ’. A  representa­
tive period  is defined by consecutive m idpo in ts  between sam pling  
dates; and the food demands, prey com position  and water tem perature  
at the sam pling  date inc luded w ith in  the period  is supposed to reflect 
the average s itua tion  over this tim e span ( d f . V l a s , 1979).

ƒ■’  was calculated on the basis o f  a  sligh tly  s im p lified  fo rm u la  o f d e  

V las(1979), w hich substitutes 7 3C by W, where L  is length, C is a con­
d it io n  factor and W  is the fresh weight o f  the fish:

F  = £  0.17 d  {2  (W , -  W X , p ~ x + 0.02 8-2017/}
j  , _ i i — , / ij  r j  >j ’

w here n is the num be r o f w eight classes, dt is the density per m 2 o f 
w eight class i, W -  is the fresh weight in g o f weight class i  at the sam­
p lin g  date in  period j ,  (14^ -  W ¡)if is the d ifference in  com puted fresh 
weights in  g o f  weight class i  between start and end o f  the representative 
period j ,  7 ’ is the w ater tem perature  in °C  at the sam p ling  date in 
period  j ,  and 0.17 is the assumed ra tio  between ash-free d ry  and wet 
w eight o f  the food.

The  co n tr ib u tio n  o f the d iffe ren t food species was estimated on the 
basis o f the stomach contents and the calculated food demands o f the 
plaice and flounder popula tion .

T he  tota l num ber o f  fish, the density o f fish per m 2 and the 95%  
confidence lim its  were estimated by the m ethod o f s tra tified  (random )

T A B L F .  i

Age composition of plaice and flounder population during 1980 and 1981. Data for 1980
are from V ernij (1983).

Year
class

Piaice Flounder

Feb.-July ¡980  

Number %

July-Dee. ¡981  

Number %

Feb. July 1980 

Number %

July-Dee. 1981 

Number %

1981 _ - 33 9.4 - - - _

1980 - - 30 8.6 - - 4 7.4
1979 118 80.8 281 80.3 33 43.4 42 77.8
1978 18 12.3 5 1.4 27 35.5 8 14.8
1977 6 4.1 - _ 7 9.2 - -

1976 2 1.4 - - 5 6.6 - -

1975 - - - - 3 4.0 - -

1974 1 0.7 - - 1 1.3 - -

1973 1 0.7 - - - - - -

1972 - - 1 0.3 - - - -

Total 146 100 350 100 76 100 54 100
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sam pling  ( S a m p f o r d , 1962; C o c h r a n , 1963). T he  consum ption  and its 
confidence lim its  were calculated from  the density and its confidence 
lim its  by means o f the above fo rm u la .

3. R E S U L T S

3 1. P O P U L A T I O N  D Y N A M I C S  A N D  G R O W T H  R A T E S  

3 1. 1. P I. A I C F.

A t the end o f the year 1979, d u rin g  w hich the Brouwerssluice (F ig . 1) 
was operative almost constantly, the length-frequency d is tr ib u tio n  o f 
plaice was ra ther d is junct {F ig . 2a). A lm ost 80%  o f the popu la tion  was 
sm aller than 25 cm. T he  rem a in ing  20%  were large plaice o f  30 to 45 
cm, presum ably representing survivors o f  the popu la tion  landlocked in 
1971 and the anim als released in  the years 1975 to 1978. Since d u rin g  
the firs t h a lf o f  1980 plaice popu la tion  consisted o f the year class 1979 
(81% ) and o f  1978 (12%), whereas nearly  a ll o lder plaice had vanished 
at tha t tim e  (Table 1), the m a jo rity  o f the anim als sm aller than 20 cm 
must have belonged to the year class 1979.

U p  to J u ly  1980 no O -g ro up  plaice were caught. No age com position  
has been determ ined fo r the second h a lf o f 1980, bu t the share o f  O - 
g roup animals in  1980 has been m uch sm aller than in  the previous year 
(F ig. 2b). In  1981, 80%  o f the popu la tion  s till belonged to the year class 
1979 (Table I; Fig. 2c); O - and T g ro u p  anim als made up  on ly 18% o f 
the tota l popu la tion , w hich is the reverse o f the norm a l s itua tion  in  open 
estuaries.

T A B L  F- 2

Length and fresh weighl of plaice and flounder from the dominant year class 1979 in 
September/October 1981 and December 1981, respec tively Num ber of fish is shown in

brackets.

Length in cm Weight in g

mean s.d. mnge mean s.d. range

Plaice
Cr or (39) 27.7 4.1 t8.9 -39 .5 239.4 99.9 74-498
9 9 (36) 29.7 4.5 19.6-38.7 326.9 167.9 70-725

Total (75) 28.7 4.4 18.9-39.5 281.4 142.8 70-725

Flounder
cr cr (19) 26.4 3.1 18.0-31.2 215.6 78.5 49-358
9 9 (21) 26.3 3.4 19.3-32.5 223.9 96.0 82-475

Total (+0) 26.3 3.2 18.0-32.5 220.0 87.3 49-475
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Fig. 2. Length-frequency distribution of plaice in: a. 1979, b. 1980 and c. 1981. In  1981, 
only part of the animals were aged.
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T he  grow th rate of year class 1979 pla ice was high. In  spring 1980 the 
average length was 14 cm and at the end o f the ir th ird  g row ing  season, 
in  au tum n 1981, they measured on average 28.7 cm , females being 
about 2 cm  longer than males (Table 2). A fte r  the firs t g row ing  season 
the 1981 plaice had reached a mean length o f 13,0 ± 2.0 cm and a mean 
fresh weight o f 27.4 g. D u r in g  M ay  to N ovem ber length grow th could 
be described better by a second degree polynom e than by the Von Ber- 
ta lan ffy  expression (F ig. 3). (A cco rd ing  to A. RijNSDORp(personal com ­
m un ica tion ) the larvae entered the lake at a length o f  about 12,1 m m  
before A p r il  1, the date the sluice was closed).

T he  instantaneous growth rate ( G) fo r plaice Ín 1980 and 1981 was 
0.0035 and 0.0043, respectively (Table 3). In  general, grow th fo r com ­
parable weight classes was be tte r in  1981 than in 1980.

T he  male to female ra tio  in  the catches was nearly one (1.02; 
N  = 95).

in  spite o f  the closed sluice, the estimated popu la tion  size o f plaice in ­
creased in  1980 and reached a m ax im um  in August (Table 4). U n t il  O c ­
tober, however, the area deeper than 15 m  had not been fished. T he  1981 
data suggest that up to  A p r il the num bers in  this deep area were

Total length I cm )

14.

12.

10.

-1345 + 0163*  -  000025 k 2

P < 0001

21/10 2/12

150 200 300 350

Fig. 3. Length growth ol'O-group plaice in 1981. Simulated monthly values according 
to Ko n o s (1979) are indicated (A).
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T A B L E  3
Computed mean length (L  in rm ), fresh weight (VV in g) and instantaneous growth rate 
(G  = (At) In | "*) o f plaice and flounder, excluding year class 1981, during

1980 and 1981.

15-4-1980 15-10-1980 Weight class 15-4-1981 15-10-1981

L  W L W G L W L W G

Plaice 
12.7 21.5 16.8 46.5 0.0042 Light 17.3 46.2 22.2 108.4 0.0047
17.8 55.4 21.4 98.7 0.0032 M edium 21.1 87.2 27.1 212 4 0.0049
23.0 113.6 27.6 219.0 0.0036 Heavy 26.4 180.8 32.0 367.9 0.0039
18.7 63.5 22.9 121.4 0.0035 all ind. 22.3 104.8 27.8 229.6 0,0043

Flounde 
19.9 92.9

r
24.5 155.6 0.0028 all ind. 24.0 144.1 26.6 216.3 0.0022

underestim ated. Besides, gear effic iency is generally greater d u r in g  the 
summ er, p a rticu la rly  in August (see C hap te r 4). The re fo re  the popu la ­
tion  size was estimated by averaging the M ay, June, J u ly  and 
Septem ber values, leading to a to ta l o f 1.3 (95%  confidence in terva l 
0.9-1.7) and 0.6 (0.5-0.8) m illio n  ind iv idua ls  fo r 1980 and 1981, respect­
ively (Table 4). A  very s im ila r estimate o f  the 1981 stock size was o b ta in ­
ed on the basis o f  three s tra tified  random  sum m er surveys (Table 5).

In  both years the highest density o f  plaice was observed below the 5 
m  depth contour, w h ile  the fish almost com plete ly avoided the litto ra l 
zone (Tables 4 and 5).

O n ly  in  Septem ber 1981 su ffic ien t O -g ro up  plaice were caught to 
make a stock estimate. A t that tim e about 0.2 m illio n  ind iv idua ls  were 
present. In  o rde r to calculate to ta l annual food consum ption , the same 
m o rta lity  r a t e Z  = ( A f ) " 1 In n l -n2 ~l w hich Z ijlstra et al. (1982) o b ta in ­
ed fo r juven ile  W adden Sea plaice o f 0.023 d 1 fo r “ settlers”  (A p r il-  
M ay) and 0.0049 d " 1 fo r “ post-settlers”  (June-Septem ber) has been 
used. T hus  th e ir num bers should have decreased from  about 1.4 m illio n  
on A p r il 1 to about 0.3 m illio n  on June  1.

3.1.2. F L O U N D E R

A t the end o f 1979, the m ax im um  length o f flounders am ounted to 34 
cm (F ig . 4a). A  d is tinc t cohort o f an im als w ith  a length o f  6 to 15 cm can 
be d istingu ished in  the size-frequency d is tr ib u tio n . T he  Bounders o f 
th is cohort had a mean length o f — 11 cm and are presumed to belong 
to the year class 1979. O to lith  samples from  spring  1980 confirm ed  that 
43%  o f the popu la tion  belonged to the year class 1979 and 36%  to 1978
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T A B L F .  4

Absolute number (N )  of plaice and flounder per month obtained by stratified sampling. 
The contribution of the extra hauls (below 15 m) to the mean number in the area deeper 
than 5 m is shown in brackets. An average population size, with its 95% confidence in 

terval, has been assessed over May, June, July and September.

Period Plaice (N  per stratum IO 3)  Flounder (N  per stratum IO 3)

0-2  m 2 5  m > 5  m Total 0-2  m 2-5 m > 5  m Total
43 km2 27  km2 38 km2 108 km2 43 km2 27  km2 38 km2 108 km2

1979
Oct. 0 73 695 768 50 122 160 332
Nov 0 24 160 184 43 149 790 982
Dec. 0 0 65 65 0 49 0 49

198(1
Jan. 0 0 30 30 43 24 190 257
Feb. 0 0 255 255 0 0 125 125
March 0 0 65 65 0 49 160 209
A pril 79 173 410 662 244 49 160 453
M ay 79 221 665 965 609 49 95 753
June 244 367 790 1401 487 97 95 679
July 43 294 950 1287 244 73 190 507
August 0 270 2405 2675 43 319 505 867
Sept. 43 367 1075 1485 43 197 540 780
Oct. 57 327 167 551 29 181 338 548
Nov. 0 62 255 317 0 22 160 182

(597) (659) (137) (159)
Dec. 0 41 380 421 0 167 315 482

(707) (748) (490) (657)

Tota l num ber assessed *  1.3 IO6 (0 .9  - 1.7-IO6) =  0.7-106 (0.5 -  0 .9-IO 6)

1981
Jan. 0 0 125 125 79 4! 125 245

(163) (163) (110) (230)
Feb. 0 208 380 588 0 41 255 296

(650) (858) (380) (421)
March 0 0 285 285 43 0 380 423

(802) (802) (486) (529)
April 0 103 160 263 43 41 30 114

(695) (798) (106) (190)
M ay 29 62 300 391 50 41 15 106

(365) (456) (15) (106)
June 36 262 486 784 72 41 118 231

(524) (822) (118) (231)
July 0 62 445 507 50 22 30 102

(395) (457) (42) (114)

Total number assessed * 0 . 6 1 0 6 (0.5 - 0 .8 1 0 6) * 0 .2  IO6 (0.1 -  0 .2 'IO 6)
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Fig. 4. Length-frequency distribution of flounder in: a. 1979, b. 1980 and c. 1981. The  
animals were also aged in 1981.
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T A B L F .  S

Assessment of the absolute number (N )  of plaice anti flounder, excluding the O-group, 
based on the data o f three stratified random surveys during July to September 1981. In 

brackets are the number of hauls.

Depth
zone
(m)

Area Plaice Flounder

(km2)  A 10000 m - - .9.5% Con), limits JV 10000 m - 95% Con) limits

> 1 5 11 (28) 164.3 49.6-543.7 35.7 13.3-95.9
5-15 27 (58) 117.8 56.3-246.5 13.5 8.0-22.6
2- 5 27 (60) 38.2 19.6- 74.5 24.9 13.1-47.2
0- 2 43 (57) 0 3.6 2.7- 4.8

Total 108(203) 55.7 42.4- 73.2 14.7 11.4-18.8

Total number assessei:!=*().6- IO1s (0.5 -  0 .8 -10fi) = 0.2- IO6 (0.1 -  0 .2 -10s)

(Table 1). A t the end o f 1980, the popu la tion  was dom ina ted  (68% ) by 
fish o f 15 to 22 cm. A n im a ls  sm aller than 15 cm were to ta lly  absent (F ig. 
4b). D u r in g  a u tum n  1981, 78%  oi the flounder popu la tion  belonged to 
the year class 1979, now being fish o f  18 to 33 cm long. O n ly  7% o f the 
fish was one year old, w h ile  O -g ro up  anim als were not observed at a ll 
(Table 1; Fig. 4c).

In  spring  1980, the flounders o f  the 1979 year class were about 13.5 
cm  ( V e r n i j , 1983) and at the end o f  1981 they had reached an average 
length o f 26.3 cm, males and females being about the same size (Table 
2). Hence, grow th rates in the year class 1979 flounde r were exception­
a lly  high. Total instantaneous grow th rate w ith in  the flounder popu la ­
tio n  was somewhat h igher in  1980 than in 1981, i.e. 0.0028 and 0.0022, 
respectively (Table 3).

As w ith  plaice, in 1980 the estimated num ber o f  flounders appeared 
to be low d u r in g  spring  and autum n, and h igh d u r in g  sum m er (Table
4). However, d u r in g  M ay to Septem ber the popu la tion  size was fa ir ly  
stable. D u r in g  that period the stock o f 1980 and 1981 was assessed at 0.7 
(0.5-0.9) and 0.2 (0.1-0.2) m illio n  ind iv idua ls , respectively (Tables 4 and
5). C o n tra ry  to plaice, flounde r was m ore equally d iv ided  over the suc­
cessive depth zones d u rin g  summer.

3.2. D I E T  A N D  A N N U A L  F O O D  C O N S U M P T I O N

3.2. 1. P L A I C E

Polychaetes strong ly dom inated  in the diet o f plaice in both years (Table
6). In  1980, lugworms/lriTHco/a marina (whole  anim als as well as ta il tips)
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TABLE 6
Specified and total consumption by plaice (exluding year class 1981) and flounder in 
1980 and 1981, in mg ash-free dry weight per m 2 per year. The data are means for the 

total surface of Lake Grcvelingen (108 kin2).

Prey Plaice Flounder

1980 1981 1980 1981

Polychaeta 923 806 416 232
Arenicola marina 401 683 165 215 222 413 48 116
Arenicola tail tips 282 50 191 68
Nephtys hombergii 140 150 - 24
Pectinaria koreni 33 6 - -
Tharyx marioni 22 68 - -
Nereidae 4 217 1 70
Capitellidae 2 70 1 4
O ther Polychaeta 39 80 1 18

Mollusca 196 198 8 72
Mya arenaria - 57 35 i n -

t t 30 art
Mya siphons 57 5

t U
5

J
10

T U

Venerupis pullastra 89 90 51 71 1 1 - 4
Venerupis siphons 1 20 - 4
Cerastoderma sp. 22 36 '17 - -
Cerastoderma siphons 1

Í  J 1 j  /
- 3

j

Hydrobia ulvae 14 5 - -
Nassarius reticulatus - - 1 25
O ther Mollusca 12 45 I -

Crustacea 470 241 462 63
Crangon crangon 304 213 282 51
Carcinus maenas 159 20 165 2
Praunus flexuosus 1 - 2 5
O ther Crustacea 6 8 13 5

O ther species 95 163 250 74
Pomatoschistus sp. 28 57 207 23
Fish eggs - - 42 29
Actinothoe anguicoma 51 35 - -
Rest 16 71 1 22

Total 1684 1408 1136 441

were favoured, w h ile  in 1981 the consum ption  o f  Nereidae (m a in ly  
Nereis virens and to a lesser extent N. diversicolor) and C ap ite llidae  (m a in ­
ly  Capitella capitata) had s trong ly increased. Nephtys hombergii was im p o r­
tant in both years. T he  co n tr ib u tio n  o f  b iva lve spat and sm all molluscs 
rem ained constant. Regenerating parts o f  molluscs, such as siphons 
and m antle  edges, were less im p o rta n t than in the case o f  polychaetes.
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Crustaceans, p a rticu la rly  Crangon crangon and Carcinus maenas, were 
m ore  heavily  preyed upon in  1980 than in  1981.

Polychaetes and crustaceans were eaten th roughou t the whole year, 
w h ile  predation  on molluscs was restricted to the sum m er period  (F ig .
5). In  plaice stomachs collected d u r in g  the w in te r, m ore fish, m a in ly  
Pomatoschistus minutus, were found  than in  the rest o f the year. However, 
as a consequence o f the low m etabo lic rate in  w in te r, overall fish con­
sum ption  d u r in g  the year was re la tive ly  sm all (Table 6). T h e  abrup t 
depressions in  the polychaete consum ption  d u r in g  sum m er m igh t be 
related to short periods o f  low oxygen concentrations near the bo ttom , 
d u r in g  w hich polychaetes may have been inactive. D u r in g  these in te r­
rup tions  the plaice sh ifted to molluscs, whose v u ln e ra b ility  to plaice is 
independent o f th e ir activ ity.

mg AD W m * (Jay '

¿0 .

20.

1 0 .

50.

1981

Hi*. 5. Total daily food intake o f plaice population in 1980 and 1981 (excluding year 
class 1981). T he  share of polychaetes, molluscs, crustaceans and fish is indicated.
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In  the 3 d istingu ished w eight classes, the consum ption o f  the 
“ heavy”  plaice was about 1.6 and 3 times tha t o f the “ m ed ium ”  and 
“ l ig h t”  ones, respectively (Table 7). T he  same p ro p o rtio n  can be found 
in  the consum ption  o f  the m ain  prey species. O n ly  Arenicola marina, 
com plete anim als as well as ta il tips, and Pomatoschistus sp. were eaten 
s ign ifican tly  m ore by la rger plaice. O n  the o ther hand, the sm all po ly ­
chaete Tharyx marioni was preyed upon m uch m ore by sm aller plaice, 
w h ile  Cerastoderma sp. was p a rticu la rly  p re ferred  by m ed ium  sized 
plaice. In  th e ir firs t h a lf year o f life  the O -g ro up  plaice o f 1981 fed pre­
d o m in a n tly  on harpactico id  copepods, w h ile  those greater than about 6 
cm  fed upon sm all molluscs and polychaetes.

In  spite o f a ha lv ing  o f the o lder plaice stock, consum ption  in 1981 
was hard ly  lower than in  1980, 1.41 (95%  confidence in te rva l 1.11-1.85) 
and 1.68 (1.18-2.19) g A D W -m ~ 2-a _1, respectively (Table 6). W ith  an 
estim ated uptake o f 0.06 g by the O -group , the consum ption  by the tota l 
stock in 1981 should have am ounted to 1.47 g -m _2-a _ l.

3,2.2. F L O U N D E R

In  both  years, polychaetes and p a rticu la rly  Arenicola marina ( in c lu d in g  
ta il tips), were an im portan t food source (Table 6). However, in  1981 the 
consum ption  o f Arenicola decreased, whereas tha t o f o ther polychaetes, 
m a in ly  Nereis virens and Nephtys hombergii, increased. M olluscs were 
h a rd ly  eaten by flounders. In  1980 crustaceans were as im p o rta n t in the 
d ie t as polychaetes. Crangon crangon and small Carcinus maenas were par-

T A B L E  7

M ain  prey species and total consumption by the three distinguished weight classes of 
plaice in 1981, in mg ash-free dry weight per m 2 per year.

Prey H right class

Light Medium Heavy Total

Arenicola marina 1 22 192 215
Nephtys hombergii 43 41 66 150
Tharyx marioni 46 17 5 68
Nereidae 41 86 90 217
Capitellidae 6 32 32 70
Venerupis pullastra 10 23 38 71
Cerastoderma sp. 7 25 5 37
Crangon crangon 26 72 115 213
Pomatoschistus sp. 0 22 35 57
Rest 66 99 145 310

Total 246 439 723 1408
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t ic u la rly  favoured. C onsum p tion  o f crustaceans decreased considerably 
in 1981 and C. maenas was alm ost absent in  flo un de r stomachs w hich 
may be a ttr ib u ted  to an almost complete absence o f sm all crabs ( < 2 0  
m m  m ax im um  carapace w id th ) in  Lake G reve lingen in  1981 ( L a m b e c k  

&  W e s s e l ,  1983), In  plaice a s im ila r reduction  in crab consum ption  was 
observed (Table 6). D u r in g  w inter, flounde r also consumed small fish, 
i.e. com m on goby Pomatoschistus microps and sand goby P. minutus. Egg 
clum ps o f the b u ll-ro u t Myoxocephalus scorpius were found  in a num be r o f  
stomachs.

A n n u a l consum ption  o f the flo un de r popu la tion  d u r in g  1980 and 1981 
is estimated at 1.14 (0.80-1.45) and 0.44 (0.21-0.44) g A D W m _2-a _1, 
respectively (Table 6).

4. D IS C U S S IO N

A lth o u g h  d u rin g  the period  M a rch  to O ctober 1980 the saline Lake 
G revelingen was an alm ost closed system, traw l catches o f plaice and 
flounder increased in the course o f the year to a m ax im um  in  August. 
The increase in  sp ring  and the decrease in  au tum n  m igh t be caused by 
a m ig ra tio n  o f fish from  and towards the area deeper than 15 m w hich 
had not been fished u n til O ctober 1980. W hen there is an aggregation 
o ff is h  in deep water on ly d u r in g  the co lder part o f  the year, the surveys 
should give appropria te  estimates o f  the popu la tion  size d u r in g  the rest 
o f  the year, as is ind icated  by the 1981 data.

A n o the r bias m igh t be in troduced by seasonal differences in gear e ffi­
ciency. P re lim in a ry  results o f  experim enta l w ork po in t to low e ffic ien ­
cies d u rin g  sp ring  and au tum n, and h igh ones d u rin g  summer. R i l e y  

&  C o r l e t t ( 1 9 6 6 )  found a variab le  e ffic iency in ca tch ing  ju ve n ile  plaice 
w ith  a 4 m beam traw l increasing from  33%  in M a rc h  to 57% in 
August-Septem ber. In  most studies, however, a constant gear e ffic iency 
is assumed, at least w ith in  the same size class (e.g. E d w a r d s  &  S t e e l e ,  

1968; K u i p e r s ,  1975, 1977).
The  a c tiv ity  o f  plaice w ill affect th e ir  a b ility  to be caught. D u r in g  4 

s tra tified  random  sam pling  surveys between J u ly  and Septem ber 1981 
the to ta l n um be r o f  o lde r plaice, estimated on basis o f  a gear e ffic iency 
o f  20%, was 0.60, 1.59, 0.68 and 0.52 m illio n  ind iv idua ls , respectively. 
D u r in g  the second survey on 10 and 11 August, w h ich  followed a period 
o f  several sunny and windless days, nearly a ll plaice had em pty 
stomachs. T h is  m igh t ind icate  that oxygen concentra tions have been 
very low near the bottom  in  the deeper parts o f  the lake, as was also 
dem onstrated by L in d e b o o m  &  S a n d e r  (1984) under s im ila r weather 
cond itions in  1982. Lack o f oxygen is like ly  to  result in  a passive (n o n ­
feeding) and m ore ep ibenth ic  way o f  life  o f the fish. Because o f the 2 to
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3 times larger catches d u r in g  that survey, these data have been excluded 
fro m  the stock assessment.

A lth o u g h  larger flounders were regu la rly  observed in  shallow water, 
few were actua lly  caught. T h is  points to a low effic iency o f  the 1.9 m 
beam traw l fo r ca tch ing larger specimens. Hence, in the 0 to 2 m depth 
zone the n um be r o f flounders m ig h t have been underestim ated.

Based on the W adden Sea data o f  Ziji.STRAei al. (1982), a m on th ly  m o r­
ta lity  rate o f  15% fo r O -g ro up  plaice d u r in g  June  to Septem ber was 
assumed fo r the G revelingen w hich is ra the r low in com parison w ith  
m orta lities  observed in  B ritis h  bays rang ing  from  17 to 70% w ith  a 
mean value o f 45%  ( R ilf.y & C o r l e t t , 1966; M a c e r , 1967; E d w a r d s  
&  St e e l e , 1968; St e e l e &  E d w a r d s , 1970; B a n n i s t e r ^ al. , 1974; Pox- 
TON et a l., 1982). H ig h  m o rta lity  rates are a ttr ib u te d  almost e n tire ly  to 
predators ( K uipers, 1977). In  Lake G revelingen few piscivorous fish 
are present. In  1980 and 1981 no rem ains o f  young plaice were found in  
the approx im a te ly  1000 stomachs o f  plaice and flounde r examined. 
A lso  in  the less frequen tly  sampled stomachs o f dab Limanda limanda, 
b u ll- rou t Myoxocephalus scorpius, eel Anguilla anguilla, tu rb o t Scophthalmus 
maximus and b r i l l  S. rhombus no rem ains o f O -g ro up  plaice were traced. 
O n  the o ther hand, d u r in g  J u ly  to O ctober about 500 to 800 co r­
m orants Phalacrocorax carbo are fo rag ing  on the lake w hich could  eat 
sm all fla tfish.

B row n shrim ps Crangon crangon are know n to prey on young plaice 
( <  30 m m ) and even the shore crab Carcinus maenas Ís a potentia l preda­
to r (Be r g m a n  et a l., 1976). Crabs are ra the r com m on in  the lake, while  
shrim ps are less abundant, com pared to the W adden Sea ( R .D .H . L a m - 
b e c k , personal com m un ica tion).

C om pared to  o ther areas the grow th o f O -g roup  G revelingen plaice is 
very fast. O n  the Balgzand (D u tch  W adden Sea) the mean length at the 
end o f the firs t g row ing  season d u r in g  1972 to 1975 varied from  8 to II 
cm  ( K uipers, 1977), Values ranged from  6 to 8 cm in B ritish  bays 
( M a c e r , 1967; St e e l e &  E d w a r d s , 1970). O n ly  the juven iles o ff the 
Belgian coast (9 to 12 cm ) approach the size o f those in  the G revelingen 
(d e C l e r c k , 1978, 1980, 1981).

Z ijlstra et al. (1982) dem onstrated tha t the observed grow th of O - 
group pla ice between June  and September in  the D u tch  W adden Sea 
and in  several B ritish  bays could  be sim ulated effectively by the ex­
perim enta l m odel of Fo n d s  (1979) in w hich under an u n lim ite d  food 
supp ly grow th appeared to be a fu nc tio n  o f  the am bient w ater tem pera­
ture. In  Lake G revelingen, where sum m er tem peratures are high (up  to 
20°C ), the data fo r year class 1981 fit this model very well (F ig. 3). T h is
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also im plies that in the lake, g row th m ust be regarded as non-food- 
lim ite d .

G row th  before June  is presum ably favoured by the lower densities 
and a h igher water tem perature  as com pared to the western W adden 
Sea(ç/! ZljLSTR Aéta l., 1982). In  add ition , on ly  the earliest a rr iv in g  la r­
vae could  have succeeded in  en te ring  the lake before the closing o f the 
sluice on A p r il  1, w hich m igh t have given the G reve lingen O -g ro up  a 
length advantage.

G row th  in o lde r plaice was also exceptionally fast. In  O ctober 1981, 
males and females o f  the year class 1979 caught in  the N orth  Sea along 
the D u tch  coast had a mean length o f 25.1 and 25.2 cm , respectively (A . 
R ijnsdorp, personal com m un ica tion). T h is  is 2.6 and 4.5 cm shorter 
than G revelingen plaice o f  the same year class at the same time.

In  the s im ila r ly  enclosed Lake Veere, V a a s (1 9 7 0 )  also observed a fast 
grow th in O - and I-g roup  plaice. As fish grew older, the rate o f  g row th 
there, however, slowed clown and the size at the same age became less 
than plaice found in  the Southern B ight.

T he  popu la tion  size o f  plaice and flounder in 1980 and 1981 cannot be 
com pared d irec tly  to previous years because no estimates o f  stock size 
have been published so far. S till, based on catch data from  Stf.i n m e t z 
&  S i jO T H O u w e r ( 1 9 7 9 )  and \ ;AAS(unpublished), an a ttem pt was made to 
reconstruct the size o f the plaice stock d u rin g  1971 to 1978 (F ig . 6). In 
both data sets on ly waters deeper than 5 m have been fished w ith  a 3 m 
beam traw l w ith o u t any tick le r chain. I f  it is assumed that ever since 
au tum n  1972 all plaice stayed in the area deeper than 5 m (38 km 2) and 
that the gear e ffic iency was 10%, the extrapolated popu la tion  size in 
Septem ber 1971, the year o f enclosure, should have am ounted to about 
14 m illio n  fish (F ig . 6) o f w h ich  accord ing to St e i n m e t z &  S l o t h o u w e r  
(1979) 75% belonged to  the year class 1971. T h is  num ber, im p ly in g  an 
average density o f  0.13 ind iv idua ls -m  may be regarded as an esti­
mate o f the fo rm e r es tu ari ne stock. A lthough  the present density m igh t 
be raised to some extent by a m ore app ropria te  sluice m anagem ent, e.g. 
when focussed on the im m ig ra tio n  o f  larvae and one year o ld  fish d u r ­
ing  February to M ay  and on the retention o f  the fish in au tum n and ear­
ly  w in te r, tota l stock size can o n ly  reach a frac tion  o f the estuarine stock.

From  the data (F ig . 6) an overall m o rta lity  rate Z o f 0.0011 per day fo r 
o lde r plaice has been calculated. A ssum ing a s im ila r m orta lity , the 
“ loss" o f plaice w ith in  one year would  lie w ith in  the range o f the 95% 
confidence lim its  o f the estimated popu la tion  num bers fo r both years. 
Hence, m o rta lity  was ignored in the ca lcu lations w hich im plies that the 
da ily  food intake o f the plaice popu la tion  (F ig . 5) has been underesti­
mated somewhat d u r in g  sp ring  and overestimated d u rin g  au tum n.
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Fig. 6. Num ber of plaice caught per 100 minute trawling interval in the deeper parts 
( > 5  m) of Lake Grevelingen during 1972-1979, based on St e i n m e t z  &  S i j o t h o u w e r , 
1979 (O ) and unpublished data of the Delta Institute ( • ) .  By means of the computed 
regression, the stock size over the successive years has been reconstructed (see context).

In  the fo rm e r G revelingen estuary, W o l f f  i f  al. (1981) observed flounder 
feeding in  the upper as well as the lower parts o f die in te rtid a l flats w hile  
plaice were seen on ly  in  the la tte r area. T hey considered th is difference 
as a mechanism  to reduce com petition  fo r food. Even in the stagnant 
lake a s im ila r d ifference in d is tr ib u tio n  exists. T he  food com petition
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hypothesis seems to be confirm ed  by the almost s im ila r lood spectra o f  
plaice and flounder in both years. A cco rd ing  to R .H .P . LAMBECK(per- 
sonal com m un ica tion ) the average biomass o f Arenicola marina. Nephtys 
hombergii and Nereidae am ounts to about 3 g, 0.5 g and 0.3 g 
A D W -m '2, respectively, w h ich  exceeds the assessed annual consum p­
tio n  o f  plaice and flo un de r popula tions 2 to 10 times. T h e  increase in  
density  o f  Nereis virens in the lake coincides w ith  a much h igher con­
sum ption  in 1981 than in  1980. O n  the o ther hand, the lack o f  b iva lve 
spat in both years may be responsible fo r the re la tive ly  low m ollusc 
predation.

As the water is usually well m ixed in the lake, a sa lin ity -de te rm ined  
d is tr ib u tio n  o f  flounde r as assumed by R i l e y i  al. (1981) does not hold.

C ons ide ring  the food and feeding habits o f  fla tfish , d e  G r o o t  (1971) 
classified plaice as a polychaete-m ollusc feeder and flounde r as a crusta­
cean feeder. T h is  is m ore o r less confirm ed  by o u r data, a lthough Ín 
Lake G reve lingen the plaice consumed s ligh tly  m ore crustaceans than 
molluscs and flo un de r also ate a considerable am oun t o f  polychaetes, 
p a rtic u la rly  in 1981. O n  the Balgzand area, d e  V l a s  (1979) also observ­
ed that polychaetes (like  Arenicola marina, Pygospio elegans, Tharyx marioni, 
Nephtys hombergii and Heteromastus filiformes) fo rm ed the m ain  part o f  the 
plaice (57% ) and flounder (54% ) diets, percentages that are very 
s im ila r to those in the G reve lingen. In  Red W h a rf Bay (Wales), I-g ro up  
plaice consumed m a in ly  polychaetes (e.g. Nephtys sp. and Phyllodoce sp.) 
and to a lesser extent crustaceans (p red om ina n tly  the am phipod 
Ampelisca sp.) and molluscs ( M a c e r , 1967). O n  the o the r hand, pla ice in 
Lake Veere fed p r im a r ily  on Corophium sp., w-hile bivalves like  Mya 
arenaria and Cerastoderma lamarcki and polychaetes such as Heteromastus 
filiformes  and Nereidae were o f less im portance ( V a a s , 1970). In add i­
tion , Corophium volutator was the m ain  prey item  fo r flounder on the u p ­
per m udfla ts o f the Y than estuary, w h ile  small polychaetes and 
oligochaetes were eaten on the softer m udfla ts in  the m idd le  region. 
Nereis diversicolor and Carcinus maenas were eaten on the mussel beds, 
w h ile  at the m outh  o f the estuary o lder flounde r preyed upon shoals o f 
clupeids ( S u m m e r s , 1980). In  general, however, there may also be a 
considerable d iffe ren tia tion  in d ie t from  one year to another, 
presum ably due to the a va ila b ility  of the prey species. In  G u llm a rsv ik  
bay (Sweden), P in t, (1982) observed I-  to IV -g ro u p  flo un de r to feed in 
1980 on polychaetes (e.g. Nereidae) and in 1979 m a in ly  on Mya arenaria, 
M ytilus edulis and Cerastoderma sp., co inc id ing  w ith  a 10 to 100 times 
h igher m ollusc spat clensity in 1979 than in 1980.

W 'ith  respect to annual food consum ption  by plaice and flounder 
populations, few com parab le  data are available. A t the Balgzand area, 
d e  V l a s  (1979) assessed an average food intake fo r plaice and flounde r
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oi’ 5.6 and 0.9 g A D W m  ~2 a _1, respectively. Accord ing  to W o l f f i  a i 
(1981), I l-g ro u p  plaice consumed about 0.5 to 1.5 g A D W  m " 2 on the 
in te rtida l flats o f the fo rm e r G revelingen estuary from  M arch  to M ay, 
fo r w hich a 3 to 4 times h igher annual consum ption  can be deduced. In 
G u llm arsv ik  bay the consum ption  by the flounder popu la tion  am oun t­
ed to about 0.5 g fresh w eight-m  2 a ' J, w hich w ill be nearly 0.09 g 
A D W  (P iH L , 1982).

5. S U M M A R Y

W ith in  the scope o f  a carbon budget study in the 108 km 2 saline Lake 
G revelingen, investigations on the plaice and flounder popu la tions 
were made d u rin g  O ctober 1979 to Decem ber 198!. Both populations 
were dom inated  by the 1979 year class that presum ably entered the lake 
as larvae in  the year the Brouwerssluice, w hich opens to the N o rth  Sea, 
was operative the whole year round.

Due to h igh sum m er tem peratures in  the lake, ju ve n ile  plaice (year 
class 1981) a tta ined  a mean length o f  13.0 cm and a fresh w eight o f  27.4 
g at the end o f  the ir first g row ing  season. A t the end o f th e ir th ird  year, 
year class 1979 males measured on average 27.7 cm and females 29.7 
cm, w hich  is about 3.5 cm m ore than plaice o f the same age in  the N orth  
Sea. F lounder reached a mean length o f  26.3 cm in 3 years.

'lo ta ! stock o f plaice, excluding  year class 1981, was estimated at an 
average o f 1.3 m illio n  over 1980 and at 0.6 m illio n  fish over 1981. For 
flounder these figures were 0.7 m illio n  and 0.2 m illio n  fish, respectively. 
In  September 1981 the num ber o f  O -g ro up  plaice was assessed at about
0.2 m illio n  ind iv idua ls .

A b o u t 56%  o f the plaice food consisted o f polychaetes, m a in ly  con­
sisting  o f  in 1980 Arenicola marina (41%) and in 1981 A marina (15%), 
Nereidae (15%) and Nephtys hombergii (11%). La rge r plaice consumed 
s ign ifican tly  m ore Arenicola and less Tharyx marioni than sm aller ones. 
Polychaetes and crustaceans were eaten the whole year round  while  the 
consum ption  o f molluscs was restricted to the sum m er period  and that 
o f  fish to au tum n and w in te r. In  1980 the flounder popu la tion  preyed 
p re do m in an tly  upon crustaceans (41%) and polychaetes (37% ), w ith  
Arenicola marina (36% ) and Crangon crangon (25% ) as the most im portan t 
species. In  1981 re la tive ly  m ore polychaetes (53% ) and less crustaceans 
(14% ) were eaten.

Total consum ption o f  plaice popula tion , exclud ing  year class 1981, in 
1980 and 1981 was estimated at 1.68 g and 1.41 g A D W - i n _ 2 a _1. A n ­
nual consum ption  o f O -g ro up  1981 plaice was assessed at about 0.06 g 
A D W . The corresponding consum ption  o f the flounder popu la tion  was 
1.14 g and 0.44 AD W , respectively.
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FAST GROWTH OF O-GROUP PLAICE 
(P leu ronectes  p la te ssa  L .)  IN LAKE GREVELINGEN

by

G. DOORNBOS, R.H. BOGAARDS 
and

P. DE KOEIJER

From an econom ical point of view the growth ra te  of com m ercial fish species is 
very im portant.

In The Netherlands the s tatutory minimum size of catchable plaice Pleuronectes  
platessa is 25 cm?'reached in the North Sea in 3-9 years. Factors as e.g. density, 
food supply, diseases, w ater tem perature e tc . can influence growth ra te , which 
may explain the rem arkable differences in average length reached by juvenile plaice  
at the end of their f irs t growing season (L .)  in the various nursery areas in n.w.
Europe (Table 5).

1982
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F ig . IS . G rowth of 0-group plaice, year classes 1981 and 1982, in Lake Grevelingen  
compared to the sim ulated increase in mean length according to Fonds (1979) (0 
= 1981; •  = 1982).

*  27 cm since 1984
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Table 5. D ifferences in mean to ta l body length (L |)  o f juvenile plaice a t the 

end of their firs t growing season in various nursery areas and years

Area Y ear Mean L j  (in cm) Reference

Red W harf Bay 1963 8 M ac e r, 1967
11 1 »  I» 1969 8 II It

M  I I  ■( 1965 6 II It

Loch Ewe 1965 7 Steele and Edwards, 1970
II 41 1966 7 it il ti II

Il II 1967 6 il il it II

Il II 1968 7 •i it ri 11

Balgzand 1972 8 Kuipers, 1977
It 1973 10 Il II

11 1979 10 11 11

II 1975 1 1
Il II

Belgian coast 1976 1 2 De C le rc k , 1978
Il II 1977 9 De C le rc k , 1980
tl II 1978 9 It 11 M

M  It 1979 1 2 De C le rc k , 1981

On the Balgzand (western Waddenzee) Z ijls tra  e t  o í. (1982) observed a negative  
corre la tion  between the abundance of post-larvae during settling  (m ainly in A pril 
and M ay) and the length of the fish on June 1st. H ow ever, a fte r  that date, monthly 
growth (A L) of juvenile plaice in the fie ld  could be described as a linear function  
of body length (L in cm ) and am bient w ater tem perature (T in °C ) , according to  
the em perica! model of Fonds (1979): A L = 0.12 T + 0.05 L -  0 .9. So during summer 
period growth was neither density-dependent nor lim ited  by feeding conditions.

The L . values in Lake Grevelingen for the year classes 1981 and 1982, 
respectively i3 .0  cm (range 7-17 cm ) and 19.5 cm (range 8-20  cm ), appeared to 
be the highest known for natural waters in n.w .’ Europe (Table 5). Only under a rt if ic ia l  
growing conditions, e.g. in sea w ate r mixed w ith  w arm  e fflu en t of the Hunterston  
nuclear power p lan t (Scotland), the L . of plaice became somewhat larger, nam ely  
15.3 cm (Bardach e t a l., 1972).

O ver the period M ay to Novem ber growth of 0-group Lake G revelingen plaice  
could be described b e tte r by a second degree polynome than by the von B erta lan ffy  
expression (F ig . 18). From  June through September the linear function of Fonds 
fits  alm ost just as w ell. This implies that the fast growth of juvenile plaice is p rim arily  
a result of the high w ater tem peratures in the lake during summer tim e (up to  20 C ), 
which are a consequence of the enclosing of the form er Grevelingen estuary in 
1971.

The increase in weight is more spectacular than the length growth, because 
of the length-w eight relationship W = a L , in which the exponent b has a value 
close to 3. A t the end of the ir firs t growing season 0-group Lake G revelingen plaice  
of year classes 1981 and 1982 had reached a mean fresh weight of 27.9 and 37.3 
g, respectively. Compared to the Wadden Sea the G revelingen plaice gained weight 
approxim ately three times as fast.

7 6
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A BSTRA C T

W ith in  th e  s co p e  o f a s tudy  o f th e  carbo n  bu dget 
o f the  108 km 2 s a lin e  Lake G reveling en , in ­
v es tig a tio n s  w ere  m ad e  on dens ity , m orta lity , 
g row th  a nd  food  c o n s u m p tio n  of the  m ain  gob iid  
fish d u ring  the  period  1980 to 1982.

In  A ugu st 1980 the  O -group o f Pomatoschistus 
minutus w as e s tim a te d  at 424  m illio n  ind iv id ua ls  
(on average  3.9 fishes  per m 2) w ith  a b io m as s  of 
203  tons FW . In 1981 and 1982 peak  n u m b ers  w ere  
less high. O -g roup  P. microps a c c o u n te d  fo r 282  
m illio n  in d iv id u a ls  (2.6 fis h e s  per m 2) and  133 
to n s  FW  in S e p te m b e r 1981. By fa r the  h ig h e s t  
d en s ity  w as  fou nd in the  0 to 0.6 m zone, 15 c o m ­
m on go b ies  per m 2 (7 g F W -m - 2 ). W ith  a pprox ­
im a te ly  5.1 m illio n  in d iv id ua ls  (13 tons FW ) 
Gobius niger w as m ost a b u n d a n t in 1982.

For a du lt G. niger a m onth ly  m o rta lity  of 2 7%  
w as e s tim a te d . M o rta lity  ra tes  in P. minutus and  
P, microps w ere  fou nd to be fa ir ly  c o n s ta n t over 
the  year. Th e  e s tim a te d  ra tes  of an n u al m o rta lily  
of 9 9 .9 %  ( -  4 6 %  per m onth ) and  9 9 .9 9 6 %  ( - 5 7 %  
per m onth ), respective ly , a p p e a r to be  m uch  
h ig h er th a n  recorded  for e s tu arin e  po pu lations . 
A p p ro x im a te ly  6 0 %  o f th e  d e c lin e  in num bers of 
d e m ers a l go b iid  fish  cou ld  be a cc o u n te d  fo r by 
the  p re d a tio n  of tw o sp ec ies  of f la tfis h  and  tw o  
s p e c ie s  of p isc ivorou s  birds.

Young of the  y ear of over 20 m m  to ta l leng th  of 
both  s p e c ie s  w ere  firs t c au g h t in June. A t th e  end  
of th e  firs t grow ing  season , the  average  leng th  
and w e ig h t o l P. microps w as 39 m m  a nd  0.6  g 
FW . In th e ir  seco nd  y ear they  a tta in e d  an average  
size  o f 51 m m . In O -group P, minutus, th e  1980 
and 1981 y ear c la s se s  reached  an  average  leng th  
of 45  m m  and  57  m m , respective ly . In th e ir  se ­
cond year, however, the  d iffe re n c e  d isa p p ea re d

and the  m ean  leng th  in bo th  c la s se s  ap p ro x ­
im a te d  62 m m . Juven ile  G. niger w ere  firs t cau g h t  
in A ugust at a leng th  of a p p ro x im a te ly  3.5 cm . 
They a tta in e d  an average size of 4 to  5 cm  in the  
firs t year, 8 to  8.5 cm  in the  seco nd  and  11 to  12.5  
cm  in the  th ird  year.

Th e  m ax im u m  p ro d u c tio n  of P. minutus and P. 
microps, a lth o u g h  reached  in a lte rn a te  years, 
a m o u n te d  to  1.1 g and  0 .8  g A D W -m  _2- a - l ,  
respective ly , o f w h ich  92  to 9 8 %  w as rea lized  
befo re  the  m o m en t the  m ax im u m  num bers (o l in ­
d iv id u a ls  la rger than  20 m m ) w ere  a c tu a lly  
c a u g h t (A ugu st/S ep tem ber).

In 1980, the  d iets  o f P. microps and P. minutus 
up to  a size  of ap p ro x im a te ly  40 m m  co n s is ted  
la rg e ly  of copepo da . W ith  in creas in g  leng th , they  
sw itched  to  la rg e r e p ib en th ic  c ru s ta c e an s . A n ­
n u a l food c o n s u m p tio n  for the  1980 P. minutus 
y ear c la s s  and  1981 P. microps yea r c la s s  w as  
e s tim a te d  at 1.95 g and 1.6 g A D W -m -2, res p e c ­
tively. The fo rm er spec ies  derived  91%  of its a n ­
n u a l food  d e m an d s  from  copepo da , and  in the  
la tte r  it w as  even 9 5% .

1. INTRODUCTION

The Grevelingen estuary was enclosed in 1971. 
W ith in the scope o f investigations on the carbon 
budget of the Lake Grevelingen ecosystem (cf. 
N ie n h u iS ,  1978a, 1978b), a 4-year study on the 
quantita tive  im portance of the fish fauna started 
at the end o f 1979. Reports on various aspects 
have been published elsewhere (e.g. D o o r n b o s ,  
1981,1982,1984,1985; D o o r n b o s  & T w i s k ,  1984). 
The present study assesses the role o f the main 
gobiid  fish species in the food web of the lake on 
the basis of density, growth and annual food con­
sumption.

'Communication no. 360 ol the Delta Institute for Hydrobiological Research, Yerseke, The Netherlands
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In the stagnant and saline lake. 5 species of 
Gobiidae have been recorded so far The 
transparent goby Aphia minuta and the painted 
goby Pom atoschistus pictus have been observed 
only Incidenta lly, the la tter only since 1979  
(D o o rn b o s . 1981). After the firs t record in 1976, 
the black goby Gobius niger has increased 
strongly. Dominant species, however, are the 
common goby P. microps and the sand goby P. 
minutus. These fishes propagate successfu lly  in 
the lake (V a as , 1979; D o o rn b o s , 1982) and con­
s titu te  an im portant food source for fish-eating 
b irds and fla tfish  (D o o rn b o s . 1984; D o o rn b o s  & 
T w is k , 1984).

Acknow ledgem ents,—This study is part of the 
ZOWEC pro ject (satine water ecology) financed 
by the former Delta Dienst of R ijkswaterstaat. 
We are much indebted to those who assisted In 
the fie ld  and in the laboratory, as well as to those 
who gave valuable advice and support. We 
especia lly want to  thank: W.J.L. Robër and P. de 
Koeljer of the research vessel ' Maris S te lla ", and 
Dr. A G . Vlasblom  and J.J. Guerand of the 
b iom athem atlca l department. R H  Bogaards 
assisted in the fie ld, while J.W. Francke worked 
out part of the data. Mrs M.J. van Leerdam-de 
Dreu did the typing and A.A. Boisius made the 
fina l drawings.

The research on the food of P. microps and P. 
minutus, and on the fish fauna in the litto ra l was 
done by the students A.K. Glazenburg, V Erenst 
and P.J.F. de Graaf, respectively. The procedure 
for estim ating food consum ption resulted from 
d iscussions w ith Dr. M. Fonds. R.H.D. Lambeck, 
and Dr. N. Daan gave comments on the firs t draft 
of the m anuscript

2. STUDY AREA, MATERIAL AND METHODS

2.1. STUDY AREA

Lake Grevelingen has a surface area of 108 km3 
and a mean water depth of 5.3 m, about 40% ol 
the area being less than 2 m deep. Maximum 
water depths of 48 m are found In the former tidal 
gu llies (Fig. 1). In the newly created lake, the 
ch lo rln ity  declined steadily, from more than 17 

Cl -  in 1971 to less than 13 %o C l~  in 1978. 
From December 1978 onwards, the chloride con­
centra tion  was stabilized at approxim ately 16 
°/w C I~ by exchanging lake water against North 
Sea water during w inter (mid-October through 
February). Only in 1979 was the Brouwerssluice

(capacity 100 1o 140 m3.s - ') operated the whole 
year round, Further details on hydrography and 
environm ental parameters are given by B a n n in k  
e f al. (1984).

2.2. SA M PLIN G

For 3 years (1980-1982), traw ling surveys in the 
deeper parts {> 2  m )o f the lake were carried out 
by the 18 m m.v. "M aris S te lla ”  equipped w ith a 
3 m beam trawl ( 6 x 6  mm mesh size in the cod- 
end) and covering, at standard speed, a swept 
area of 250 m3 per m inute, in the litto ra l 2 one a 
K u ip e rs ' (1975) 1.9 m beam traw l ( 5 x 5  mm mesh 
size), which covers 197 m3 per m inute, was used 
from the 6% m boat "R iekus" w ith outboard 
motor. The foot rope o f both nets was made 
heavier w ith an iron chain.

During 1980 and 1981. sampling trips were 
undertaken biweekly (weather perm itting), while 
in 1982 only 5 surveys were made. As both in 
1978 and 1979. stocks of eelgrass (Zostera 
marina). Chaetomorpha sp. and m ussels (Mytilus 
edulis) had been very abundant, 41 to 48 fixed 
sta tions on fishab le  positions, spread over 3 
depth strata: 0 to  2 m (43 km3), 2 to  5 m (27 km3) 
and deeper than 5 m (38 km3), were selected for 
the surveys. However, up to  October 1980, the 
area deeper than 20 m (3 km3) was not surveyed, 
while during the period November 1980 through 
June 1981 th is was done only incidentally (Fig, 1), 
Also because of the eelgrass and mussels, hauls 
o l only 2 and 2% m inutes were made w ith  the 3 
m and 19 m trawl, respectively.

From July 1981 onwards, a strong decline in 
eelgrass and mussels, however, allowed us to  
change towards a stra tified  random sampling 
scheme, which is more satis factory from a 
s ta tis tica l point of view. For that purpose, a 500 
X 500 m3 grid was drawn on the map of Lake 
Grevelingen. The more favourable fie ld  condition 
also allowed us to double the number of the 
hauls as well as the haul dura llon, Moreover, the 
gear e ffic iency was improved by using one 
tick le r chain in front of the foot rope. At the same 
tim e, the deep stratum  was split up into a 5 to  20 
m (35 km3) and a deeper than 20 m (3 km3) zone, 
since evidence had been obtained that part of 
the fish accumulated in the deepest section of 
the lake during winter.

Owing to the draught of the research vessels, 
the standard survey programme was restricted to 
the area deeper than 0.6 m. However, as P. 
microps appeared to  be abundant in the
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Fig, 1 , Map of Lake Grevelingen (SW Netherlands), showing the positions of the fixed sampling stations in the
strata 0 to 2 m (x x), 2 to 5 m (o o) and > 5  m ( • --------- • ) .  Incidentally fished stations are indicated by

interrupted lines. Depth contours are in metres, while the land areas and islands are hatched.

shallowest parts of the lake, additional in form a­
tion from the 0 to 0.6 m (18 km2) zone was ob ta in ­
ed biweekly on 16 selected locations from  June 
1981 onwards by towing the 1.9 m traw l by hand 
at a speed of approxim ately 0.7 m -s-1 , covering 
285 m2 per haul ( E r e n s t  &  d e  G r a a f ,  1983).

AM fish of each haul, or a subsample in case of 
large catches, were collected and frozen. In the 
laboratory, to ta l length was measured in 5 mm 
classes. The biomass value was calculated on 
the basis of estimated length-weight rela­
tionships.

Catches were converted into absolute den­
s ities by considering gear e ffic iencies fo r P. 
microps and P. m inutus , which were assessed in 
separate experiments (Table 1). Due to mesh 
selection, fishes sm aller than 20 mm were not 
caught quantita tive ly and, hence, were 
disregarded. In case of the 1.9 m trawl, e ffic ien ­
cies found in the 56 to 60 mm length class were 
supposed to  apply to larger individuals too (cf. 
Table 1). The e ffic iency values obtained for P. 
microps and P. minutus were assumed to apply

to Gobius niger too. The total number of fish for 
the whole lake and the 9 5 %  confidence lim its 
were estimated by means of standard methods 
for s tra tified  (random) sampling ( S a m p f o r d ,  
1962; C o c h r a n ,  1963).

2.3. ANA LYSIS  O F FO OD C O M PO SITIO N

Food com position was studied by analyzing the 
gut and stomach contents of P. microps and P. 
minutus caught in water deeper lhan 0,6 m dur­
ing the period August through November 1980 
only. The fishes were anaesthetized w ith MS 222 
to prevent regurg ita tion and preserved in 4% fo r­
malin, which hardly a ffects the lengths of the 
specimens (DE G r a a f ,  1979). In the taboratory, 
the fishes were divided in lo  5 mm size classes. 
The ingested macrofauna was identified  to the 
highest possible taxon and counted, while com ­
plete prey organisms were measured. No a t­
tempt was made to identify small prey such as 
Copepoda, Foraminifera and Ostracoda to the 
species level. In the case of fragmented animals,
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TABLE 1
Gear efficiencies by st2e class of the 1.9 m and 3 m 
beam trawl, respectively equipped with 0 (E0) and 1 
tickler chain (E,), for Pomatoschistus microps and P. 
minutus. (After D o o rn b o s  e f at., 1986). Between 
brackets the selectivity of the 1.9 m trawl when towed 

by hand (cl E h e n s t  & oe  G r a a f ,  1983).

1,9 m Beam Irami 3 m Beam trawl
Length (mm) ft, ( ‘/ ' I E, <%) B0 (% ) E ,i% )

21 25 19.2 26.4 (24.9) 12.5 15.7
26-30 24.0 36,1 (28.3) 22.7 36.8
31-35 24.1 36.5 (26.7) 28.5 5 48
3 640 22.2 32.2 (21.8) 32.8 73 0
41-45 19.9 27.7 (15.2) 34.2 80 5
46-50 17.3 22.8 ( 8 8 ) 34 7 83.3
51 55 14 1 17 6 ( 4.2) 35.0 84 a
56-60 10.4 12.1 ( 3.2) 35.0 85.0
61-65 35.0 85.0
66-70 35 0 8 50

counts were based on numbers o f some 
characteris tic  body segments.

Subsequently, the numbers of specimens of 
the most im portant prey species were converted 
in to  a corresponding ash-free dry weight (ADW). 
For that purpose, length-weight re lationships 
were established for the main eplbenth ic c rus ta ­
ceans (Table 2). From unpublished data of C. 
B a k k e r , a mean dry w eight (DW) o f 0.01 mg for 
copepods was derived, which was m ultip lied  by 
0.7 to obtain the corresponding ADW figure 
Foram inifera weighed on average also 0.01 mg 
DW (c f. G la z e n b u r g ,  1982).

2.4 . ESTIM ATION OF FO OD C O N SU M PTIO N

Food consumed by fish is used for m etabolism , 
maintenance of the body and for growth, while  
und lgestib le  parts are excreted ( E l l i o t t ,  1976; 
B r e t t  & g r o v e s , 1979).

When fish are kept at d iffe rent food rations 
and food intake is plotted against growth, a more 
or less linear relationship fo llows:

Growth = -  a + b x Food intake
or

Food Intake = m + c  x Growth

where a gives the weight loss of fasting  fish and 
m the maintenance food requirements to  avoid 
weight loss. The maintenance food intake is 
related to metabolism  (and therefore to the 
m etabolic weight of the fish) and to water tem ­
perature. The net food conversion factor b

TA B LE 2
Length-weight relationships of the main epibenlhlc 
crustaceans eaten by the larger goblld fish. Length (L) 
In mm and ash-free dry weight (W) in mg. After un­

published data of A. Fortuin 
Ipersonal communication).

Species Relationship

Praunus flexuosus 
Gammarus locusta 
Idotea chelipes

W =  1.43 x IO " 3 L3933 
W  =  5.23 x IO " 3 L3567 
W =  7.73 x 10 3 L33*3

(growthffood, <1) or c (foodfgrowth, >1) gives 
the conversion of food Into growth when excre­
tion and m etabolism  have been taken in to  con­
sideration. The net food conversion factor, 
maintenance requirements and temperature e f­
fects can be measured in laboratory experim ents 
( B r a f ie ld ,  1985; S o o f ia n i & H a w k in s , 1985). 
When these are known, the food intake of a fish 
population can be estim ated on the basis o f b io ­
mass, size d is tribu tion , growth (production) and 
water temperature.

F o n d s  et al. (1985) estim ated the oxygen con­
sum ption. dally food intake and growth of 
juvenile plaice Pleuronectes platessa led w ith 
chopped mussel meat. They calcu lated a net 
food conversion factor in ash-free dry weight of 
approxim ately 2.1 (i.e. foodfgrowth) at higher 
water temperatures (14 to 22°C) and a daily 
m aintenance food intake (maint. DFC in mg ADW 
per day per fish) of approxim ately:

maint. DFC = 1.5 W ° 7» x e° T

where W is the fresh weight (FW) of the fish  in g 
and T the water temperature in°C.

For young cod Gadus morhua fed w ith  mussel 
meat the net food conversion facto r s im ila rly 
ranged from 1.8 (at 15°C) to 2.1 (at 5°C), However, 
for young cod fed w ith chopped shrimps, the 
conversion factor appeared to be lower: 1.4 
(15°C) to 1.6 (5°C). The conversion o f food pro­
te ins into proteins of growth o f the fish was 
s im ila r for the groups fed w ith mussel meat or 
shrim ps, which suggests that the glycogen in the 
mussel meal (approximately 20%) was hardly 
u tilized by the fish. The standard oxygen con ­
sum ption of both the young cod and the young 
plaice, in mg oxygen per fish per day, appeared 
to be approxim ately equal to  the calcu lated 
maintenance food Intake in mg ADW per fish per 
day. Hence, the oxygen consum ption of non-fed 
resting fish can be used for the ca lcu la tion of the
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m ain te n a n c e  food in take , w h en  the  a c tu a l 
m a in te n a n c e  food req u ire m en ts  a re  not know n  
(M . Fo n o s , personal c o m m u n ic a tio n ).

Since the gobies in Lake Grevelingen m ainly 
feed on crustaceans, an average value of 1.5 
tim es growth has been used in the ca lcu la tion  of 
the lood intake from the growth rate o f the fish. 
For the ca lcu la tion of the maintenance food re­
quirem ents, the measurements of the oxygen 
consum ption of Pomatoschistus microps and P. 
minutus by F o n d s  & V e ld h u is  (1973) were used, 
giving the oxygen consum ption o f the gobies at 
rest (FI) in ¡i grat 0  per fish per hour, in relation to 
the fresh weight ot the fish in gram (W):

log R =  log k + b log W
or

R =  k W b

The exponent b appeared to be 0.81 ± 0.02 in P. 
microps and 0.85 ± 0.04 In P. minutus, Since the 
difference is small, the respiration at rest was 
recalcu lated for a common “ m etabolic weight 
exponent" of 0.8 (W inberg, 1956) on the basé  of

TABLE 3
Parameters of oxygen consumption at rest (Ft) in 
Pomatoschistus microps and P. minutus in relation to 
body weight |W in g (resh weight) at various water 
temperatures in °C, according to F o n o s  & v e ld h u is  
(1973). On the basis of the tength-weighl relationship 
tor the two species in Lake Grevelingen, the coefficient 
k, and the exponent b ol the original regression R, = k, 
Wb were recalculated lo a common weight exponent of 
b = 0.8, giving R2 =  k2 W °s. R, expressed in pgrat O per 
hour; R2 in mg 0 2 per day (mg oxygen per day = n grat 

O per hour x 24 x 16(1000).

Temp

°C

P. m/crops P. minutus

* , b k¡ *1 b k¡

5 0687 0.816 1.835 0.596 0.878 1.368
10 0.746 0.783 2.181 0.836 0.882 2365
15 0.927 0.789 3.286 0.890 0.812 2.933
20 1.314 0.844 7.542 1.093 0.804 4.731
25 1,402 0.810 9.583 1.342 0.880 7.602

the length-weight re lationship of both species In 
Lake Grevelingen (Table 3). Subsequently, these 
values were plotted sem i-logarithm ica lly against 
temperature (Fig. 2) and the next regressions

o ¿
O '
E

9 3.
aE
&u
I

P microps

•s  P m inutus

lo l

20 25

F ig .

0 5 10 ft
í empero ture ( *C I

2. Oxygen consumption at rest of Pomatoschistus microps and P. minutus  in
relation to water temperatures on the basis of k2 values shown in Table 3. In con­
structing the regression lines, the k2 for P microps at T = 5°C has been excluded 
since ihe high value seems unrealistic for a thermophile species, certainly in com ­

parison with P. minutus  W is body weight in g FW.
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TABLE 4
Length-weight relationships for Gobiidae observed in 3 years. Length (L) in mm and fresh weight (W) in g.

Species 1980 1981 1982

P microps W =  5.51 x IO “ 6 L3-132 W =  6.78 x 1 0 -6 L3« ! W = 5.75 x 1 0 6 L3 150
P minutus W = 3.68 x 1 0 - 6 L3 189 W = 2.65 x 10~6 L3 28’ W = 4.80 x IO 6 L3132
G niger W =  6.47 X 1 0 - 6 L3 145 W = 4.42 x 10~6 L3 241 W = 4,33 x 1 0 - 6 L3 242

computed:

P. microps Ft = 0.75 W°-8 x e° ’ 05 T
P. minutus R = 0.93 W° 8 x e° 083 T

where W is weight in g FW and R is the oxygen 
consum ption in mg per day, the la tter probably 
being more or less equal to  the maintenance 
food intake in mg ADW per day.

By assuming an ash-free dry weight proportion 
of about 1 7%  (de V la s . 1979) the calcu lated food 
intake (in mg ADW) can be converted into gram 
fresh weight (FW) by divid ing the coe ffic ients 
0.75 and 0 .93  by 170.

Thus we obtain the fo llow ing fina l equations 
to estim ate the to ta l da ily food consum ption of 
the main gobiid  species in Lake Grevelingen:

P. microps F =  1.5 cfW + 0.0044 W08 x e0 ’05 T 
P. minutus F = 1.5 dW + 0.0055 W °8 x e° 083 T

where F is the food intake in gram FW per day, 
cfW is the change in weight (i.e. growth or produc­
tion) in g FW per day, W is the fresh weight of the 
fish In g and T is the water temperature in °C.

Annual food consum ption can be estimated by 
summing the daily food intakes over the season. 
For P. minutus the water temperatures over the 
season were derived from the water column in 
the central part o f the lake, while for P. microps 
temperatures in the litto ra l zone (only during 
summer 1981) were used.

To estim ate the annual food consum ption of 
the populations of the two species in Lake 
Grevelingen, the ir numbers as well as their 
growth in length and weight have been 
calcu lated back to the moment of hatching, on 
the basis of the catch data (of individuals >20 
mm) from  August onwards, since m ost of the pro ­
duction  (and hence consum ption) in young 
gobiid fish takes place in the period May to

August. According to F o n d s  (1970, 1973) and 
R u s s e l l  (1976) the newly hatched larvae of P. 
microps and P. minutus are approxim ately 2.5 
mm and 3.0 mm long, respectively.

Because F o n d s  (1971, 1973) observed 2 d if­
ferent species of closely resembling sand gobies 
in the Wadden Sea, viz. Pomatoschistus minutus 
Pallas and Pomatoschistus lozanoi de Buen, a 
sample from Lake Grevelingen was analyzed on 
m orphological characte ris tics and a ll the 
animals proved to belong to P. minutus (M 
F o n d s , personal comm unication).

3. RESULTS

3.1. LENGTH-WEIGHT RELATIONSHIP

Only m inor d ifferences were found between the 
depth zones and seasons distinguished, and 
therefore all data over one calendar year were 
combined to estim ate the length-weight re la tion ­
ship for each gobiid species separately. Even be­
tween d iffe rent years, the variation appeared to 
be relatively small (Table 4).

3.2. LENGTH-AGE DISTRIBUTION

Pomatoschistus microps

During the firs t 6 m onths o f 1980 and 1981, as 
well as in April 1982, only one age group could be 
d is tinguished In the size-frequency histogram s 
of P. microps (Fig. 3). In that period the length of 
the adult animals ranged from 20 to 55 mm.

In 1981 as well as in 1982, young of the year of 
over 20 mm were firs t caught in the second half 
of June, while in 1980 that was only the case on 
7 July. From mid-July onwards, the catches were 
dominated com pletely by the new O-group fish 

_ (Fig. 3).

Fig 3, Size-frequency histograms of Pomatoschistus microps in 1980, 1981 
and 1982. The year classes distinguished as well as the average lengths of the 

O- and l-group fish (arrows) are indicated.

87



G. DOORNBOS & F. TWISK

1980

Jan - Mar
N > 200

H > 200

May
M » 200

17 Jan

rfT

7 J u l  
N  >  200

H o 
—

 
o

35

, rT

T
61
5 Aug 
H > 200

rT
0

19 Aug 
N  > 200

39
2 Sept

Jtu N:200
AI

17 Sept 
P I  N  > 200

T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
A3

29 Sept

jTT^r200

r
t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
A3

17 Ocl
n

r

i r n ^  ■ ■ 'u
■-n 28 Oct

f v  " "
u

25 Nov 
N -  200

s
a5

10 Dec —I N > 200

■—I 1 i e-1—i—i—i

P minutus 

1981

Jan -M a r
200

A6

Apr 
N > 200

May 
N i  186

17 Jun 
N — 122

1 Dec
N > 200

1982

U Apr 
H > 2 0 0

30 Jun
N t 93

n  j j
N > 200

28 Jul 
N > 200

1 0  A u g  
N > 200

25 Aug 
M >200

9 5ept 
N > 200

2t Sept
N > 200

21 Oer
H > 200

l i t  n  •-

i l p h  ;

21 Jun 
M = 15t

18 Aug
N > 2 0 0

. !—|wm|T[ITlj]ITliyíílí|TTITT|ww»i

13 Sept 
N > 200

Year class

■ 1979
□ 1980m 1981il 1982

22 Nov 
N » 200

20 30 ¿0 50 60 70 20 30 tO 50 60 70 80 20 30 tO 50 60 70 80

Total length ( mm )

88



GOBIID FISH IN LAKE GREVELINGEN

Fig. 4. Size-frequency histograms of Pomatoschistus minutus in 1980, 1981 
and 1982. The year classes distinguished as well as the average lengths of the

O- and l-group fish (arrows) are Indicated.

Pomatoschistus minutus

Over the 3 successive years, 2 d is tinc t age 
classes could be recognized in the size- 
frequency h istogram s of P. minutus only from 
mid-June t i l l  July (Fig. 4). During the firs t 6 
months, the l-group fish measured 20 to 80 mm.

The new recruits entered the catches In the se­
cond half of June, while from the start of July on­
wards the new O-group fish dom inated the 
size-frequency d is tribu tions (Fig. 4),

Gobius niger

During 19B0 through 1982, 5 year classes could 
be d istinguished in the size-frequency 
histogram s of G. niger, of which a maximum o f 3 
were present at the same time (Fig. 5). 
Throughout 1980, the size-frequency histogram s 
were dominated by the 1979 year class, while  the 
few large individuals probably belonged to the 
1978 year class.

Recruits from the 1980 year class were firs t

G n ig e r

. . il ■

- J t

N * 20C

Hi 11 rrn  ̂ ,

rtfl^h -rU lT jl-t-w -ri m
u  so

J u6) ■r ' ' ■ 102
Year doss
ÍZ3 1978 □ 1981
■1 1979 □ 1982
□ 1980

riljillrfftn > > 4  , ,4] 7t W
S»pt

_  N *  200

k b S I,.

0110 i n  IK  70 JO to  50 60 70 90 f t  i t»  n0 ITO i #  ¡0 30 to  M  M  10 »  90 0 0  IO 'J0 ®

Total le n g th  | mm )

Fig. 5. Size-frequency histograms of Gobius niger during 1980 to 1982. The year 
classes distinguished (by eyel as well as Ihe average lengths of the 0-, I- and 

ll-group fish (arrows) are indicated.
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TABLE 5
Values observed for mean density (N per 1000 m2) and biomass (B ín g fresh welghl per 1000 m2) of 

Pomatoschistus microps (total length > 2 0  mm| in the depth zones distinguished during 1980 to 1982
A ■ means: not sampled.

0 to 0.6 m 0.6 to 2 m 2 to 5 m 5 to 20 m >20 m

Date N B N ß N 0 N B N B

1980
15 January 0 0 1 0 1 1
29 January 0 0 1 1 1 0
18 February 1 0 0 0 2 1
10 March 1 1 1 0 1 0
25 March 2 2 0 0 0 0
11 April 3 2 0 0 0 0
17 April 0 0 2 1 0 0
7 May 3 2 0 0 0 0

20 May 6 6 0 0 0 1
3 June 5 3 0 0 0 0

17 June 4 4 0 0 0 0
7 July 3 1 0 0 0 0

23 July 12 4 0 0 1 0
5 August 155 35 1 1 1 0

19 August 135 35 2 1 0 0
2 September 106 34 5 1 0 0

17 September 138 49 0 0 0 0
29 September 74 27 3 1 0 0
17 October 81 33 0 0 1 0
28 October 69 31 0 0 1 0
11 November 5 2 7 3 14 7 3 3
25 November 7 3 2 1 6 3 0 0
10 December 1 0 4 2 22 8 108 65

1981
9 January 2 1 1 0 1 0 0 0
5 February 1 0 1 0 3 1 14 5

10 March 4 1 0 0 1 0 0 0
25 March 3 1 0 0 3 1 0 0

7 April ■ 5 2 0 0 0 0 0 0
22 April ■ 0 0 0 0 0 0 0 0

4 May 2 1 0 0 0 0 0 0
20 May 5 4 0 0 0 0 0 0

2 June 3 2 1 1 0 0 0 0
17 June 177 229 4 4 1 1 2 2 0 0
30 June 616 212 6 4 1 1 1 1 0 0
13 July 3075 545 21 6 7 2 3 2 0 0
26 July 5905 1327 83 23 25 5 5 1 19 5
10 August 8185 2519 223 67 326 87 15 5 9 2
25 August 13897 5640 396 153 43 18 15 6 0 0

9 September 15152 7288 222 88 81 39 46 25 0 0
24 September 12075 7589 465 216 91 37 43 20 3 1
21 October 3981 1933 269 158 56 21 78 38 38 24

1 December 867 343 0 0 98 36 118 64 103 76

1982
14 April 4 2 0 0 0 0 0 0 0 0
21 June 31 19 2 2 0 0 0 0 0 0
18 August 4434 1330 86 30 2 1 0 0 0 0
13 September 4051 2319 129 77 19 10 0 0 0 0
22 November 0 0 11 8 24 19 5 5
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caught in August. This year class appeared to be 
less strong than that o f 1979. since in 
November/December the catches were s till 
dom inated by l-group fish. Both year classes 
could be recognized in the length-frequency 
d is tribu tions t ill April 1982, From Ao^ust 1981 on­
wards, the 1981 year class was easily iden­
tifiab le , as was the 1982 year class one year later 
(Fig. 5).

3.3. DENSITY AND BIOMASS

Pomatoschistus microps

By far the highest numbers of P. microps (>20  
mm) were found in the litto ra l zone of the lake 
(Table 5). In September 1981. the density in the 0 
to 0.6 m stratum  amounted even to 15 common 
gobies per m2, w ith a biomass of over 7 g 
FW m - 2. During the summer of 1982, the density 
was less high, viz. 4 fishes per m2. In 1980, 
however, the most im portant 0 to 0.6 m zone was 
not sampled. Over August to  September (in 1981 
as well as in 1982), the density in the 0 to 0.6 m 
stratum  was on average 41.5 tim es higher than in 
the 0.6 to 2 m zone {cl. Table 5). From th is  an 
estim ate of the P, microps density in the litto ra l 
zone for August 1980 can be derived, viz. about 6 
fishes per m2.

For the entire Lake Grevelingen, year class 
1981 as O-group was assessed at 282 m illion  P. 
microps {i.e. on average 2.6 fishes per m2) in ear­
ly September, of which V i had already disap 
peared one month later. The fast decrease In 
numbers continued during the winter, through 
0.6 m illion  in April, to as few as 10 000 individuals 
surviving as l-group In September 1982 (Fig. 6). In 
August 1982, the to ta l number of O-group P. 
microps amounted to only 82 m illion  individuals, 
while for August 1980 th is  to ta l was approx­
imately 110 m illion  fish.

In 1981 the highest biomass, i.e. 133 tons FW 
(or 1.2 g m - 2) was estimated in September, In 
1982, a maximum biomass of only 44 tons was 
assessed {cf. Table 5),

Pomatoschistus minutus

Contrary to the common goby, the sand goby 
was more evenly spread over the lake, Only from 
October to  February were concentra tions found 
locally in deep p its w ith a s ilty  sediment (Table
6). Densities were much higher in 1980 than in 
1981 and 1982.

In early August 1980 the to ta l number of O- 
group P. minutus was assessed at 424 m illion  
(i.e. 3.9 fishes per m2) w ith a biomass of 203 tons 
FW. Afterwards the numbers of th is  year c lass 
declined constantly to approxim ately 150 000 in­
dividuals in early August 1981 (Fig. 6). In 1981 
and 1982, the peak numbers of the O-group 
amounted only to 29 and 15 m illion  sand gobies, 
respectively (Fig. 6; Table 6).

Gobius niger

The black goby was most abundant in the deeper 
parts o f the lake (Table 7). The peak numbers for 
all year classes combined in the consecutive 
years were assessed at 3.7, 1.3 and 5.1 m illion  in ­
dividuals. The biomass figures amounted 
roughly to  24, 7 and 13 tons FW.

3.4. MORTALITY AND MAXIMUM AGE

From the computed regression lines through the 
assessed numbers of gobies for the whole lake, 
it  can be seen that in both gobiid species (>20  
mm) the m orta lity  rate was fa irly  constant over 
the year (Fig. 6). In P. minutus

z = (At)~ ’ -In n, n2- '

varied from 0.0186 d _1 in year class 1981 to 
0.0219 d - ’ in year class 1980, which cor­
responds w ith an average m onthly m orta lity of 
approxim ately 46%. Hence, on average only 
0.1% of the O-group animals present in August 
survives un til the next summer. In late 
March/early April, as few as 1 to 2% of the 
orig inal year class size are involved in 
reproduction.

The m orta lity rate in P. microps, year class 
1981, was even somewhat higher, viz. z = 0.0275 
d _ 1 (or 57% per month). From mid-June (when 
the 0 to 0.6 m zone was sampled for the first time) 
to  August 1981, the m orta lity  rate in l-group P. 
microps was 0.0261 d _1 ( -5 5 %  per month), 
which is s im ila r to the value obtained for the 
1981 year class. However, if the assessed 
numbers of P. microps in August 1980 (see 
Chapter 3.3.) are accepted, the estim ate of the 
m orta lity  rate in year class 1980 would have been 
much lower, viz. approxim ately 0,014 d ^ 1.

In Lake Grevelingen a maximum age o f approx­
im ately 1 '/i years was inferred both tor the sand 
goby and lhe common goby, while  the black goby 
grew at least 3 years old (context also Figs 3, 4, 
5 and 8).
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TABLE 6
Values observed for mean density (N per 1000 m1) and biomass (B in g fresh welghl per 1000 m*) of 

Pomatoschistus minutus  (total length > 20  mm) in the depth zones distinguished during 1980 to 1982
A ■ means: not sampled.

0 to 2 m 2 fo 5 m 5 to 20 m >20 m

Dare N B N S N B N B

1980
15 January 2 2 5 4 23 24
29 January 2 2 2 2 25 18
18 February 6 7 4 5 48 32
10 March 7 7 1 0 10 7
25 March 10 10 1 0 5 3
11 April 41 51 1 2 25 20
17 April 13 17 4 3 50 42
7 May 11 14 10 10 52 43

20 May 10 10 1 0 19 18
3 June 13 16 8 10 8 9

17 June 30 24 517 43 395 48
7 July 392 144 209 66 265 101

23 July 1121 485 2058 673 3485 982
5 August 1348 773 5221 2429 6457 3078

19 August 1173 847 3448 1195 4766 2139
2 September 841 607 3193 1642 3759 1791

17 September 752 615 1159 749 3243 1823
29 September 350 315 683 484 2282 1293
17 October 226 187 344 212 2681 1740
28 October 183 174 148 95 2840 1925
11 November 6 4 33 22 465 304 1909 1344
25 November 31 27 21 14 257 173 6824 4811
10 December 8 6 42 33 434 262 7200 5958

1981
9 January 16 12 11 6 84 51 309 186
5 February 11 8 18 11 131 81 2653 2023

10 March 6 4 1 1 18 12 165 97
25 March 3 2 8 6 116 79 47 29

7 April 23 19 7 5 7 4 202 146
22 April 0 0 1 1 14 11 252 224

4 May 4 4 2 3 11 9 76 59
20 May 3 3 1 1 11 9 0 0

2 June 2 3 0 0 7 7 42 37
17 June 5 2 6 8 18 21 4 5
30 June 13 4 12 4 7 7 0 0
13 July 101 23 204 31 140 43 5 4
28 July 15 16 143 49 230 159 298 204
10 August 39 42 291 190 272 186 25 23
25 August 30 43 54 50 185 182 43 46

9 September 36 60 153 164 630 787 399 501
24 September 51 90 100 106 472 523 377 438
21 October 19 38 3 4 138 187 1359 2114

1 December 0 0 19 25 456 706 2756 4897

1982
14 April 1 2 1 2 9 10 46 51
21 June 9 3 16 4 3 4 1 1
18 August 148 195 78 77 164 152 430 416
13 September 48 73 49 67 199 211 2 3
22 November 0 0 13 16 510 715 920 1366
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Fig. 6. Eslimates of the total numbers of Pomatoschistus microps and P. minutus, year classes born in 1980 and 
1981, In Lake Grevelingen during 1980 to 1982, based on fixed (O, • )  and random | ■  stratified sampling
schemes (see also Chapter 2.2.). The 95% confidence limits are Indicated by vertical bars. By means ot the com ­
puted regression through the averages ( •  and ■ ). the decrease in population size has been reconstructed. In the 

case of P. microps, year class 1980, the most important 0 to 0.6 m depth zone was not sampled.

For 1 Vs to 2'/j-year-otd G. niger the annual 
m orta lity (over the period August/September to 
August/September of the next year) varied from 
97.3% in year class 1979 to 98% in year class 
1980, resulting in an average m orta lity rate of 
0.0103 d ^ 1 (or 27% per month).

3.5. GROWTH

Pomatoschistus microps

From early spring to the beginning of August, the 
average length of the l-group P. microps increas-
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TABLE 7
Values observed lor mean density (N per 1000 m2) and biomass (B in g fresh weight per 1000 m2) of Gobius niger 

(total length > 20  mm) in the depth zones distinguished during 1980 to 1982 A means not sampled

Oafe

0 to 2 m 2 fo 5 m 5 to 20 m >20 m

N S N B N B N B

1980
15 January 0 0 3 4 3 6
29 January 0 0 3 8 3 5
18 February 0 0 3 4 5 7
10 March 0 0 1 1 4 5
25 March 0 0 4 5 5 8
11 April 0 0 3 5 13 24
17 April 0 0 9 15 10 24
7 May 0 0 8 15 14 24

20 May 3 4 2 3 4 14
3 June 3 5 10 26 7 37

17 June 5 14 15 44 6 21
7 July 1 4 14 49 10 47

23 July 2 9 7 49 11 58
5 August 1 3 31 141 50 306

19 August 3 9 38 191 72 521
2 September 0 0 31 103 81 628

17 September 0 0 11 55 75 492
29 September 0 0 15 71 80 604
17 October 0 0 2 7 44 325
28 October 0 0 2 5 30 202
11 November 0 0 0 1 2 2 14 112
25 November 0 0 3 12 4 25 80 586
10 December 0 0 0 0 5 31 6 30

1981
9 January 0 0 0 0 1 1 0 0
5 February 0 0 5 11 1 1 0 0

10 March 0 0 1 3 1 6 4 1
25 March 0 0 0 0 3 7 0 0

7 April 0 0 1 4 1 12 0 0
22 April 0 0 1 1 2 7 23 198

4 May 0 0 3 12 2 15 16 153
20 May 0 1 2 6 3 18 11 157

2 June 5 27 5 15 6 43 1 21
17 June 3 18 20 88 16 131 1 10
30 June 3 33 5 21 8 53 1 21
13 July 1 3 4 27 8 49 0 0
26 July 1 4 4 18 4 27 0 0
10 August 1 4 7 32 12 77 2 20
25 August 1 1 2 14 8 61 0 3

9 September 0 0 3 13 16 131 26 330
24 September 2 16 6 20 28 151 29 283
21 October 0 0 1 2 3 11 19 135

1 December 0 0 2 2 10 26 16 94

1982
14 April 0 0 0 0 1 1 6 46
21 June 10 33 13 48 8 26 0 1
18 August 4 6 9 21 27 94 29 166
13 September 18 43 40 81 93 265 0 7
22 November 0 0 9 11 29 49 277 109
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ed roughly from  41 lo  4B mm in 1980 and from 35 
to  51 mm in 1981, while the lengths in April and 
June 1982 were s im ilar to those observed in the 
same months of the previous years (Fig. 3).

Around m id-August, the O-group fish had 
already atta ined an average size of 31 mm in 
1980 and 32 mm in 1981 and 1982. In 1980, the 
maximum average size of the O-group, 37 mm, 
was reached at the end of October, while in 1981 
th is  was already the case in September, when an 
average length of 39 mm was attained. During 
the summer months, the mean daily length incre­
ment o l P. microps was 0.16 mm to 0.21 mm in 
1980 and 1981, and even 0.27 mm in 1982.

Due to the disappearance of larger animals 
and the appearance of a (small) second breeding- 
wave in 1980 and particu larly in 1981, the average 
size decreased towards the end of the year (Fig.

3). A ltho ugh  on  the  w es t c o a s t of S w e d e n , in 
som e years , a ls o  a seco nd  coho rt cou ld  be 
d is tin g u is h e d  in the  rec ru itm e n t of P. microps 
and P. minutus, its  o rig in  rem a in s  un kn ow n (P ih l  
& R o s e n b e rg , 1982).

Based on the size-frequency h istogram s (Fig. 
3), von BeNalanffy growth curves for length and 
w eight have been estim ated separately for O- 
and l-group fish. In these, data affected by mesh 
selection (i.e. O-group in June and July) as well 
as figures from the w inter months have been ex­
cluded. In 1980 as well as in 1981, the mean max­
imum atta inable length (Loo) and weight (W oo) in 
O-group P. microps were estim ated at 39 mm and 
0.6 g FW, respectively (Fig. 7). However, growth 
in 1981 was much faster than in 1980. In 1982 the
O-group P. microps atta ined an average length of 
42 mm. This means that growth in 1982 must

P microps P minutus

O

389

1980 1981

K 9

S
°  08.08.

06. 067

0 2 .

1980 1981 1980 1982

Fig 7. Estimated von Bertalanffy growth curves tor length and weight of O and l-group Pomatoschistus microps 
and P. minutus. Actually observed values are indicated, of which only the full points were used to construct the

curves (see text).
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have been even faster than in 1981 (cI. F igs 3 and
7).

Length Increment of the l-group P microps, 
year class 1980, was practica lly  linear from April 
through July (1981). The mean maximum a t­
ta inable w eight in the l-group fish was estimated 
at approxim ately 1.5 g FW (Fig. 7).

Pomatoschistus minutus

The average length of the adult fish of the 1979 
year c lass Increased from about 46 mm in the 
early spring of 1980 to 61 mm in July (Fig. 4). 
Already In the firs t ha lf of July, the new recruits 
o f the 1980 year class had reached an average

13
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E 9.
u— 8.£L
O-Ic 7.
»
01 6.
en
£ 5.
< L.

3.

2.

-O- 1978
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1980 1981 1982

Fig. 8. Length and weight changes of the year classes distinguished (in Fig. 5) of 
Goi/'us niger. The curves were filled  by eye
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size of 35 mm. At the end of the ir firs t year, they 
measured on average 45 mm. The next summer, 
a mean maximum length of approxim ately 61 mm 
was atta ined, which Is s im ilar to  that of the I- 
group in 1980.

Compared w ith  1980, the O-group of 1981 grew 
very fast, particu larly from  the end o f July on­
wards, the average length having increased from 
40 mm to 57 mm by early December (Fig. 4). 
However, the next year the ir growth was neglig i­
ble, the average size being 58 mm at the end of 
June 1982. During the summer months, the 
length increment of the O-group P. minutus was 
on average as little  as 0.12 mm per day in 1980, 
0.45 m m d -1  in 1981 and 0.41 m m d -1 in 1982.

Based on the von Bertalanffy growth curves, 
the mean maximum atta inable length and weight 
of O-group P. minutus for the 1980 growing 
season were estimated at 47 mm and 0.8 g FW, 
respectively (Fig. 7). For the 1981 season a mark­
ed Loo = 57 mm and Woo = 1.7 g were estimated 
for the O-group. The growth of the 1982 year 
class, as O-group a tta in ing an average length of 
55 mm by the end of the year, was very s im ilar to 
that o f the O-group in 1981 (Fig. 4)

Gobius niger

W ith an average size of approxim ately 3.5 cm (0.4 
g FW), b lack goby juveniles entered the catches 
in August (Fig. 8). At the end of the ir firs t year, 
they had atta ined an average length o f about 5 
cm (1.4 g). However, the 1981 year class reached 
only 4 cm (0.8 g) in that period. From April/May 
on, growth continued, resulting in an average 
size of 8 to  8.5 cm (7 to  8 g) at the end Of their se­
cond year of life. In the ir th ird and last year, they 
reached an average maximum size of 11 to 12.5 
cm (18 to 25 g), the fishes of the 1978 year class 
being s ign ifican tly  bigger than the 1979 and 1980 
year classes (Fig. 8). The largest G. niger caught 
measured 13 cm (29 g FW). During the period May 
to  August, the length increment of the dominant

l-group fish was on average 0.28 mm per day in 
a ll 3 years, and varied from 0.17 mm to 0.24 mm 
per day in the ll-group of G. niger.

3.6. PRODUCTION

The daily production of the P. microps and P. 
minutus populations was estim ated num erically 
according to the procedure mentioned in C h a p ­
m an (1978), using the fo llow ing equation:

W
P = (  In W, + , -  In W, ) B (In  -  > 0 )

W,

in which P is the daily fish production, W, and 
W t + 1 are the mean weights o f the fish on 2 suc­
cessive days, and B is the average biomass ac­
cording to

2

Annual production was estim ated by summ ing 
the daily production figures over the year. Since 
m ost o f the production is supposed to be realiz­
ed during the juvenile stage, the numbers as well 
as the average lengths and weights were 
calcu lated back on the basis of m orta lity rates 
earlier assessed (c/. Fig. 6) and von Bertalanffy 
growth curves (cf. Fig. 7). In th is  way, in P. 
microps an annual production of 516 tons FW (or 
0.8 g ADW m - 2) was obtained for the abundant 
year class 1981 (Table 8). From the second half of 
May t ill the beginning of September, when the 
maximum numbers were caught, a production of 
506 tons (98%) had already been realized. The 
production in the litto ra l zone may even have 
amounted to as much as 4.8 g A D W m ^ a - ' ,  
since approxim ately 99% of the population of 
the common goby was present exclusively in 
shallow  water during June and July.

In 1980, the numerous O-group of P. minutus 
produced as much as 674 tons FW (i.e. 1.1 g

TABLE 8
Estimated values for annual production, consumption and derived P/C ratio of the O-group populations ol 

Pomatoschistus minutus  and P. microps for the entire Lake Grevelingen in 1980 and 1981.

Species Year Production Consumption P/C ratio

tons FW g ADW m ~2 tons FW g ADW m - 2

P. minutus 1980 674 1.06 1238 1.95 0.54
P. minutus 1981 90 0.14 185 0.29 0.49
P. microps 1981 516 0.81 994 1.56 0.52
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ADW m - 2 a -1 ), of which 92% was already 
realized before the second week of August (Table
8). In contrast, the production in 1981 was only 90 
tons FW (or 0.14 g ADW r n ^ - a ' 1), Combining 
the 1981 figures of P. microps and P. minutus 
results in a total production of 5.6 g FW (1.0 g 
A D W )m -2 a - i.

Production in 1982 w ill have been lower than in 
1980 and 1981, since the populations of both 
species were less abundant.

3.7. D IET A ND  A N N U A L FO O D  C O N SU M PTIO N

Usually, only 4 lo  5 food items made up more 
than 95% (by weight) o f the gut and stomach 
contents of P. microps and P. minutus (A.K. 
G la z e n b u r g ,  personal com m unication). The 
weight shares of these main species in the diets 
of the various size classes of the gobiids are 
given in Fig. 9. For P. microps o f up to  about 40 
mm, the food consisted alm ost entirely of 
ca lanoid and harpactico id copepods. Around 
that size, the fish sw itched to larger epibenthlc 
crustaceans, such as the isopod Idotea chelipes, 
the amphlpod Gammarus locusta and the mysid 
Praunus flexuosus.

In the prey choice o f P. minutus, an identical 
sh ift was observed. However, the change from 
copepods to larger crustaceans proved to be 
more gradual (Fig. 9). The weight proportion of 
copepods In the diet decreased from -9 5 %  in 
animals of 30 mm to less than 1% In animals of 
65 mm. On the contrary, the share of Idotea 
chelipes increased from zero to 80%. The 
stom achs of the 40 to 60 mm size classes con­
tained Praunus flexuosus and Gammarus 
locusta in almost equal proportions, i.e. varying 
roughly between 15 and 35% of the to ta ls. !n all 
size classes of P. minutus, foram in lferans con­
tribu ted 3 to  7% to the to ta l food intake.

tn the stomachs of P. minutus, remains of 
other prey were also found, such as nematodes, 
polychaetes (e.g. chaetae) as Nereis sp.. Nephtys 
sp., and Flabelligera affinis, juvenile m olluscs as 
Cerastoderma edule. Mytilus edulis and Macoma 
balthica, oslracods, Balanus sp., Neomysis in­
teger, Schistomysis kervillei, Corophium 
volutator, Crangon crangon, ch ironom ids (larvae) 
and gob iid  eggs, all in small quantities. In P. 
microps, also remains of ostracods and Cor­
ophium volutator were traced ( G l a z e n b u r g , 

1982).
For the 1980 year class of P. minutus, an an­

nual consum ption of 1238 tons FW {i.e. 1.95 g

P m icrops

ÿ
1it
'1

ir?>
£

^ 2  Copepodo [JJ] Gammarus locusta

Foraminifera Idotea chelipes

[ j Praunus flexuosus

Fig. 9. Food composition in ash-free dry weight percen­
tages in relation lo size classes of Pomatoschistus 
microps  and P minutus during August through 
November 1980. Only the five main food items were 
considered (see text). The number of stomachs per size 
class investigated is indicated at the top of each graph. 

A fte r  data of G la z e n b u r g  (1982).

A D W m -2) was assessed, of which 87% was 
realized from  April through July (Table 8). Con­
sum ption in the less abundant 1981 year class 
was only 185 tons FW (0.29 g A D W m -2 a ^ 1). 
Since for the 1981 year class of P. microps a con­
sumption of 994 tons FW was estim ated, the 
to ta l food intake o f both gobiid populations com ­
bined amounted to  1.9 g ADW m - 2 a - 1 (Table 8).

20 25 30 35 10 45 50 55
Total length { mm )

P m inutus

Tala! lengfh I mm )
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TA B LE 9
Estimated values for consumption of each of the S main food items by the populations of Pomatoschistus 

minutus in 1960 and 1981. and P microps in 1981

P. minutus (I960) P. minutus 11981) P microps (1981)

Qc:o m g A D W m 2 tons ADW mg ADWm 2 tons ADW m g A D W m 2

Copepoda 191.9 1777 17.1 158 160.5 1486
Foraminifera 4 6 42 1.1 10
Praunus flexuosus 6.5 61 4.2 39 0.7 7
Gammarus locusta 5 3 49 3.4 32 4 0 37
Idotea chelipes 2.2 20 5 6 52 3.7 34

Total 210.5 1949 31 4 291 168.9 1564

Of course, production and consum ption are 
strongly linked; due to high numbers and fast 
growth rates, both were highest during early 
summer.

The contribu tion of the d iffe rent prey species 
to the annual amounts of food consumed by both 
gobiid populations was estimated on the basis of 
the size-frequency h istogram s at the sampling 
dates (cf. Figs 3 and 4), the diet com position of 
each size c lass (cf. Fig. 9) and the calculated 
food demands per period. As m ight be expected, 
predation was heaviest on copepods, viz. 1.8 g 
and 1.5 g A D W m -2a ~ 1 in the 1980 and 1981 
year classes of P. minutus and P. microps, 
respectively, and they supplied as much as 91% 
to 95% of the to ta l food demands (Table 9). The 
annual predation on larger ep ibenth ic c rus ta ­
ceans, such as Praunus, Gammarus and Idotea, 
was of m inor im portance, since they are only 
eaten by the largest fish, which are less 
numerous and grow relatively more slow ly than 
juveniles. As the ind ividuals of the 1981 year 
c lass of P. minutus were s ign ifican tly  bigger 
than those of the 1980 year class, the share of 
the larger crustaceans in the to ta l consum ption 
amounted to 42% in 1981 (Table 9).

4 OISCUSSION

4.1. POPULATION PARAMETERS DURING THE 
1980 TO 1982 PERIOD

It turned out that the change from a fixed 
towards a random (stratified) sampling scheme 
did not s ign ifican tly  improve the accuracy of the 
data obtained: the standard errors of the means, 
and consequently the confidence lim its  obtained 
from both sampling schemes were of the same 
order of magnitude (cf. Fig. 6; D o o rn b o s  ef at., 
1986). On the other hand, the choice of the strata

proved to be ot more importance, because P 
microps was largely restricted to  the litto ra l zone 
and P. minutus aggregated in deeper parts dur­
ing w inter. The doubling of the samples improved 
the data only s ligh tly, since even in the larger 
strata the values for means and confidence 
lim its  hardly changed any more after 15 to  20 
hauls had been taken (D o o rn b o s  ef a/.. 1986). In 
comparing fixed versus random sam pling of 
fishes in the 105 km2 large West Point Reservoir, 
U.S.A., K ing  ef at. (1981) also found relatively few 
s ta tis tica lly  s ign ifican t d ifferences in either 
means or variances between the two types of 
sampling schemes.

o — o  1900 1
* -----•  '9 81 > Centro! p o r i

• 1982 J
I 0 - 60 cm I

Fig 10 Seasonal changes in water temperature in Lake 
Grevelingen during 1980 to 1982.
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*—• TABLE 10
o  Comparison o( seasonal peak densities, annual production and consumption ot Pomatoschistus minutus, P microps and Gobius niger in different areas in NW Europe

In brackets the month the highest density was measured.

Area Water
depth
(m)

Year Density
(N.m~l>

Prod 
(g ADW
m~! a~f)

Cons. 
tg ADW
m-l a~1)

Reference

P minutus
W estern Wadden Sea 2-30 1961 0.2 '1 (Oct.| F o n d s . 1973

2 30 1962 0.25 »> (Nov.) FONOS, 1973
2-30 1963 0.2 » (Nov.) F o n d s , 1973
2-30 1964 0.4 '1 (Oct.) F o n d s , i 973

North Sea coastal area 2-30 1963 0.3 '1 (Oct.) F o n d s . 1973
2-30 1964 0.5 ” (Oct.) F o n d s . 1973

Ythan estuary, E Scotland shallow 1967 0.6  » (Sept.) 0.3  3> H e a l e y . I9 7 i
shallow 1968 0.5  »i (Sept.) 0.2  3' H e a l e y . 1971

Balgzand. Dutch Wadden Sea 1-1.50 1975 0.2 (July/Aug.) 0.03s' 0.5 5' v a n  B e e k . 1976
1- 1 .5 0 1976 0.4 (Oct.) VAN DER GAAG, 1977

AskO area. E Sweden 0-0.5 1975 12.7 (Nov.) ANEER & N ëLLBRING. 1977
0-0.5 1976 - 8 (Aug.) A n e e r  s  N e l l b r in g . 1977

Kvarnbukten. W Sweden 0-1 1976 2.0 (Sept.) 0.08-*' 0.313* Ev a n s  & T a l l m a r k , 1979: Ev a n s , 1984
0-1 1977 1.3 (Sept.) 0 .143' 0.323' Ev a n s  & T a l l m a r k . 1979: Ev a n s . 1984
0-1 1978 3.9 (Aug.) 0.13 Ev a n s  & T a l l m a r k . 1984
0-1 1979 1.7 (July) 0.03 E v a n s  8  T a l l m a r k . 1984
0-1 1980 4.0 (July) 0.08 E v a n s  & T a l l m a r k , 1984

2.5-10 1979 1.3 (Oct.) E v a n s  & T a l l m a r k . 1984
2.5-10 1980 0.5 (Sept.) E v a n s  & T a l l m a r k , 1984

Gullmarsvik, W  Sweden 0-0.7 1978 2.6 (July/Aug.) 0.24 P ih l  & Ro s e n b e r g , 1982
0-0.7 1 97 9 . 0 .09 P ih l  & Ro s e n b e r g , 1982
0-0.7 1980» -  0.6

0.19 P ih l  & Ro s e n b e r g , 1982

Lake Grevelingen. SW Netherlands 0.7-1.5 1977 0.3 (Sept.) 0.035' OE G r a a f . 1979
0 50 1980 3.9 (Aug.) 1.1 1.95 This study
0-50 1981 0.3 (Sept.) 0.14 0.29 This study
0-50 1982 0.14 (Aug.) This study

P. microps
Nivâ Bay. E Denmark 0-0.6 1963 - 9 (Aug.) M u u s , 1967
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Ythan estuary. E Scotland shallow 1967 0.1 (Oct.l H e a l e y , 1972a
s h a llo w 1960 0,1 (N ov.) H e a l e y , 1972a

Balgzand. Dutch Wadden Sea 1-1.54' 1975 1.6 (Ju ly ) 0 .0 4 5' 0 .7  I ' v a n  B e e k . 1976
1-1.5*1 1976 1.6 (Sept.) 0.08 0.7 VAN DEN G a a g , 1977

Gullmarsvik, W Sweden 0-0.7 1977 15.1 (Aug.) 0 6 P ih l  6  Ro s e n b e r g . 1982
0-0.7 1978 10.7 (July/Aug.) 0.4 P ih l  &  Ro s e n b e r g , 1982
0-0.7 1979 0.6 0,01 P ih l  &  Ro s e n b e r g , 1982
0-0.7 1980 0 8 0.04 P ih l  8  Ro s e n b e r g , 1982

Sandvik, W  Sweden 0-0.7 1977 12.0 (Sept.) 0.3 PtHL 4  Ro s e n b e r g . 1982
0-0.7 1978 25.0 (July/Aug.I 0.4 P ih l  4  Ro s e n b e r g , 1982

Kvarnbukten, W Sweden 0-1 1978 8.5 (Aug.) 0 .0 8 3' Ev a n s  4  T a l l m a r k , 19B4
0-1 1980 1.9 (Oct.) 0 .0 3 3’ Ev a n s  &  T a l l m a r k , 1984

Lake Grevelingen. SW Netherlands 0 .71 .5 1977 4,5 (Aug ) 0 .19s“ PE G r a a f . 1979
0-0-6 1981 15.2 (Sept.) 4.8 9.3 This study
0-0.6 1982 4 4 (Aug.) This study

G. niger

Lake Veere, SW Netherlands 2-20 1971 0 .0 0 3 " (Sept.) V a a s  el a i,  1975
2-20 1972 0 .0 0 3 " (Nov.) V a a s  el a i,  1975
2-20 1973 0 ,0 0 7 " (Nov.) V a a s  el a i,  1975

Oslofjord, S N o rw a y 0-9 t981 0.02 ’1 (July/Aug.) N a s h , 1984
0-9 1982 0 .03  ‘ I (June) N a s h . 1984

Stanswood Bay. S England — 1-4 1984 0.03 (Nov.) V e se y  4  La n g f o r d , 1985

Lake Grevelingen. SW Nelherlands 0-50 1980 0.03 (Sept.) This study
0-50 1981 0.01 (Sept.) This study
0-50 1982 0.05 (Sept.) This study

il Not corrected for gear effiency.
21 Sampled at low tide when water was restricted to a narrow channel. Since the intertidal area was about twice the low tide channel, figures have to be halved to 

obtain actual densities.
3i Original figures in dry weight. They have been converted into g ash-free dry weight by assuming that 1 g DW is equivalent to approximately 0.85 g ADW (M c L u s k y .

1981).
4) At high tide.
5iOver July to November. Original figures in fresh weight. They have been converted into g ash-free dry weight by assuming that 1 g FW is equivalent to - 0 .1 7 g ADW
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In southern areas such as the brackish 
lagoons on the east coast of Corsica in the 
Mediterranean (C a s a b ia n c a  & K ie n e r ,  1969), the 
Ria de Arosa in NW Spain ( Ig le s ia s ,  1981) and to 
a lesser extent also In Penpoul on the north 
coast of Brittany (S w e d m a rk , 1958). Gobiidae are 
represented by largely resident populations 
w ithou t major fluc tua tions through the year, In 
contrast, gobiid populations in estuaries and 
coastal areas of NW Europe, where in winter 
water temperatures norm ally fa ll below 5°C, 
show marked seasonal variations in abundance. 
Due to the settling  o f a new year class, densities 
are highest in late summer or autumn (Table 10). 
During w inter most ind iv iduals disappear and o n ­
ly a small proportion returns tor breeding the 
fo llow ing spring, when water temperatures again 
exceed 3°C. Although numbers decline due to 
m orta lity, the main cause for th is  phenomenon is 
believed to be offshore m igration, either in rela­
tion to  reproduction or to  avoid low w inter 
temperatures {cf. S w e d m a rk , 1958; J o n e s  & 
M i l l e r ,  1966; H e a le y ,  1971, 1972a; F o n d s , 1973; 
H e s th a g e n ,  1979; E v a n s  & T a l lm a r k ,  1984). By 
fish ing along the isobaths (every 10 m) in Gdansk 
Bay (Baltic), M o r a w s k i  (1978) observed 40% of 
all sand gobies to be concentrated at a depth of 
70 to 80 m during w inter. Remarkable is the 
observation that P. minutus is absent from the 
litto ra l zone of the inner Oslofjord, not only dur­
ing w inter at water temperatures below 3 to 5°C, 
but also In m id-summer at temperatures above 
19°C (H e s th a g e n ,  1977).

In Lake Grevelingen, however, the populations 
o t P. microps. P. minutus and G. niger are land­
locked from March to m id-October. A lthough 
water temperatures fa ll strongly towards the end 
of the year (Fig. 10) and part of the fish popula­
tion  m igrates to the deeper parts o f the lake, an 
exodus towards the North Sea has not been 
documented. Moreover, the decrease in numbers 
is constant throughout the period August to  July 
o f the next year (cf. F igs 3 and 4) and there are no 
ind ications of an increased rate o f “ m orta lity '’ 
during the months that the relatively sm all sluice 
would have made m igration possible.

Compared w ith other areas, gobiid densities in 
Lake Grevelingen were relatively high (Table 10). 
According to the available literature, seasonal 
peak densities vary between 0.1 and 12.7 P. 
minutus per m2. Curiously, highest densities 
were found in very shallow  water w ith  a m inor 
tida l amplitude, e.g. in the Askö area in eastern 
Sweden, while  in general P. minutus is supposed

to  live In deeper water than P. microps {cf. Muus, 
1967; F o n d s , 1973; N e l lb h in g ,  1986). In Lake 
Grevelingen too, the common goby is much more 
abundant in the litto ra l zone than is the sand 
goby.

For P. microps, densities range from 0.1 to  25.0 
fishes per m2. The score o f Lake Grevelingen Is 
relatively high, at least it was so in 1981 (Table
10).

Compared with the other two gobiids, the den­
s ity  of G. niger is generally two orders of 
m agnitude lower (Table 10). Since we did not 
survey the relatively small surface area ■ of 
submerged dike-foots, known to  be inhabited by 
G. niger ( W a a r d e n b u r g  et al.. 1984), the total, 
number of black gobies in !he lake may have 
been s ligh tly  underestimated.

Accord ing to SWEDMARK (1958) there is a 
negative relationship between the la titude and 
u ltim ate  size of P. minutus. However, th is  is not 
confirm ed by our data, since growth in Lake 
Grevelingen was, apart from being highly 
variable between years, largely s im ila r to  other 
NW European areas. A sim ilar maximum length 
of 83 mm was found in Gullmar Fjord on the west 
coast o f Sweden, while  the greatest reported 
length {viz. 95 mm) stems from Penpoul on the 
north coast of Brittany in France (S w e d m a rk , 
1958). In the Dutch Wadden Sea, the mode of 
lenglh d is tribu tion  varied between 4 and 6 cm in 
the firs t year, but increased to 7 to  9 for animals 
s till alive in the second year (F o n d s , 1973). While 
approaching the com ple tion of the ir firs t year of 
life , sand gobies in the inner Severn estuary 
reached a mean standard length of between 52 
and 53 mm ( C la r id g e  et al., 1985). corresponding 
to  a to ta l length o f approxim ately 59 mm, which 
is clearly higher than in Lake Grevelingen. It has 
been suggested that as a benefit o f abundant 
food supply (due to eutrophication) in com bina­
tion w ith high water temperatures, sand gobies 
in the Inner O slofjord atta ined average lengths of 
even 57 to 65 mm in their firs t year o f fife and 70 
to  75 mm in their second (H e s th a g e n ,  1977). 
A lthough growth may depend prim arily on water 
temperature and food supply, the marked d if­
ference in growth rate between the 1980 and 1981 
year class would appear to  be due rather to  in ­
traspecific  com petition. Densities in 1980 were 
15 tim es higher than in 1981, while  water 
temperatures hardly d iffered (Fig. 10), and in the 
lake food is not believed to  be lim iting  (see fu r­
ther on). In traspecific  com petition  for food and 
shelter observed in the bay goby Lepidogobius
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lepidus was thought to  be an adaptive phenome­
non to gain access to  lim iting  resources 
(G ro s s m a n . 1980). Hence, high densities w ill 
lead to an increase in stress and aggressive in ­
teractions, which in turn w ill a tlee t growth 
adversely. The high density in Lake Grevelingen 
in early August 1980 can be illustra ted best by 
the average surface area of only 25 cm 2 
available to  each sand goby, which had by then 
reached a mean body size of 4 cm! S im ilarly, the 
slow grow th of P. minutus at Hvervenbukta in the 
inner O slofjord, in comparison w ith a nearby bay, 
was also related to the higher population density 
(H e s th a g e n , 1977). A lso the clearing and s tock­
ing experim ents of K en n e d y  & S t r a n g e  (1986), 
carried out in an upland stream in northern 
Ireland, clearly confirm  that inter- and in- 
traspeclfic  com petition  in juvenile salmon Salmo 
salar and trout S. trutta influences both survival 
and growth rates of under-yearling fish  of both 
species.

Since in Lake Grevelingen juvenile P. microps 
grow up almost exclusive ly in the litto ra l zone, 
the absence of tida l movements combined w ith 
relatively high water temperatures (Fig. 10) could 
be responsible for the s ligh tly  better growth of 
the fish as compared w ith  other areas (Table 11). 
However, the average fina l length of the adult 
common gobies appears to  be more or less Iden­
tica l in all areas.

The theoretical mean fina l size (Loo) of black 
gobies in the Oslofjord was estimated at 11.0 cm 
for females and 11.7 cm for males, while the

largest animal measured 12.9 cm (N as h , 1984). In 
Lake Veere, O-group G. niger measured 3.6 to  4 
cm in September/October. They atta ined an 
average length of 5 to  5,5 cm after one year (from 
May to May), 8 to  9 cm after 2 years, 10 to 11 cm 
after 3 years and 12.5 to 13 cm after 4 years (V aas  
ef a/.. 1975). Anim als kept in an aquarium even 
reached lengths o l 15 to 16.7 cm. Growth in Lake 
Grevelingen was very s im ilar, but apparently the 
fish disappear from natural waters before a tta in ­
ing maximum size.

Accord ing lo  V esey  & L a n g f o r d  (1985). growth 
of G. niger In the Stanswood Bay on the south 
coast of England was faster than elsewhere 
because of raised water temperatures due to the 
cooling water d ischarge from the Fawley power 
station.

When the number of specimens and fheir 
mean lengths and weights were calcu lated back 
up to the pelagic stage, it appeared that 92 to 
98% of the annual production in both gobiid 
populations was already atta ined in the period 
prior to  the moment in late summer when the 
highest density was actually observed. As a con­
sequence of the extrapolation procedures, pro ­
duction figures for Lake Grevelingen are much 
higher (roughly 10 times) than those found in 
areas w ith  sim ilar peak densities (Table 10). 
Since extrapolation was done on the basis of 
data derived from animals larger than 20 mm, 
and m orta lity  is probably higher among the 
juveniles, the Lake Grevelingen production may 
even have been underestimated. According to

TABLE 11
Average length (In mm) of Pomatoschistus microps attained at the end ol the first (Lq) and second (L,) growing 
season In various areas and years In western Europe. In the case the standard length (SL) was measured this has 

been converted to total length (TL) on the basis of own data.

Area Year/Period SL
l-o

TL

I

SL
'1

TL Reference

Ythan estuary. E Scotland 1967 1968 33 53 H e a l e y . 1972a

Balgzand, Dutch Wadden Sea 1975 36 47 v a n  B e e k . 1976
1976 37 47 VAN o e r  G a a g , 1977

Teign estuary, SW England 1976 31 38 43 51 Fo u d a  &  M il l e r , 1981
1977 29 35 45 53 Fo u d a  & M il l e r . 1981

Severn estuary. SW England 1972-1977 30-31 ' 3 6 -3 8 ' 38-39- 45-46- C l a r id g e  et al., 1985

Lake Grevelingen. SW Netherlands 1977 37 OE G r a a f .  1979
1980 39 48 This study
1981 39 51 This study
1982 42 This study

‘ Modal length class
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estim ates from P ih l  & R o s e n b e rg  (1982), ihe 
production In a brown shrimp Crangon crangon 
population in the Gullm arsvik (western Sweden) 
would be reduced by 30 to  50% If specimens 
sm aller than 12 mm were om itted due to the 
mesh selection of a 5 mm net By changing 
towards a finer mesh size in the sam pling gear, 
E van s  & T a l l m a r k  (1984) were also able to  im ­
prove the assessment of the annual shrimp pro­
duction in the Kvarnbukten (western Sweden) by 
a factor 1.7.

Common to most areas, small crustaceans 
like Copepoda, Mysidacea, Isopoda. Amphipoda 
and Decapoda-Natantia (i.e. predom inantly 
Crangon crangon) are the main food resource for 
P. minutus and P. microps (v an  B eek, 1976; 
H e s th a g e n , 1977; m o ra w s k i, 1978; Z a n d e r  & 
H a r t w ig ,  1982; E van s , 1983, 1984; C la r id g e  ef 
a/,, 1985; M ö l l e r  e f a/., 1985), and Lake Greve­
lingen form s no exception. However, presumably 
due lo  local variations in ava ilab ility  o f prey 
types, d ie t com position  may d iffe r considerably 
between years and nearby bays (e.g. P ih l. 1985). 
Thus, m olluscs and particu larly polychaetes 
have been found to contribute  to the food of P. 
minutus as well (v an  B eek, 1976; H e s th a g e n ,  
1977; M o r a w s k i, 1978; E vans, 1984) and occa­
siona lly  also to the food of P. microps (Z a n d e r  & 
H a r t w ig ,  1982), while Ostracoda are eaten by 
both gobiids ( M ö l l e r  ef a/., 1985). Juvenile P. 
microps and P. minutus from the shallow 
brackish Schlei Fjord (German Baltic  coast) 
preyed largely on calanoids, harpactico ids and 
o ligochaetes (S c h m id t-M o s e r  & W e s tp h a l,  
1981). E v a n s  (1983) also observed that up to a 
size of approxim ately 30 mm, P. minutus fed 
merely on calanoid copepods, especia lly in July, 
while  later on and w ith increasing length they In­
cluded larger crustaceans and polychaetes.

We did not observe large differences In the 
food of the two species (cf. Fig. 9), but th is  may 
be partly because we analyzed only stomachs 
from areas deeper than 0.6 m. Therefore, it is like­
ly that In the diet o f P. microps In Lake Greve­
lingen, common food species from the litto ra l 
(e g. Corophium sp. and Crangon crangon) have 
been underestimated.

Probably due to substantia l eelgrass and 
Chaetomorpha sp. stands, covering at m ost 44 
km 2 in 1978 (N ienhu iS , 1983), Idotea chelipes, 
and to a lesser extent. Gammarus /ocosia and 
Praunus flexuosus are locally abundant in the 
lake (G r o e n e n d ijk ,  1984). In 1978 the estimated 
annual production of Praunus was roughly 150 to

402 tons ADW and ot Idotea 94 to 218 tons (A. 
F o r t u in ,  personal com m unication). Hence, at 
most 5 to  10% of th is  production was actually 
consumed by the gobiids. According to C. B ak ­
k e r  (personal comm unication), the production of 
pelagic copepods in Lake Grevelingen during the 
period 1977 to 1980 amounted roughly to 25 
(range 20 to 30) g A D W m ^ a - 1, Since the 
gobiids ate harpactico ids too, the ir annual c rop ­
ping rate has to be less than 10% o f the to ta l 
copepods production.

In view of the estim ated high annual produc­
tion  of the two species, the to ta l consum ption by 
their populations in Lake Grevelingen is also 
substantia l. From our estimates, an average food 
conversion (growth/food) o f 0.52 can be deduced 
(Table 8), which seems rather high in com parison 
w ith values given by P ih l  (1985) {viz. an average 
P/C ratio fo t gob iids of 0.31; range 0.21 1o 0.45) 
However, the net food conversion fac to r is age- 
dependent. Accord ing to our estim ates the food 
conversion was approxim ately 0.4 (range 0.3 to
0.5) for young of the year, around 0.2 for new 
yearlings and less than 0.1 for ~1 Vi-year-old 
gobies. Based on the figures given by P ih l  (1985), 
the annual food consum ption In Lake Greve­
lingen could be about tw ice as high. Even then 
food supply does not appear to  be lim iting  f* r  the 
gob iids in the lake.

In comparison w ith  published values, the 
estim ated annual m orta lity rates o t P. minutus 
( -9 9 .9 % ) and P. microps (-99 .996% ) in Lake 
Grevelingen appear to be rather high. In the 
western Wadden Sea and the adjacent North Sea 
coastal area. F o n d s  (1973) estimated, for P. 
minutus, a survival after one year (from October 
to  October) varying from 5 to  9% , while  1 to  2% 
grew even 2 years old. Besides, he found m orta li­
ty rates to be s ign ifican tly  lower in w inter than In 
summer, which is not In agreement w ith  our data. 
In the Ythan estuary (H e a le y , 1972b) and in the 
O slofjord (H e s th a g e n , 1977), a s im ilar life span 
of at most 23 m onths was found for P. minutus.

By exam ination o f the annulus form ation in 
scales, a maximum age of 21 to  26 m onths was 
estim ated for P. microps from  estuaries and 
shores o f the Isle of Man and other parts o f Great 
Brita in . Most adult fishes, however, died in the 
second autumn o f life  at an age of 12 to 20 
m onths ( M i l l e r ,  1975; F o u d a  8, M i l l e r ,  1981).

In comparison w ith the 3-year-old Gob/us niger 
found in Lake Grevelingen, a maximum of 4 year 
classes of th is  species were found together on 
the south coast of England (V esey & L a n g fo r d ,
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1985) and even 5 in Lake Veere (V a as  ef al., 1975).
In the  O s lo fjo rd  the  b lack  goby a lso  a tta in e d  an  
a g e  of a t le a s t 5 years  (N a s h , 1984).

In Lake Grevelingen the standing stocks of all 
Gobiidae together amounted to  m axim ally 1.65 g 
F W m - f  In September 1981. Other studies in- ».
d ica te  that approxim ately 0.5 g-m -2  (even 1.4 g 
in 1980) of these fishes was consumed by p la ice |
Pleuronectes platessa and flounder Platichthys |
flesus (D o o rn b o s  & T w is k , 1984) and 0.5 g -m -2 ®
was taken by ihe great crested grebe Podiceps 
cristatus and red-breasled merganser Mergus f
serrator (D o o rn b o s , 1984). Thus, at least 60% of î
the decline in gobiid biomass from late summer 
through the next spring could be accounted for 
by the predation by those fla tfish  and 
piscivorous bird species. Of the to ta l gobiid  pro­
duction, however, only 17% was utilized by them.

Other im portant predators in Lake Grevelingen 
m ight be the corm orant Phalacrocorax carbo and 
the eel Anguilla anguilla. A lthough it may not be 
the ir main prey, corm orants are known to  eat 
Gobiidae (c f. S te v e n , 1933; L a c k , 1945). In the 
lake, corm orants as well as gobies (>20  mm) at­
tain their seasonal peak densities during late 
summer to autumn. Particularly the bigger P. 
minutus would seem an appropriate prey when 
available In high densities, since corm orants 
feed In deeper water. Indeed, a highly s ign ificant 
(P<0.001; N = 10) linear corre lation was found 
between the numbers of corm orant-days over 
one year and the abundance of P. minutus (Fig.
11). Based on numbers and daily food re­
quirements, a tota l fish  consum ption by cor­
morants of 0.4 g FW m _ 2 a _1 for 1980/1981 and 
o f 0.26 g for 1981/1982 was estimated (D o o r n ­
bos, 1984). Their d iet, however, has not been ex­
amined.

Gobiids have also frequently been noticed In 
stomachs of eels from the lake. However, so far 
no quantita tive  stomach content analysis has 
been carried out. This is a serious shortcom ing, 
since A. anguilla belongs to the dominant 
predacious fish in the lake. While the catches of 
plaice and flounder decreased steadily, the 
average annual comm ercial eel landings increas­
ed, for instance, from  69 tons during 1972 to 1977 
to 85 tons (i.e. 0.8 g m - 2) during 1979 to  1982 
(D o o rn b o s , 1982, 1985). Even herring Clupea 
harengus o l 24 to 27 cm sometim es eat gobiid 
fish  during part of the year (L u ca s s en , 1985). 
Other known consumers of gobiid fish  in the lake 
are; dab Limanda limanda, turbot Scophthalmus 
maximus, brill S. rhombus, bull-rout Myoxo-

.10s
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Number of sand goby per 10O mm trawling

Fig. 11. Relationship between the number of 
cormorant-days (number of birds counted times 
number ol days spent on the lake) over one year (from 
July through June) with the mean numbers of sand 
goby caught per 100 mln. trawling over the preceding 
period January through December (see also legend of 
Fig. 12). One point for each of the years 1972 to 1982

cephalus scorpius and viviparous blenny 
Zoarces viviparus. However, the ir densities are 
rather low, as w ill be their predation im pact. In 
the stagnant Lake Grevelingen, waders, in­
c luding various species eating gobiid fish  too, 
are much less numerous than in the former estu­
ary. Nowadays, the Eurasian curlew Numenius 
arquata is, w ith  only a few hundred individuals, 
one of the most abundant wader species in the 
lake. Particularly these birds w ill benefit from 
the ir size and b ill length when foraging in 
shallow  water along the shores, where they can 
catch shore crabs Carcinus maenas and com­
mon gobies (Lam beck  ef a/., 1985).

Hence, the main part of the decline in gobiid  
biomass from late summer onwards can be ac­
counted tor by predation. However, it is s tilt 
unknown where the remaining 70 to 80% of the 
tota l gobiid fish  production goes (produced 
predom inantly by juveniles sm aller than 20 mm).

After testing several hypotheses w ith  respect 
to  changes in water temperature, sa lin ity, food 
supply and em igration to sea, H e a le y  (1971, 
1972a) supposed that the losses of P. minutus 
and P. microps in the Ythan estuary during winter 
m ight be explained by predation. However, he
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had no information on the diets of the potential 
predators. Evidence for predation was also given 
by M i l l e r  (1975) while broadly discussing the 
causes of mortality in P. microps populations 
from the Silver Burn estuary (Isle ot Man) and 
other parts of the British isles.

In a steady-state energy flow  model con­
structed (or the Ythan estuary by B a ird  & M iln e  
(1981) the annual fish  production was assessed 
at about 0,6 g C m _ 2 a _ \  of which piscivorous 
b irds removed 0.46 g C m ' 2 or 77%. A lthough 
th is  part o f the food chain has been over­
s im p lified . the high percentage (relative to other 
studies) bears a great resemblance to the e ffec ­
tive transfer of energy observed in Lake Greve­
lingen. Hence, the abundant gobiid fishes m ust 
be considered to form an im portant link between 
the lower and higher troph ic levels in the lake.

4.2. LONG-TERM VARIATION IN GOBIID 
ABUNDANCE

Ever since 1960, the estuaries in the SW 
Netherlands have been monitored w ith a 3 m 
beam traw l by the Delta Institu te  to  determ ine 
possible changes in the fish fauna w ith  par­
ticu la r reference to  the ongoing hydraulic 
engineering works (cf. V a a s , 1979). Fig. 12 shows 
data for the catch per un it o f e ffo rt of the 
Gobiidae compiled for the Grevelingen. However, 
It is possible that the P. microps samples are not 
representative, since fish ing was done 
predom inantly w ith a 10 x 10 mm net in an area 
deeper than 5 m.

Contrary to  P. minutus, the population size of 
P. microps increased alm ost im m ediately after 
the enclosure in 1971. This suggests tha t litto ra l 
cond itions became increasingly favourable for P. 
microps, which prefers the shallow  (less than 1 m 
deep) waters of estuaries, fjords and bays (cf. 
J o n e s  & M i l l e r ,  1966; Muus, 1967; H e a le y ,  
1972a; P ih l  & R o s e n b e rg , 1982; N e l lb r in g ,
1986). A marked decline in numbers fo llowed du r­
ing 1979 to 1980, the period co incident w ith  an in­
crease In P. minutus. C om petition for food would 
appear to be an obvious explanation, since both 
species prey on rather s im ilar organism s (see 
Chapter 3.7.). A lso in  com petition  experim ents, 
E d lu n d  & M a g n h a g e n  (1981) observed P. 
microps to  be suppressed by P. minutus when 
they lived together. However, in  Lake Greve­
lingen both populations occupy spatia lly  largely 
separated habitats. Also changes In ch lo rin ity  in 
the course of tim e can hardly be suspected to

have affected the breeding success of P. microps 
and P. minutus in the Grevelingen seriously, 
because estuarine species w ill be well adapted 
to  fluc tua ting  sa lin ities.

Accord ing to  F o n d s  (1973) the lethal 
temperatures tor P. microps and P. minutus kept 
in sea water (S a8) are about — 1°C and - 1 .7 t’C, 
respectively. However, the cond ition  of P. 
microps starts  to  deteriorate already at 
temperatures close to  0°C. Hence, th is  species 
may have suffered considerably from  the severe 
w inter o f 1978/1979, when temperatures fe ll to  
0°C in the 5 to 15 m water co lum n and even 
below -  1°C in the 0 to  5 m top layer (B a k k e r  & 
de V r ie s , 1984).

A fter the extremely severe w inter ot 1962/1963, 
P. microps had disappeared from the Dutch Wad­
den Sea and was not found again until the sum ­
mer of 1965, while  during that period the 
population size o t P. minutus was estim ated to 
be tw ice as high as in 1961 and 1962 
(C r e u tz b e r g  & F o n d s , 1971), Also in the 
brackish Lake Veere the numbers of P. microps 
had decreased dram atica lly after the w inter o f 
1962/1963. and the recovery took about 2 years. 
At the same lim e the population size of P. 
minutus was hardly affected (V a as , 1970). These 
data support the hypothesis that the collapse ot 
the P. microps population In Lake Grevelingen In 
1979. fo llowed by a retarded restoration, was 
m ainly caused by the low water temperatures 
during the 1978/1979 winter,

It is unclear what may have caused the s ig n ifi­
cant increase in the P minutus population dur­
ing the 1979 to 1981 period (Fig. 12). In 1978 
m anipulation experiments w ith  the newly built 
s lu ice  in the Brouwersdam resulted in a com b in ­
ed tem perature-salinity s tra tifica tion  of the 
water masses (B a k k e r  & de V r ie s , 1984). In 1979 
the slu ice was open to the North Sea for the 
whole year, also resulting In a persistent 
s tra tifica tion  from the end of May to September 
(de Vos ef a/., 1980). Both s tra tifica tions  have 
caused mass m orta lity  among the benthic fauna 
below about 8 m (B a n n in k  et al., 1984), As gobiid 
fish lay the ir eggs preferably inside or 
underneath bivalve shells (W h e e le r ,  1969, 1978: 
R u s s e l l ,  1976) P. minutus, breeding predom i­
nantly in 10 to 25 m deep water (F o n d s , 1971, 
1973), could have taken advantage o f the sudden 
amount o f vacant spawning places. This 
hypothesis is supported by the recently pub lish ­
ed results of the experim ents carried out by 
N e l lb r in g  (1986) in a shallow bay In the Baltic.
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Fig. 12 N um bers (N) of P om atoschis tus m icrops, P. 
m inu tus  and Gobius n ige r caught per 100 m in. traw ling  
in the deeper parts o f the G revelingen. F ish ing  was 
done by the Delta In s titu te  w ith  a 3 m beam traw l 
(w ithou t tic k le r chain) in an area deeper than 5 m. C a t­

ches are standard ized for 10 x 10 mm mesh size.

He clearly demonstrated that a lack of suitable 
substrates lim ited the nesting of gobies in the 
bay. By offering a rtific ia l nest material, the den­
s ity  of breeding P. minutus increased 20 times 
compared w ith the natural s ituation. But how 
could P. minutus cope w ith the low oxygen con­
d itions near the bottom  of Lake Grevelingen, 
while the benthos died? Another explanation 
m ight be that large numbers of P. minutus have 
immigrated from the North Sea through the 
Brouwerssluice. An ind ica tion  that im m igration 
took place is that the painted goby P. pictus  was 
observed in the lake for the firs t time in 1979 
(D oornbos. 1981).

Gobius niger was firs t caught in 1976 (Vaas, 
1979) and soon became abundant (Fig. 12). Apart 
from  the decline in the catches in 1981, the

population size appears to be increasing 
steadily.
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1. I N T R O D U C T I O N

By constructing  the G revclingendam  on the east side fin ished in  1964 
and the closure o f  the Brouwershavensche Gat in 1971 on the west side 
o f  the fo rm e r estuary, a stagnant saline Lake G revelingen (108 km 2) 
has been created (F ig . 1). A fte r  the contact w ith  the N orth  Sea had been 
broken the c h lo rin ity  in  the lake decreased steadily, from  17 to less than 
13‘Voo C U  ( N i e n h u i s , 1978). In  D ecem ber 1978, the Brouwerssluice, 
b u ilt to exchange water from  the lake w ith  seawater, became operative. 
F rom  then onwards the ch lo ride  concentra tion  stabilized at about 
1 6 % o  C l ( B a n n i n k  et a l., 1984).

T he  closure has resulted in  a m a jo r change in  the abundance o f  fish- 
eating b irds. Before 1971, the m ax im um  n um be r o f G reat Crested 
G rebe Podiceps cristatus am ounted to on ly  80 b irds ( W o l f f, 1967). A fte r  
the closure, the peak numbers, reached d u r in g  w in te r o r early spring, 
increased rap id ly  from  2100 in  1972 to 9400 b irds in  1975 (Saeijs &  Ba p -

'  Communication nr. 298 o f the Delta Institute for Hydrobiological Research, Yerseke, 
The Netherlands
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ti st, 1976a, 1976b). C ons ide ring  tha t the size o f  the northwestern 
European popu la tion , b reed ing  in  Sweden, Norway, D enm ark, n o rth ­
ern G erm any and The Netherlands, is estim ated at about 9000 pairs 
( L eys &  d e  W ilde, 1971), Lake G reve lingen has become one o f  the 
m ain  areas vis ited by m ig ra tin g  grebes.

In  the fo rm e r estuary, a m ax im um  o f 91 Red-breasted M ergansers 
Mergus serrator was present. A fte r  the closure, the num be r increased 
from  450 d u rin g  the 1971/1972 w in te r to 1100 b irds in  A p r il  1975. 
S im ila r developments hold fo r the C o rm o ra n t Phalacrocorax carbo, O n ly  
2 specimens were observed before 1971, w h ile  the au tu m n  peak increas­
ed from  325 in 1972 to 640 b irds in 1974. T he  m ax im um  num ber o f 
G rey H eron  Ardea cinerea, the least p ro m in en t o f the p iscivorous species, 
increased from  about 20 (before  1971) to 170 specimens in September 
1973 ( W o l f f, 1967; W o l f f et al. , 1976; Saeijs &  Baptist, 1976a).

T he  m a jo r increase in  the n um be r o f fish -eating  b irds has been 
related to the much h igher transparency o f the water ( W o l f f et a l. , 
1976; Saeijs &  B aptist, 1976a, 1977). Secchi-disc values o f 2 to 9 m were 
measured in  the lake, w h ile  those p reviously in the estuary were on ly  
0.5 to 2.5 m ( N ienhuis, 1978; Ba n n i n k  et al. , 1984).

Fig. i. M ap  of Lake Grevelingen (SW  Netherlands). Depth contours in meters. Per­
manently dry areas shaded. Sampling places of individual Great Crested Grebes (O ) 
and Red-breasted Mergansers ( D )  are indicated. Numbers refer to individuals in A p­

pendix 2.
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A lm ost no th ing  was know n about the im pact o f  the fish-eating b irds 
on the fish popula tions in Lake G revelingen. However, the sharp fall in 
the popu la tion  size o f  the gob iid  fish d u r in g  every au tum n  and w in te r  
in  the absence o f p iscivorous fish in  the lake has been conceived to be 
an ind ica tio n  o f heavy predation by b irds ( D o o r n b o s , 1981). I t  ap­
peared that on ly  1-2% o f the O -g roup  anim als present in August sur­
vived the w in te r period.

T he  a im  o f the present study is to gain m ore ins ight in to  the preda- 
to r-p rey  re la tionsh ip  between these b irds and the fish. The m a jo r ques­
tions are: what do the b irds prey on and what share o f  the annua l p ro ­
duction  o f the various fish species do they consume?

Acknow ledgem ents.—T h is  study was pa rt o f  the Z O W E C  pro ject 
(saline water ecology) and financed by the D eltadienst o f  R ijksw a te r­
staat. I  am m uch indebted to a ll o f  those who assisted in  the fie ld  and 
in  the laboratory, as well as those w ho gave valuable advice and support.
1 especially want to m ention : M .G . M o l o f  Staatsbosbeheer, R L . M e i­
n inge r o f  the D eltadienst, W .J.L. Robër and P. de K o e ije r o f  the 
research vessel “ M a ris  Stella” , D r  A.G . V lasb lom  and J.J. G uerand  o f 
the b iom a them atica l departm ent, M rs  M .J. van Leerdam -de D reu  who 
d id  the typ ing , A .A . Bolsius fo r m ak ing  the fina l draw ings and M rs  P. 
P o llen -L indeboom  fo r co rrecting  the English text. R .H . Bogaards 
assisted in  the fie ld  and dic! most o f  the labora to ry  analyses, w h ile  D r  
F .H .M . Borgsteede o f the C en traa l D iergeneeskundig  In s titu u t iden ­
tifie d  the in testina l worm s o f the birds. D r  N. Daan and R .H .D . Lam - 
beck gave com m ents on the firs t d ra ft o f  the m anuscrip t.

2. M A T E R I A L  A N D  M E T H O D S

Based on the b iw eekly b ird  counts o f  Staatsbosbeheer, started in  the 
G reve lingen in 1971 (Saeijs &  B aptist, 1976a, 1978), the popu la tion  
developm ent o f  the p iscivorous b irds in the lake d u rin g  1971 to 1982 has 
been derived. F rom  these data, the annual num ber o f  b ird-days and the 
tota l food consum ption  has also been estimated.

D u r in g  each m onth in  the period  Decem ber 1981 th rough M arch  
1982, 6 to 7 G reat Crested Grebes and Red-breasted M ergansers, the 
tw o most num erous fish-eating b ird  species, were shot from  a small 
boat at th e ir most p ro m in en t fo rag ing  areas at that m om ent. 
M ergansers were usua lly shot in the eastern part o f the lake and grebes 
in the western, p a rticu la rly  d u r in g  February and M arch  (F ig . 1). In  
to ta l, 25 ind iv id ua ls  o f  the two species were collected. A fte r  m easuring, 
w eighing, aging and sexing, the gullet and stomach contents were 
removed and preserved in a 70% alcohol solution.
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In tac t food items could  be iden tified  d irectly. T he  rem ains o f  the 
m ore or less digested preys were de te rm ined  by the revealing species 
specific o to lith s  (fish) o r claws (shrim ps).

U sing the re la tionsh ip  between the fish length and the size o f the 
o to liths, the length o f  the fish consumed by the b irds can be recon­
structed by m easuring the length  o f the o to liths  in  the stomach contents 
( e.g, P o p o v a ,  1978; D o o r n b o s ,  1979). O to lith  and claw lengths were 
measured using a dissecting m icroscope w ith  a m icrom eter eyepiece. 
The types o f measurements taken are ind ica ted  in  F ig. 2. Subsequently 
the length o f  the fish has been converted in to  fresh weight on basis o f  an 
average length-w eight re lationship. To construct the various co rre la tion  
diagram s requ ired , approx im ate ly  100 specimens o f each o f the m ain  
food species were measured (F ig . 2; Table 1). D is c rim in a tio n  between

P o m a to s c h is tu s  m icrops I ° ) 
P o m a to s c h is tu s  m inu tus  ( •  )

Crangon c rangon
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Fig. 2. a. Relationship between otolith length and fish length in fbmatoschistus microps (O ) 
and P. minutus ( • ) .  b. Relationship between ventral shield length anti fish length in 
Gasterosteus aculeatus, c. Relationship between daw  length and body length in Crangon 

crangon. For regression-equations see Table 1.
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T A B L E  1

Relationships between body length (L  in cm) and fresh weight (W  in g) and between length 
(X  in ram) of otolith, or ventral shield, or claw, and body length ( L in  cm) for the most impor­

tant prey species. Approximately 100 individuals per species were measured.

Species Size range 
(cm)

-c.cII Object of 
determination

L =  m X + n

Pomatoschistus microps 2- 5 W . 0.00822 L 3 082 otolith L = 3.44 X _ 0.36
Pomatoschistus minutus 2- 8 w - 0.00497 L 3 281 otolith L 3 37 \ - 0.20
P. microps +  P. minutus 2- 8 w - 0.00798 L 3 025 otolith L - 3.27 X - 0.18
Gobius niger 2-13 w = 0.00766 L 3 241 otolith L = 2.10 X + 0.64
A thermo presbyter 5-14 w - 0.00355 L 3 298 otolith I. . 2 .80 X + 0.01
Clupea harengus 7-18 w - 0.00861 L 2 922 otolith L - 4.72 X - 0.07
Sprattus sprattus 6-14 w - 0.00237 L 3 542 otolith L - 6.80 X - 0.89
Gasterosteus aculeatus 2- 7 w = 0.01157 L 2 815 ventra l shield L - 3.38 X + 1.07
Crangon crangon 1- 8 w - 0.00699 L 3 326 claw L - 1.60 X + 0.73

the o to liths  o f  the closely related com m on goby Pomatoschistus microps and 
sand goby P. minutus was not possible, a lthough the fo rm e r is generally 
the sm aller o f the two (F ig . 2a). In  add ition , the o to liths  o f the black 
goby Gobius niger sm aller than +5 cm were d iff ic u lt to d iscrim ina te  from  
those o f the o ther gob iid  species. In  the case o f doub t they were treated 
as being P. microps o r P. minutus. Since the o to liths  o f the three-spined 
stickleback Gasterosteus aculeatus are very sm all, the ir spiny ventra l 
shields (bas ip te ryg ium ) proved to be m ore useful (F ig . 2b). In  case o f 
the b row n sh rim p  Crangon crangon, body length was related w ith  the claw 
(dactylus) length (F ig . 2c). T he  num be r o f  o to liths  and claws o f  a 5 m m  
length  class found in the stomach contents o f  a b ird  was d iv ided  by two 
to obta in  the num ber o f fishes o r shrim ps eaten, respectively (odd 
num bers were rounded up).

In  add ition  to the food items, all o ther items recognized in the gullets 
and stomachs were iden tified  as well. A  b r ie f enum era tion  is given in 
A ppend ix  1.

By extrac ting  the d ried  (at 8 0 °C ) carcasses three times w ith  su ffic ien t 
fresh petro leum  ether (b o ilin g  range 40-60°C ), the fat content o f the in ­
d iv id u a l b irds was obtained.

3. R E S U L T S

3.1. L O N G - T E R M  D E V E L O P M E N T S  I N  T H E  N U M B E R  O F  B I R D S

A fte r  a rap id  increase d irec tly  a fte r the closure o f the estuary the m ax­
im u m  num ber o f  w in te rin g  grebes stabilized between 1975 and 1978, 
w ith  peak values reaching 7000 to 10 000 b irds in early spring (F ig . 3a).

117



N u m b e r  
*  ICO

G. D O O R N B O S  

Podiceps cris ta tus
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Fig. 3. M onthly peak numbers of: a. Great Crested Grebe Podiceps cristatus, b. Red- 
breasted Merganser Mergus serrator and c. Corm orant Phalacrocorax carbo. Data obtained

from Staatsbosbeheer.
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T A B L E  2
Seasonal (1 July-30 June) number of bird-days (B -D ) per species, and the estimated an 

nual food consumption (F  in metric tons fresh weight) in the period 1971 to 1982.

Period Great Crested Crebe Red-breasted Merganser Cormorant Grey Heron Total

F
(tons)

B D
( I O 3)

F
(tons)

B-D
( I O 3)

F
(tons)

B-D
( I O 3)

F
(tons)

B-D
( I O 3)

F
(tons)

71-72 91.3 18.7 44.6 9.0 4.6 1.7 2.4 0.6 30.0
72-73 179.7 36.8 103.1 20.8 29.2 10.7 8.0 2.0 70.3
73-74 368.3 75.5 98.6 19.9 33.5 12.3 7.3 1.8 109.5
74-75 294.5 60.4 127.5 25.8 32.5 12.0 2.5 0.6 98.8
75-76 561.4 115.1 120.4 24.3 38.8 14.3 4.1 1.0 154.7
76-77 515.7 105.7 122.9 24.8 39.6 14.6 2.9 0.7 145.8
77-78 456.1 93.5 111.2 22.5 42.6 15.7 2.3 0.6 132.3
78-79 396.4 81.3 186.8 37.7 50.2 18.5 2.0 0.5 138.0
79-80 112.1 23.0 108.4 21.9 70.3 25.9 3.1 0.8 71.6
80-81 215.8 44.2 209.3 42.2 128.0 47.1 4.3 1.1 134.6
81-82 227.2 46.6 194.2 39.2 77.8 28.6 1.9 0.5 114.9

Subsequently, the peak declined again to less than 3000 ind iv idua ls  in 
1980/1981. However, accord ing  to the num ber o f  b ird-days spent in  the 
area by grebes, the decline in the tota l v is itin g  tim e  already started in 
1976/1977 and reached its lowest value in 1979/1980 (Table 2).

In  contrast to the grebes, the presence o f  the Red-breasted M e r ­
ganser s till increases, a lthough less rap id ly  (F ig . 3b; Table 2). D u r in g  
1978 to 1982, w in te r peaks reaching 2000 b irds o r m ore were not u n ­
com m on.

T he  n um be r o f  C orm oran ts  w h ich  p redom inan tly  v is it the area from  
J u ly  th rough O ctober has also increased (F ig . 3c; Table 2). Except in 
August 1980, the annua l peak num bers appear fa ir ly  stable, flu c tua ting  
from  500 to 800 specimens.

T he  G rey H eron  is the least num erous o f all (Table 2). M a x im u m  
num bers were generally observed in September and ranged between 23 
(1971) and 169 (1973) ind iv idua ls.

3.2. S P E C I E S  S E L E C T I O N

From  the contents o f  the gullets and stomachs o f  the 25 grebes shot a 
to ta l o f 1208 prey items could be reconstructed, 93%  o f w hich were 
sm all fishes and 7% brow n shrim ps (Table 3). A m o ng  these, gobiid  fish,
i.e. Pomatoschistus microps, P. minutus and Gobius niger, were p redom inan t, 
both in  num ber (88% ) and biomass (61%). Sm all pelagic fish such as 
the three-spined stickleback Gasterosteus aculeatus, sprat Sprattus sprattus 
and sand-smelt Atherina presbyter were o f  m in o r im portance. Because o f
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T A B L E  3

Reconstructed number (N ) and fresh weight (W  in g) of prey of various types in the 
stomach contents of 25 Great Crested Grebes and 25 Red-breasted Mergansers (n.i. = 

not identified, * = pro forma weight).

Prey species Great Crested Grebe Red-breasted Merganser

N % W % N % W %

Fish
Gobiidae 1062 87.9 901 60.8 662 61.8 600 59.2
Clupea harengus 38 3.1 316 21.3 - - - -

Sprattus sprattus 16 1.3 105 7.1 - - - -
Atherina presbyter 8 0.7 9 0.6 4 0.4 3 0.3
Gasterosteus aculeatus 1 0.1 1 0.1 50 4.7 61 6.0
Anguilla anguilla - - - - 12 1.1 33 3.3
Syngnathus rostellatus - - - - 1 0.1 1 0.1
Merlangius merlangus 1 0.1 30 2.0 - - - -
Gadus sp. 1 0.1 30* 2.0 - - - -
n.i. - - - - 2 0.2 10* 1.0

to ta l fish 1127 93.3 1392 93.9 731 68.3 708 69.9

Crustaceans
Crangon crangon 80 6.6 88 6.0 333 31.1 284 28.0
Carcinus maenas 1 0.1 2 0.1 6 0.6 21 2.1

to ta l crustaceans 81 6.7 90 6.1 339 31.7 305 30.1

Total all prey 1208 100 1482 100 1070 100 1013 100

th e ir  re la tive ly  h igh  in d iv id u a l weight, the few h e rr in g  Clupea harengus 
taken by the grebes accounted fo r 21% o f the to ta l am ount o f  food in  
weight.

T he  stomachs o f the mergansers revealed the rem ains o f 731 (68% ) 
fishes and 339 crustaceans (Table 3), o f  w h ich  gob iid  fish (62% ) and the 
b row n sh rim p  Crangon crangon (31% ) were the d o m in a n t prey species. 
T he  crustaceans accounted fo r a m uch larger p ro p o rtio n  o f the food in  
w e igh t (30% ) than in the grebes. H e rr in g  and sprat were no t found at 
all, w h ile  o ther prey, i.e. sand-smelt, stickleback, eel Anguilla anguilla and 
N ilsson ’s p ipefish Syngnathus rostellatus, were ins ign ifican t.

In  terms o f num bers, the percentage o f  gob iid  fish in  the stomachs o f 
the b irds large ly reflects the (demersal) fish fauna o f the lake, as in ­
dicated by the beam traw l catches d u r in g  Septem ber to O ctober 1981 
w hich  consisted fo r 97%  o f G obiidae  (F ig . 4). However, in  term s o f 
weight the share o f these small fishes was on ly  44%. Due to the s im ila r i­
ty  in the o to liths  there is no d irect evidence o f selection on a p a rticu la r 
gob iid  species.
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NUMBER WEIGHT

Great Crested Grebe

Dec.'81 -  March '82

647
94.2

58

353

Wt = 1392 gNi = 1127

"Beam traw l

Ni = 31039

R ed-breasted  Merganser 
'81 -  March

Nt = 731 Wt = 708 g

]  Gobnd fish  F latfish  ( P leuronectiform es) | | Other tish  species

Fig. 4. Comparison of number and biomass percentages of the main fish species (ex­
cluding crustaceans) in the stomach contents of the grebes and mergansers with those 

in beam trawl catches during September and October 1981.

3.3. S I Z E  S E L E C T I O N

T he  fish taken by the grebes and mergansers were generally small; ap­
p rox im a te ly  95%  ranged between 2 and 7 cm. O n ly  the few sprat and 
he rrin g  consumed by the grebes were bigger, an average o f 9.1 cm

1 2 1
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Gobiidae

Crangon crangon
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Red - breosled Merganser Red-breasted Merganser
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Fig. 5. Comparison of Icngth-frequency distribution of: a. Gobiidae and b. Crangon 
crangon eaten by grebes and mergansers with that of the fishes and shrimps in the lake. 

The average lengths are indicated by a horizontal bar.

(range 6 to 11.5 cm ) and 10.1 cm  (range 7 to 15 cm), respectively, and the 
eel eaten by the mergansers ranged fro m  10 to 18.5 cm.

W hen com paring  the length-frequency d is tr ib u tio n  o f  G obiidae  in 
the stomachs w ith  that found in  the lake, it appears tha t the b irds 
selected the larger ones (F ig . 5a). T he  reconstructed length o f the Fish 
fro m  the stomachs was on the average 7 m m  longer than those in the 
lake. U n fo rtuna te ly , no data on Crangon crangon are available fo r the lake 
in  1981, b u t assum ing the same size d is tr ib u tio n  fo r 1981 as in  N ovem ­
ber 1982, the grebes showed a tendency to select the larger specimens, 
and ce rta in ly  larger specimens than the mergansers (F ig . 5b).

3.4. S E A S O N A L  P A T T E R N S  I N Q U A L I T A T I V E  A N D  Q U A N T I T A T I V E  

S T O M A C H  C O N T E N T S

A lth ou g h  almost a ll b irds were shot at about the same tim e  o f the day,

1 2 2



C O N S U M P T I O N  B Y  P I S C I V O R O U S  B I R D S

the D ecem ber and January  b irds conta ined s ign ifican tly  m ore prey 
specimens (p  <0 .01) than the February and M arch  ones (F ig . 6a and 
b). P a rticu la rly  the num ber o f  G obiidae in  the stomachs decreased 
sharply in the course o f the w in te r season. For the G reat Crested Grebe 
the decline o f  gob iid  fish in  the d iet was (pa rd y ) compensated by a 
h igher consum ption  o f re la tive ly  heavier and fa ttie r c lupe id  fish (F ig. 
6c). In  case o f  the Red-breasted M erganser no s ign ifican t compensa­
tion  could be observed (F ig . 6d). O n  the contrary, in  the course o f  the 
w in te r season the mergansers changed to sm aller sized shrim ps (F ig . 7). 
N o sh ift in  the average length o f  the consumed gob iid  fish was observed.

Great Crested Grebe
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20

D J F M

80,

ai 6 0 .
CL ^

l/l > a»
a- L 0 .

o
ÜJn
Ê
D

20 b
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R ed-breasted Merganser 

8 0 -,

S
D J F M 

Month

6 0 .
T)
ñ
a) ¿0 .
CL

ÿ
IX

en 20

Y/A  Gobiidae 

Clupeidae 

J Crangon crangon 

I I Rest

D J F M 
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Fig. 6. M ean stomach content per bird during December to M arch, based on the 
reconstructed numbers and weights of the prey.
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Fig. 7. Monthly change in length-frequency distribution of Crangon crangon in the 
stomachs o f the Red-breasted Merganser. The average lengths arc indicated by a ver­
tical bar. The size of the consumed shrimps is significantly larger (/> <0 .001) in 

December than in the subsequent months.

3.5. F O O D  C O N S U M P T I O N

T he  average da ily  food consum ption  (F  in  g) o f  grebes and mergansers 
in  the w ild  was estimated from  th e ir  live weights (W  in g) accord ing  to 
the equation by N i l s s o n  &  N i l s s o n  (1976):

log F = -0 .2 9 3  + 0.850 log W

T he  male grebes shot weighed on an average 1288 g and the females 
1031 g (A p pe nd ix  2). A ssum ing a mean grebe weight o f  1160 g, a con-
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sum ption  o f  205 g fish per day is estimated. S im ila rly , a da ily  food in ­
take o f 202 g fish has been derived fo r  a mean m erganser w eigh ing  1139 
g (O ' O’ on an average 1267 g and 9  9  1010 g; A p pe n d ix  2).

To estimate the annual food consum ption o f the grebe and m erganser 
popula tions, th e ir da ily  fish intake has been m u ltip lie d  by the num ber 
o f  b ird-days. For the C o rm o ra n t and G rey H eron  a d a ily  consum ption  
o f 368 g and 248 g, respectively, was estimated on the basis o f reported 
mean body weights from  lite ra tu re  data (about 2312 g and 1452 g, 
respectively; B a u e r  &  G lutz v o n  B l o t z h e i m , 1966; C r a m p  &  S i m m o n s , 
1977).

T he  thus estimated tota l annual fish consum ption  by b irds in  Lake 
G revelingen increased from  30 m e tric  tons in  the firs t year a fte r the 
closure to 155 tons in  1975/1976 (Table 2). A p p ro x im a te ly  over the same 
period the share o f  the grebes in  the to ta l consum ption increased from  
52%  to 74%. As a consequence o f  a decline in the num ber o f  grebes in  
1979/1980, the total fish consum ption  then decreased to less than 72 
tons.

D u r in g  1981/1982 the fish consum ption  by birds am ounted to 115 
tons, o r 1.1 g fresh weight (F W )-m -2 -a -1, 46.6 (41%) and 39.2 (34% ) 
tons o f w hich were accounted fo r by the grebes and mergansers, res­
pectively. O f  the m a in  prey species, 52 tons o f  sm all gobiid  fish, 14 tons 
o f  Crangon crangon and 10 tons o f Clupea harengus were consumed by the 
grebe and m erganser popu la tions (Table 4). In  term s o f num bers, these 
figures represent approx im ate ly  72, 18 and 1.4 m illio n  in d iv id u a l 
G obiidae, b row n shrim ps and herring , respectively.

T A B L E  4

T he  standing stocks of the main prey species as observed in September/October 1981 
and the amounts and relative shares consumed by the populations of the Great Crested 
Grebe and Red-breasted Merganser during the subsequent winter season. The essen­
tial data about the fish stocks have been derived from regular trawling surveys. The  

standing stock of Crangon crangon is unknown.

Prey species Standing slock 

(tons F W ) Grebes

Consumption (tons 

Mergansers

F W )

Total %

Pomatoschistus microps 
Pomatoschistus minutus 
Gobius niger

109
26

7
142 28.3 23.2 51.5 36.3

Clupea harengus 36 9.9 - 9.9 27.5
Sprattus sprattus 10 3.3 - 3.3 33
Gasterosteus aculeatus 21 0.0 2.4 2.4 11.4
Atherina presbyter 32 0.3 0.1 0.4 1.3
Crangon crangon ? 2.8 11.0 13.8 ?
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Thus, d u r in g  the w in te r period  the grebes and mergansers consumed 
app rox im a te ly  28 to 36%  o f the s tand ing  stocks of' G obiidae, Clupea 
harengus and Sprattus sprattus present at the a rr iva l o f  the b irds in  
Septem ber/O ctober (Table 4), and on ly  11% o f the popu la tion  o f  the 
spiny Gasterosteus aculeatus. In  add ition , the p reda tion  o f Atherina presbyter 
is rem arkab ly low  (1%).

4. D I S C U S S I O N

A lth ou g h  o n ly  a small n um be r o f b irds could be k illed  fo r purposes o f 
stomach analyses, the shooting  in  areas where the b irds were most 
abundan t and the num ber o f  prey item s iden tified  jus tify  the b e lie f that 
the in fo rm a tio n  obta ined yields representative figures fo r the food spec­
tru m  o f the grebes and mergansers fo rag ing  on Lake G reve lingen d u r ­
ing the w in te r 1981/1982. O f  the 2275 prey specimens iden tified , 76% 
were G obiidae  and m ore than  80%  o f the b irds collected conta ined the 
rem ains o f  gobiid  fish, w hich matches the predom inance o f these 
species in  the stand ing stock in  the lake. In  add itio n , the prey species 
observed were a ll com m on to the lake and no species from  outside the 
area were found.

Average fat contents o f 18.6 ± 6.0%  and 14.8 ± 5.3%  were meas­
ured fo r the grebes and mergansers, respectively (A p pe nd ix  2). Thus, 
the b irds shot appear to have been in good health. The grebes collected 
in M arch , however, were ra ther lean (on an average 10.9 ± 4.6% fat), 
con ta in ing  s ign ifican tly  less fat (p  <0.001) than the b irds from  the 
previous m onths. From  a sample o f 750 G reat Crested Grebes acciden­
ta lly  drowned in  com m ercia l fish ing  nets in  Lake IJssel (The  
N etherlands) d u r in g  the w in te r m onths o f  1979/1980 and 1980/1981 
(O ctobe r to M arch ), 42 selected b irds (representing  the range in 
weights) had an average fat content o f  19.0% (cf. P ie r s m a ,  1984). 
Twelve Red-breasted M ergansers caught in the same m anner, co n ta in ­
ed on an average 15% fa t (M .R . v a n  E e r d e n ,  personal com m un ica ­
tion ). Twenty one o f the closely related Smew Mergus albellus shot on 
Lake IJssel d u r in g  January  to M a rch  1977 had a fa t content o f 
17.3 ± 4.6% ( D o o r n b o s ,  1980).

Since the digestion rate m ay va ry  w ith  prey type some bias m igh t 
have been in troduced by using long iden tifiab le  rem ains (o to liths , etc.) 
to reconstruct the size o f the prey consumed. A lth o u g h  varia tions due 
to prey species cannot be accounted for, the close correspondence be­
tween the lengths o f the in tact b row n  shrim ps found  in  the merganser 
gullets and those o f the ind iv idua ls  reconstructed by means o f the claw 
size (F ig . 8) indicates that size dependent va ria tion  in digestion tim e 
w ill not have caused a s ign ifican t bias.
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Fig. 8. Comparison of the frequency distribution o f lengths of intact individuals of 
Crangon crangon found in the gullets of mergansers witti that of lengths reconstructed by 
means of claw sizes found in the stomach contents of the birds. The average lengths are 

indicated by a horizontal bar.

In  general, the food spectrum  observed agrees well w ith  the available 
lite ra tu re  {e.g. M a d s e n ,  1957; B a u e r  & G l u t z  v o n  B lo t z h e im ,  1966, 
1969; C r a m p  &  S im m o n s , 1977). In  brackish and m arine  habitats 
G obiidae  have been found to be the dom inan t food species fo r grebes. 
In  add itio n  to  gobiid  fish, mergansers are know n to prey heavily on 
Gasterosteidae and crustaceans, p redom inan tly  Crangon crangon. 
G ob iidae  p robab ly  represent the m ain food source in o ther years as 
well, as is ind icated  by the observed 173 o to liths  o f  gob iid  fish, 2 o ï Sprat­
tus sprattus and I o f Clupea harengus in the stomach o f a deadly wounded 
(by G rea t Black-backed G ulls Larus marinus) grebe collected in  Ja n u a ry
1981. M oreover, a h igh ly  s ign ifican t (p  <0 .01; n =  10) line a r co rre la ­
tion  was found  in  the lake between the density o f P. microps in  one year 
(based on catch per u n it o f e ffo rt) and the num ber o f  grebe-days d u rin g  
the succeeding w in te r season (F ig . 9). O n  the o ther hand, three grebes 
from  M a y  1974 conta ined 1 C. harengus and 3 S. sprattus ( S a e i js  &  B a p ­
t i s t ,  1976b), a lthough these authors neglected sm all items such as 
o to liths. A t that tim e sprat was also m ore abundant than nowadays 
( D o o r n b o s ,  198'2).

To assess the food requirem ents o f  the b ird  popu la tions in  Lake 
G reve lingen, W o l f f  et al. (1976) m u ltip lie d  the standard m etabolic rate 
M , obta ined from  the equation o f L a s ie w s k i  &  D a w s o n  (1967) w ith
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Fig, 9. Relationship between the number o f common goby Pomatoschistus microps caught 
in 100-minute trawling periods over one year with the number of grebe-days in the sub­
sequent winter season for the period 1972 to 1982. Fishing was done with a 3 metre 
beam trawl in an area deeper than 5 m and catches are standardized for 10 x 10 mm

mesh size.

respect to nonpasserines, by 5 .  However, accord ing  to  N i l s s o n  & 
N i l s s o n  (1976), the food intake o f  free -liv ing  p iscivorous b irds would  be 
about 3 times the standard m etabolism  and 2 times the existence energy 
( K e n d e i g h , 1970). T h e ir  equation leads to a da ily  intake o f 17 to 18% 
o f the body weight o f a m ed ium  sized b ird . Recently, K i r k w o o d  (1983) 
has shown that on ly d u r in g  short periods o f intensely energy-dem and­
in g  cond itions the m ax im um  food intake by b irds and m am m als may 
increase up to 5 tim es the fasting  m etabo lic rate (=  M ). A n  average d a i­
ly  m etabolic rate o f 2.6 tim es M  ( D r e n t  &  D a a n , 1980) results in  a food 
consum ption  o f app rox im a te ly  0.18 g A D W  ( — 0.9 g F W )-m ~ 2-a _1 by 
piscivorous b irds in Lake G reve lingen over 1972 to 1975 ( W o l f f  et al. , 
1976). In  Lake M ocke ln , southern Sweden, fish consum ption  by birds 
has been assessed at 0.8 g F W m ~ 2-a 1 ( N i l s s o n  &  N i l s s o n , 1976), 
These figures are o f  the same o rder as reported  here (1.1 g 
F W  m 2 a -1) fo r Lake G reve lingen in  1981/1982. O n ly  d u r in g  1975 to 
1979 the fish consum ption  was somewhat higher, viz. an average o f 1.3 
g F W  m _2' a _1.
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A consum ption  by b irds o f  28 to 36%  o f the stand ing stocks such as 
those found in Lake G revelingen does not appear to be unrea lis tica lly  
high. A ccord ing  to A i n l e y  (1980), seabirds may consume about 20 to 
35%  o f  the annual prey p roduction  and since p roduction  figures fo r 
small fish such as G obiidae on ly s ligh tly  exceed the ir m ax im um  yearly 
biomass, this w ou ld  agree very well w ith  the present find ings. In  
O regon, in  the U n ite d  States o f  A m erica , W ie n s  &  S c o t t  (1975) sug­
gest that the coastal seabird popu la tions consume as m uch as 22%  o f 
the pelagic fish p roduction  each year. O n  Foula, Shetland, one seabird 
co m m u n ity  consumed 29% o f the fish p roduction  w ith in  a 45 km  
radius a round  the co lony ( F u r n e s s ,  1978), and in the Saldanha Bay on 
the west coast o f  South A frica , the annua l c ropp ing  by b irds was assess­
ed at 24%  o f the biomass o f round  h e rrin g  Etrumeus teres, 23%  o f an­
chovy Engraulis capensis and 4% o f p ilchard  Sardinops ocellata ( F u r n e s s  &  
C o o p e r ,  1982). Recently, F u r n e s s  (1984) recalculated the annual fish 
consum ption  by seabirds in  the N o rth  Sea, like ly  being close to 20% o f 
the fish p roduction . In  O ctober 1980, the to ta l fish biomass in  Lake 
G reve lingen was assessed at 632 tons F W  ( D o o r n b o s ,  1982), whereas 
the b ird  predation  d u r in g  the subsequent w in te r is estimated at 135 tons 
(Table 2), representing 21% o f the stand ing  stock. C onside ring  that on ­
ly part o f the species is im p o rta n t to b irds, the percentage fo r in d iv id u a l 
fish stocks can be somewhat higher.

W ith  respect to prey size selection, it would be m ore p ro fitab le  fo r 
b irds to catch larger specimens because the energy content o f  a prey in ­
creases approx im ate ly  by its length to the th ird  power. In  extensive 
eelgrass beds o f Western Port, A ustra lia , H o w a r d  &  L o w e  (1984) 
observed that the Royal Spoonbill Platalea regia was h igh ly  selective in 
c ropp ing  the la rger adu lt females o f the palaem onid  sh rim p  Macrobran- 
cbium intermedium. Juven iles were ha rd ly  preyed upon. Four nestling 
heron species, viz. the G rey H eron , Purp le  H eron  Ardea purpurea, L it t le  
Egret Egretta garzetta and N igh t H e ron  Nycticorax nycticorax, also showed 
a strong tendency to select the larger female m osquito  fish Gambusia af­

f in is  w h ile  feeding in  freshwater marshes in  the Cam argue, France, 
( B r it t o n  &  M o s e r , 1982).

A n  am ount o f  60 to 80 g fish, such as found in the stomachs o f  the 
b irds in the firs t two m onths, represents about Vz o f the da ily  food re­
quirem ents o f  the b irds. I f  that am ount also represents the intake from  
dawn to  the m om ent o f  k illin g , the b irds  w ou ld  have ju s t enough tim e  
to  complete th e ir meals before sunset. In  the case o f the Red-breasted 
M erganser this am ount would  not have been su ffic ien t in  the February 
to  M a rc h  period.

T he  s ign ifican t decline in  the num ber o f  gobiid  rem ains in the 
stomachs o f  the b irds d u r in g  the season may be related to the density
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and a va ila b ility  o f  these prey species. D u r in g  au tum n  and early w inter, 
Pomatoschistus minutus and Gobius niger m igra te  in to  deeper w ater (F ig . 
10; cf. H e s t h a g e n ,  1977; N a s h ,  1984). In  Decem ber the highest den* 
sities o f these Fish were found  below 20 m, w hile  the shallow areas were 
almost com ple te ly abandoned. P. microps breeds in  ver)' shallow water 
and also m igrates, a lthough to a lesser extent than its relatives (F ig . 10; 
cf. J o n e s  &  M i l l e r ,  1966). A t the b eg inn ing  o f  D ecem ber h igh densities 
o f  small P. microps were still found in the 0 to 0.6 m zone. In  the 2 to 5 
m zone the density o f  P. microps am ounted to fo u r times that o f P. 
minutes, actua lly  about the same ra tio  as observed in  in tact G ob iidae  
collected from  the gullets o f  the b irds (viz. 45 (74% ) P. microps, 14 P. 
minutes and 2 G. niger, respectively). A cco rd ing  to B a u e r  &  G l u t z  v o n  
B lo t z h e im  (1966) and C r a m p  &  S im m o n s  (1977), grebes forage 
p redo m in an tly  in  waters 2 to 6 m deep and mergansers in waters less 
than 3.5 I I I  and occasionally up to 5.6 m. In  the lake from  O ctober to 
January, both species were observed feeding p a rticu la rly  at the tra n s i­
tions o f  the shallow banks and the deeper gullies, where the water is 2

2 5 - 8  - B í

0 -0 6 1  0 6 -2  2 -5  5 -2 0  >20 m 
0 - 2

0-061 0 
0 - 2

>20 m
0-2

D epth  zone

Fig. 10. M ean densities of Pomatoschistus microps (O  —  O ). P minutus ( # — # )  and Gobius 
nigeri A — A )  in the areas 0 to 0.6 m (18 km"), 0.6 to 2 m (25 km 2), 2 to 5 m (27 k in 2), 
5 to 20 m (35 kitt2) and > 2 0  m (3 km ) during August, December and April. The 95% 

confidence limits are indicated by vertical bars.
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to 5 m  deep. U n fo rtuna te ly , it was no t possible to draw  a d irect re la tion  
between the d ifference in hab ita t selection o f the grebes and mergansers 
and local differences in the fish abundance.

A lth ou g h  grebes can dive up to 3 0  m ( C r a m p  &  S im m o n s ,  1 9 7 7 ) and 
these b irds were feeding in  the most western part o f the lake in  waters 
deeper than  2 0  m from  February to M arch , th e ir stomachs h a rd ly  con­
tained any rem ains o f  demersal fish (F ig . 6). It may be concluded that 
in  the course o f the w in te r season, the m ain  prey species, the gob iid  fish, 
grew scarce (F ig . 10). A ccord ing  to the estimated rate o f  consum ption , 
3 6 %  o f the decline in  gob iid  density can be accounted fo r by the grebes 
and mergansers, whereas fla tfish  may add another source o f m orta lity . 
T he  to ta l annua l consum ption  o f gob iid  fish by the latter, p rin c ip a lly  
o ccu rrin g  from  September th rough  February  has been estimated at ap­
p rox im a te ly  0 .5  g F W - m _2- a _1 ( D o o r n b o s  &  T w i s k ,  1 9 8 4 ). However, 
about 2 5 %  o f the decline cannot be accounted fo r by p redation  by b irds  
n o r fla tfish  and may be due to o ther causes. A  com parable s itua tion  was 
observed by C o o p e r  et al. ( 1 9 8 4 )  in  the hypersaline M on o  Lake in 
C a lifo rn ia , U.S.A. In  this 1 5 0  km 2 lake, the p reda tion  o f  hundreds o f 
thousands o f  fo rag ing  Eared Grebes Podiceps nigricollis accounted fo r 5 5  

to 8 3 %  o f the p ro found  au tum n decline in  the b rine  sh rim p  Artemia 
monica density in 1 9 8 0 , bu t on ly fo r 8  to 2 7 %  o f the decline in the Artemia 
density  in  19 81 . P articu la rly  in 1981, most o f  the Artemia m o rta lity  was 
due to o ther causes than predation  by grebes.

5. S U M M A R Y

Since 1971, when the G revelingen estuary was tu rned  in to  a 108 km - 
saline lake, the num ber o f fo rag ing  piscivorous b irds has increased 
sign ifican tly . U p  to 7000 to 10 000 G reat Crested Grebes may be pre­
sent on the lake, representing about ha ii o f  the northwestern European 
breed ing  popula tion . In  the w in te r 1000 to 3000 Red-breasted M e r ­
gansers also forage here, w h ile  in  sum m er and early a u tum n  500 to 800 
C orm oran ts  can be found on the lake.

From  Decem ber 1981 th rough  M arch  1982 the food habits o f  the 
grebes and mergansers were studied by means o f stomach analyses. 
Total annual consum ption  o f  the tw o fish-eating b irds was estimated at 
46.6 and 39.2 tons fresh weight, respective ly G obiidae  proved to be the 
m ain  food source, accounting fo r 60%  of the tota l intake (by weight). In  
add ition , the grebes consumed 9.9 tons o f  Clupea harengus and the 
mergansers 11.0 tons o f  b row n shrim ps Crangon crangon. T he  b irds tend­
ed to select the larger specimens o f  G obiidae  and C. crangon. T he  esti­
mated am ount o f food consumed by these tw o b ird  species represents 
about 28 to 36%  o f the stand ing stocks o f G obiidae, C. harengus and
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Sprattus sprattus present at the a rriva l o f  the b irds in Septem ber/October. 
Total annual consum ption  by all m a jo r p iscivorous b irds, in c lu d in g  the 
popu la tions o f  C o rm oran t and G rey H eron , was estimated at 115 tons 
(1.1 g F W - m “ 2 a _ I).

O ve r the last 10-year period the num be r o f  w in te rin g  grebes showed 
a positive co rre la tion  {p  <0 .01 ) w ith  the density o f  Pomatoschistus microps 
d u r in g  the preceding (sum m er) season (i.e. the most abundant gob iid  
species in  the lake).
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APPENDIX 1
Summary of abiotic and non-food biotic items observed in the stomachs of the birds 
shot.

Gravel.— Small stones were found in 21 (84% ) merganser stomachs with a mean weight 
of 0.52 ±  0.42 g  per bird, up to a maxim um of 1.43 g. M a d s f .n  (1957) also observed 
gravel in mergansers shot in Denmark. Perhaps the stones serve in the digestion pro­
cess. No stones have been found in grebes.

Feather.— All 25 grebe stomachs contained feathers, probably originating from the bird 
itself; the mean dry weight is 2.35 ±  1.03 g per bird (range 0.70-4.67 g). The regular in­
take of feathers by grebes has been reported repeatedly (e.g. M a d s e n , 1957; B a u e r  &  

G l u t z  v o n  B l o t z h e i m , 1966; C r a m p  &  S i m m o n s , 1977). However, as yet the biological 
meaning of this phenomenon is not quite clear.

Vegetable matter.—  In  several stomachs, pieces of eelgrass leaves (Zostera marina), Ulna 
lactuca and other seaweeds were present. In  some grebe stomachs a small amount of pea­
ty material was also observed.

Crustaceans.—The remains of several small crustaceans were found in the stomachs: 6 
specimens of Praunus flexuosus and 1 Idotea chelipes in the grebes and 10 specimens o f Gam­
marus locusta, 3 P. flexuosus and 1 Balanus sp. in the mergansers. These specimens are 
believed to have entered the digestive system as stomach content of the fish eaten by the 
birds, since Pomatoschistus microps and P. minutus arc known to prey on these crustaceans 
( G l a z e n b u r g , 1982).

Vermes and molluscs.—The grebe and merganser stomachs contained a total of 16 and 
1 pair(s) of Nereis jaws, respectively. In  addition, 44 small jaws of an unidentified worm 
were traced in the mergansers. Two Hydrobia ulvae were also observed, as well as 1 
Mytilus edulis o f spat size and 60 opercula of an unknown gastropod in a single grebe. 
It is possible that all these remains originate from fish stomachs.

Parasites.— A total of 233 specimens of Contracaecum rudolphii were identified in the 
gullets and stomachs of 21 mergansers; one bird contained as much as 55 individual 
parasitic worms. O ne small specimen of Streptocara crassicauda was also found. In contrast 
to the mergansers, the grebes appeared to have very few endo-parasites. W hile intact 
individuals were not present at all, the remains of an ascarid and a spirurid worm could 
be traced. O ne bird contained the remains of four worms, believed to be Contracaecum 
ovale.

Although not parasitic to birds, 3 Lernaeocera branchialis found in the stomach of a 
single grebe are also listed here. L. branchialis is a parasitic copepod, living as an adult 
on the gills o f flatfish and gadoids. The copepods must have been attached to the 
whiting Merlangius merlangus; both otoliths were found in the stomach of the particular 
grebe.
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Basic d a ia  o f  th e  G re a t C re s te d  G rebes an d  R e d -b reasted  M e rg a n se rs  sho t on  L a ke  G re ve lin g e n  
d u r in g  D e c e m b e r 1981 th ro u g h  M a rc h  1982. F W  is fresh w e igh t; the  percen tage  o f  fa t refers to  fresh 

w e igh t m in u s  s to m a ch  con ten t.

Collect.
number

Age/Sex Collect.
date

B ill  
length 
(  mm)

Wing
length
(mm)

Weight 

(g F W )

Stomach
cont,

(g F W )

Liver 

(g F W )

Fat

(% )

Fat-free 
dry weight

(g)

G re a t C rested  G reb e  Podiceps cristatus 
1 ad. Ç 03-12-81 44.2 194 959 8.6 55.3 12.6 279
2 ad. 9 03-12-81 41.4 183 1180 46.6 48.0 29.6 307
3 ad. cr 03-12-81 50.7 192 1222 46.6 47.1 22.5 301
4 ad. Cr 03-12-81 52.5 202 1474 40.5 69.0 18.1 379
5 juv. 9 03-12-81 46.2 184 1047 14.6 55.0 22.3 279
6 ad. cr 10-12-81 54.2 198 1338 18.5 69.6 20.7 340
7 ad. 9 13-01-82 45.6 190 1122 30.7 46.1 25.3 286
8 ad. 9 13-01-82 52.3 187 1167 16.1 47.7 20.9 281
9 ad. 9 13-01-82 47.5 185 1234 19.6 49.6 24.0 317

10 ad cr 13-01-82 50.4 197 1361 22,6 63.5 22.9 361
11 ad. 9 13-01-82 45.5 185 1071 22.8 66.1 18 9 287
12 ad. cr 13-01-82 51.7 196 1162 11.1 55.9 15.4 339
13 ju v . 9 14-01-82 41.9 181 971 24'0 62.9 18 3 254
14 ad. O’ 10-02-82 56.8 194 1207 11.6 34.6 21.2 275
15 ju v . O' 10-02-82 54.7 201 1521 35.1 70.5 20.9 386
16 ju v . O' 10-02-82 52.2 195 1523 32.6 58.5 26 8 419
17 ad. 9 10-02-82 48.3 182 845 7.0 33.7 17.1 238
18 juv. 9 10-02-82 47.6 185 1022 29.6 41.0 20.5 259
19 ad. ct 10-02-82 53.9 201 1433 28.1 48.9 22.4 350
20 juv. 9 12-03-82 47.8 186 857 22.0 50,0 5.3 262
21 ad. O' 18-03-82 51.4 200 1161 23.5 52.9 16.0 314
22 juv. Q 18-03-82 45.6 186 892 12.7 47.5 12.6 248
23 ad. cr 18-03-82 51.4 193 926 7.9 38.4 7.2 288
24 juv. V 18-03-82 52.6 203 1087 27.4 48.4 7.5 319
25 ad. cr 18-03-82 54.0 196 1324 26 0 75.9 16.6 340

R ed-breasted  M e rg an se r Mergus serrator 
1 ju v . Ç 03-12-81 51.9 222 1103 24.6 44.2 16.7 275
2 ad. 9 10-12-81 54,6 225 988 11.4 47 7 15.2 275
3 ad, cr 10-12-81 58.9 252 1344 15.7 57.8 12.6 393
4 ad. or 10-12-81 57,7 246 1193 15.3 68.7 10.4 303
5 ad. cr 10-12-81 56.9 258 1298 40 9 72.3 12.7 350
6 ad. 9 10-12-81 51,4 232 1070 43.5 50.0 14.4 286
7 ad. Cr 13-01-82 58.5 249 1363 6,5 52.0 21.0 375
8 ad. 9 13-01-82 55.9 231 1215 31,3 45.7 25.3 299
9 ad. cr 13-01-82 58.3 251 1239 3.9 42.4 17.0 353

10 ju v. 9 13-01-82 52.8 217 843 8.7 43.3 6.6 197
11 ad. 9 14-01-82 56.4 233 1267 68.8 64.6 21.5 312
12 ad. Cr 14-01-82 58.9 246 1289 36.4 53.9 14 8 291
13 ad. 9 10-02-82 53.0 226 972 36.7 50.8 10.8 286
14 juv. 9 10-02-82 54.4 225 1025 6.2 42.7 18.9 274
15 ad- 9 10-02-82 56.5 235 1026 19.8 42.0 16.5 289
16 ad. cr 10-02-82 57.0 238 1130 12.8 43.0 16.5 319
17 ad or 10-02-82 62.9 257 1305 24.2 52.0 13.9 368
18 ad. 9 10-02-82 53.4 228 1112 30.3 47.8 16.5 292
19 ad. 9 12-03-82 55.7 233 951 18.6 35.8 12.7 268
20 ad. 9 12-03-82 52.4 227 864 5.8 52.0 13.4 252
21 ad. 9 12-03-82 51.9 232 945 26,7 57.0 11.3 272
22 ad. or 12-03-82 58.7 255 1119 6.3 47.1 13.7 323
23 ad. 9 12-03-82 50.5 230 763 12.5 34.3 3.2 229
24 ad. cr 18-03-82 62.6 248 1308 26.4 48.1 8.5 374
25 ad. cr 18-03-82 57.1 255 1350 1.9 38.1 26.6 352
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SAMENVATTING

In le id in g

In de nacht van 31 januari op 1 fe b rua r i  1953 werd het zu id w es te l i jk  

deel van Nederland ge tro f fen  door een u i t z o n d e r l i j k  zware stormvloed. 
Ongeveer 1800 mensen verdronken en tienduizenden hektaren kultuurgrond 

kwamen onder water te staan. Om een herhaling van een d e rge l i jke  waters­

noodramp te  voorkomen besloot de regering om a l le  estuaria  in ZW Neder­

land, met u itzondering van de Westerschelde, de be lan g r i jk s te  zeeweg naar 

de haven van Antwerpen, a f te  s lu i te n  (Duursma e t  a l . ,  1982; Bannink e t  

a l . ,  1984).

Om waterbouwkundige redenen werd de Grevelingen eerst aan de oost­
z i jd e  afgesloten door de aanleg van de Greveiingendam in 1964. Met het 
gereedkomen van de Brouwersdam in 1971 werd de invloed van de Noordzee 
buitengesloten en werd het zoute Greveiingenmeer een f e i t  (Bannink e t  a l . ,

1984).

Door de aanleg van de Brouwerssluis (c a p a c i te i t  100 - 140 m3 .s~M 
werd in 1978 de verbinding met de Noordzee g e d e e l te l i jk  he rs te ld , t e r w i j l
in 1983 een hevel met een ca p a c ite i t  van ca. 100 m-^.s'* (Flakkeese spui-
s lu is )  gereed kwam in de Grevelingendam. Door met beide sluizen te 

manipuleren kan er in het gehele Grevelingenmeer een kunstmatig stromings­

patroon worden opgewekt.
In het meer daalde de ch lo r ide -koncen tra t ie  g e le id e l i j k  van 17 °/oo 

C l" in 1971 to t  minder dan 13 °/oo C l '  in 1978. Vanaf 1979 wordt de

c h lo r i n i t e i t  min of meer konstant gehouden op ca. 16 °/oo C l '  door geduren­
de de w in ter (hoofdzake li jk  van h a l f  oktober t o t  begin maart) meerwater
u i t  te wisselen tegen Noordzee-water. Alleen in 1979 stond het doorlaatwerk 
in de Brouwersdam het gehele jaar open (Bannink e t  a l . ,  1984),

In 1957 werd het Delta In s t i t u u t  voor Hydrobiologisch Onderzoek, a is  
onderdeel van de k o n in k l i jk e  Nederlandse Akademie van Wetenschappen, opge­
r i c h t .  De taak van het Delta In s t i t u u t  was ( is )  het bestuderen van de even­
tu e le  veranderingen in de f lo ra  en fauna ais gevolg van de a f s lu i t in g  van 
de versch il lende riviermondingen en zeearmen in het Deltagebied. Sinds ca. 
1970 heeft het in s t i t u u t  z ich  g e le id e l i jk  meer toegelegd op het onderzoek
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naar het funktioneren van oecosystemen in "s tress" s i tu a t ie s ,  b ijvoorbeeld 
a is  gevolg van grote waterbouwkundige werken (Duursma & Nieuwenhuize,
1985).

In 1972 s ta r t te  de werkgroep "Koo ls to fkring loop in de Grevellngen" 

van het Delta I n s t i t u u t  een oecosysteem-studie, d ie  het kwantif iceren van 
bet organisch materiaal door de voedselketen in het z ich  pas ontwikkelende 
zoutwatermeer t o t  doei had (Nienhuis, 1978a, 1978b). Door de vaste s ta f  van 
de werkgroep konden echter n ie t  a l le  noodzakelijk geachte facetten  van het 

onderzoek worden uitgevoerd (Bannink e t  a l . ,  1984),

In maart 1979 gaf de Directeur-Generaal van R ijkswaters taat 

machtiging t o t  het doen verr ich ten  van een aanvullende oecologische studie 
in het Greveiingenmeer. Hoewel gefinancierd  door R ijksw aters taa t,  werd de 

f e i t e l i j k e  u itvoe ring  alsook de u i t e in d e l i j k e  wetenschappelijke verantwoor­
d e l i jk h e id  van het ZOWEC (ZOut Water EColog ie)-pro jekt uitbesteed aan het 

Delta I n s t i t u u t ,  dat tevens de in i t ia t ie v e n  voor d i t  p ro je k t  had ontp loo id . 

Het ZOWEC-projekt omvatte v i j f  onderdelen, die vo l le d ig  in het onder­

zoeksprogramma van de werkgroep "Koo ls to fkring loop in de Greveiinqen" 
pasten:

1. M in e ra l isa t ie  van organisch materiaal in het water (Goossens e t  a l . ,  

1983).
2. M in e ra l isa t ie  van organisch materiaal op en in de bodem (Lindeboom & de 

Klerk - van der Driessche, 1983).
3. K w a n t i ta t ie f  visonderzoek (Doornbos e t  a l . ,  1986).
4. Bodem-water u itw isse l in g  (Kelderman, 1983).

5. Scheiding en kw an t i f ice r ing  van seston (van Ierland & Peperzak, 1982).

Deel 3 van het p ro je k t  had to t  doei het kwantif iceren van de ro l  van 

de vissen in de voedselketen van het meer op basis van aanta l len , groei 
(p roduk t ie ) ,  p ro o ise le k t ie  en ja a r l i j k s e  voedselkonsumptie, alsook hun ro l 

b i j  de overdracht ven energie van de lagere trophische niveaux (e .g .  

opgeslagen in zoöplankton en zoöbenthos) naar de hogere (e .g .  beschikbaar 
voor visetende vogels). Het e ig e n l i jk e  onderzoek heeft z ich  ger ich t op: 1) 
de voedselsamenstelling en voedselopname van de b e lang r i jks te  vissoorten in 

het meer en 2 ) de predatie  van vissen door hun b e lan g r i jk s te  predatoren.

Reeds sinds 1960 worden de versch il lende Deltawateren bemonsterd met 
een 3 m boomkor teneinde eventuele veranderingen in de visfauna, tengevolge

142



van de u itvoe ring  van het Delta Plan, op te  kunnen sporen ( c f .  Vaas, 1970, 

1979). Daardoor konden eveneens de meest opvallende e ffekten  van de water­

staatkundige werken op de oorspronke li jke  visfauna van de Grevei ingen 
worden bestudeerd,

In d i t  p ro e fs c h r i f t  z i j n  de be lan g r i jk s te  resu lta ten  van het ZOWEC- 

v issenpro jekt a is a fzon de r l i jke  hoofdstukken opgenomen. Een gedeelte h ie r ­
van is  reeds eerder verschenen in wetenschappelijke t i j d s c h r i f t e n .

Resultaten, aangevuld met recente ontwikkelingen

In Hoofdstuk 2 wordt een overz ich t gegeven betreffende de veran­

deringen die in de Grevelingen gedurende 1960 - 1980 z i j n  opgetreden a is  

gevolg van de in die periode uitgevoerde waterbouwkundige werken. Na de 
a f s lu i t in g  in 1971 daalde het aantal met de 3 m boomkor gevangen vissoorten 
s te rk .  Ofwel een aantal v issoorten was geheel u i t  het meer verdwenen, of 
hun aantallen waren te laag geworden om nog te worden opgemerkt t i jd e n s  de 
bemonsteringen. Het aantal v issoorten nam weer toe na het openen van de 
Brouwerssluis in 1979.

In het Greveiingenmeer z i j n  gedurende 1979 - 1982 in to ta a l  59 

v issoorten , behorende t o t  31 fa m i l ie s ,  waargenomen (Appendix 1 ).  D i t  is 

b e t re k k e l i jk  weinig in v e rg e l i jk in g  met de ca. 100 vissoorten in de Wadden­
zee (W itte  £ Z i j l s t r a ,  1978) en in de Oosterschelde (Doornbos e t  a l . ,  

1981), o f met de 134 soorten die in het Nederlandse kustgebied z i j n  waarge­

nomen (Nijssen £ de Groot, 1980). Het aantal vissoorten in de Nederlandse 

estuaria  b l i j k t  trouwens goed overeen te komen met het aantal waargenomen 

soorten in so o r tg e l i jke  gebieden in G roo t-B r i t tann ië ,  b ijvoorbeeld  97 soor­
ten in het Severn estuarium (Claridge e t  a l . ,  1986) en 98 soorten in het 

Theems estuarium (Andrews, 1984). Het daa rb i j  vergeleken geringe aantal 
soorten in het Greveiingenmeer l i j k t  een d ire k t  gevolg te z i j n  van de a f ­
s lu i t i n g ,  waardoor vele dwaalgasten n ie t  meer worden waargenomen.

Het to ta le  aantal en de biomassa van Pomatoeahietue m icrops,  zoals 

geschat in Hoofdstuk 2 op basis van de boomkorvangsten in 1980 (Tabel I I ) ,  

is  ongetw ij fe ld  een onderschatting, aangezien in la te re  onderzoekingen deze 

soort vooral erg t a l r i j k  bleek te z i j n  in het in 1980 n ie t  bemonsterde 
l i t o r a l e  deel van het meer (z ie  ook Hoofdstuk 5).

De ja a r l i j k s e  aalvangsten A n g u i l la  a n g u i l l a  door de beroepsvissers
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b l i jk e n  nog steeds l i c h t  te s t i jg e n ,  van gemiddeld 69 ton gedurende 1972 - 
1977 t o t  ca. 85 ton (¿.e. 0.8 g versgewicht (VG).m*2) gedurende 1979 -
1982. D i t  laa ts te  c i j f e r  moet a is een minimale schatt ing van de ja a r l i j k s e  
aalproduktie  worden beschouwd, aangezien sinds 1979 in de h e r fs t  een deel 

van de populat ie  door de Brouwerssluis kan ontsnappen, t e r w i j l  de toene­
mende aantallen aalscholvers P halacrocorax aarbo ook hun aandeel zu llen  
opeisen.

Volgens H.W. de Nie (1987, mondelinge mededeling) konsumeert aal 

gedurende het groeiseizoen dage l i jks  gemiddeld 21 (range 0,8 -  3ü) van z i jn  

eigen lichaamsgewicht. Uitgaande van een minimale j a a r l i j k s e  produktie  van 

85 ton VG, een P/B ra t io  van 0,5 (Doornbos, 1982, 1985) en een groeiseizoen 
van 183 dagen (ruwweg van h a l f  a p r i l  to t  h a l f  oktober), kan de ja a r l i j k s e  
konsumptie door de aalpopu la t ie  in het Greveiingenmeer worden geschat op 

tenminste 622 ton VG (o.  1,0 g asvri j-d rooggew icht (ADG).m- 2 ). D it  getal 
l i g t  in dezelfde orde van grootte  a is de konsumptie die voor de botpopu-
la t ie  in 1980 werd bepaald [ a f .  Doornbos Ä Twisk, 1984).

Wanneer de hogere opbrengst ais een in d ik a t ie  voor een toename van de 
aalbiomassa in het meer mag worden beschouwd, dan zou d i t  kunnen wijzen op 
verbeterde voedselomstandigheden voor de aal. Mogelijk is d i t  e f fe k t  toe te 
sch r i jven  aan de afname van de schol- en botbestanden (z ie  ook Hoofdstuk 
3), waardoor meer voedsel voor de aal beschikbaar kwam. Het aanbod aan 

macrozoöbenthos is  gedurende die t i j d  hoog ( n- 30 g ADG.m"2) en re d e l i jk  
s ta b ie l  geweest (Lambeck, 1985). Over eventuele veranderingen in de 

v a n g e f f ic ië n t ie  b i j  de beroepsv isser i j  op aal is  n ie ts  bekend, maar deze 

zu l len  vermoedelijk n ie t  groot z i j n .  In aalmagen z i j n  resten van wormen, 

crustaceeën (vooral garnaal Crangon arangon en strandkrab Carc inus maenae), 

mollusken (hoofdzakeli jk  broedjes van tweekleppigen), grondels en sprotten 
S pra t tus  e p m t tu e  (a l leen  gegeten door de grotere aa l)  aangetroffen. 
Helaas ontbraken t i j d  en middelen om de p ro o is e le k t ie ,  groei en voedselkon-
sumptie van deze soort meer in d e ta i l  te bestuderen.

B i j  v e rg e l i jk in g  van de lengte-samenstelling van de gevangen aal in de 
standaard boomkor (6 x 6 mm maaswijdte) en in een pelagische traw l (35 m2 
netopening en 8,5 x 8,5 mm maaswijdte), bleek de boomkor d u id e l i j k  k le inere  

aal te  vangen (Fig . 1). Het is bovendien opmerkelijk dat in 1981 en 1982 
aal k le ine r  dan re sp e k t ie ve l i jk  ca. 40 cm en 30 cm hoofdzake li jk  met de 
boomkor werd gevangen, t e r w i j l  de gro tere  exemplaren j u i s t  met de pela­
gische trawl werden gevangen. Een d e rg e l i jk  ve rsch il  kan nauwelijks u i t  het
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Fig. 1. Lengte-frequentieverde ling van aal in het Greveiingenmeer 
gedurende 1980 - 1982. Er is  onderscheid gemaakt in aal gevangen 
met een boomkor (gearceerd) en gevangen met een pelagische trawl 
(b lank). Door middel van een p i j l  is  voor elke groep de gemiddelde 

lengte aangegeven.
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ve rsch i l  in maaswijdte worden verklaard en d i t  l i j k t  er op te  w ijzen, dat 
's  zomers tenminste een deel van de grotere aal z ich  overwegend pelagisch 
ophoudt.

Sinds 1979 is A th e r in a  boye r i  n ie t  meer waargenomen. Vermoedelijk 

gee ft  de k le ine  koornaarvis de voorkeur aan wat lagere zoutgehaltes ( c f .  

Wheeler, 1978), aangezien deze soort nog wel aanwezig was in het brakke 
Veerse Meer (P. de Koe ije r,  mondelinge mededeling). Bamber Ä Henderson 

(1985) hebben echter onlangs op basis van een meervoudige v a r ia n t ie -  
analyse, uitgevoerd op een serie  ka ra k te r is t ieke  morphometrische en 

meris t ische eigenschappen van een aantal koornaarvispopulaties rond de 
B r i tse  Eilanden, aangetoond, dat A . p re sb y te r  en A. b o ye r i  in f e i t e  de 

beide u ite rs ten  vertegenwoordigen in de verdeling van een kontinue morpho­

logische reeks en z i j  konkluderen daarom dat het beter is  om beide vormen 

a is behorende to t  één en dezelfde soort te  beschouwen, i . e .  A th e r in a  

b o y e r i .  D i t  is mede gebaseerd op het f e i t ,  dat de morphologische kenmerken 
van A. boye r i  sterk kunnen variëren ais gevolg van temperatuur- en 
zoutinvloeden gedurende de embryonale ontw ikke l ing . Vooral in geïsoleerde 
popu la t ies ,  en daarom met name in afgesloten wateren, zouden versch il lende 
morphologische kenmerken tengevolge van een spec if ieke  lokale se lektiedruk 

o f een to e v a l l ig e  verschuiving in een aantal e r f e l i j k e  eigenschappen 
(random genetic d r i f t ) ,  z ich  gedurende een bepaalde t i j d  in stand kunnen 
houden. Het l i j k t  aannemelijk dat d i t  ook van toepassing is op de popula t ie  

van de koornaarvissen in het Greveiingenmeer.

In Hoofdstuk 3 wordt de status van de dominante p la tv issoo r ten  in het 
meer, te weten schol en bot, beschreven aan de hand van aanta l len , 

populatie-opbouw, g roe i,  menu en j a a r l i j k s e  voedselkonsumptie. Na de 

a f s lu i t i n g  in 1971 slaagden de opgesloten p la tv ispo pu la t ie s  er n ie t  in z ich  

met succes voort te p lanten, hetgeen to t  een v e rg r i jz in g  van de beide popu­
la t ie s  le idde. Op basis van de afname van het aantal schol gevangen per 100 
minuten korren, werd een gemiddelde j a a r l i j k s e  s te r f te  van 33% berekend. 
Dankzij de uitstekende groei nam de biomassa, ondanks de teruglopende aan­
t a l le n ,  in de eerste jaren na de a fs lu i t i n g  nog toe, t o t  een maximum van 

ca. 1100 ton (10,2 g VG.m"^} in 1974 (Doornbos, 1985).
Gedurende 1979 - 1981 werden de beide p la tv ispo pu la t ie s  gedomineerd 

door de jaa rk las  1979. Hoogstwaarsch ijn l i jk  z i j n  deze vissen ais larve het 
meer binnengekomen door de Brouwerssluis, die in 1979 het gehele jaar open
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stond. In 1982 begon de invloed van deze jaark las echter d u id e l i jk  te ver­

minderen (z ie  ook de Fign 2 en 3). Ook na de verbeterde in t re k  in 1979 

b lee f het aantal aanwezige schollen ver beneden het geschatte aantal in het 

jaa r  van a fs lu i t in g ,  waarvan moet worden aangenomen dat het rep resen ta t ie f  
is  voor de d ichtheid  in het vroegere estuarium.

Aangezien de r e la t ie f  grote vissen fvergeleken met estuariene popula­

t ie s )  u itstekend groeiden, was de gekombineerde konsumptie door de schol­
en botpopula tie  nog a a n z ie n l i jk ,  respek t ieve l i jk  2,8 g ADG.rrr2 in 1980 en 
1,9 g.nr^ in 1981. Gedurende beide jaren was de konsumptie door schol 
a lleen  b ijna  1,6 g ADG.nr^. ge biomassa van schol werd in 1971 op ca. 8,3 

g VG.m‘ 2 geschat {Doornbos, 1985), hetgeen 5,5 keer meer is dan de gemid­
delde biomassa over 1980 en 1981 [ i . e .  1,5 g VG.nr^). Uitgaande van deze 

verhouding en eenzelfde voedselkonversie gedurende beide periodes, kan voor 
de scholpopulatie  van 1971 een voedselkonsumptie van ruwweg 9 g ADG.nr^ 
worden berekend. Aangezien de Grevelingen in mei 1971 werd afgesloten ver­

tegenwoordigt die 9 g ADG.m~'> min o f meer de jaarkonsumptie in het vroegere 
estuarium. Voor de droogvallende platen op het Balgzand (Waddenzee) bere­
kenden Kuipers (1977) en de Vlas (1979) een ja a r l i j k s e  voedselkonsumptie 
door jonge schol van ca. 5 - 6 g ADG.nT^, Voor het in tergeti jdengebied van 
het vroegere Grevelingen estuarium schatten Wolff e t  a l ,  (1981) de voed- 

selopname door u i t s lu i te n d  II-groep schol op 1,5 g ADG.itT2 gedurende de 
periode maart t o t  mei 1971. H ie ru i t  kan een j a a r l i j k s e  konsumptie van 
ruwweg 4 g ADG.m‘ ? worden a fge le id .  Een ja a r l i j k s e  konsumptie van 9 g 
ADG.rrr^ voor zowel de droogvallende platen ais de diepere geulen, zoals 

voor de "estuariene s i tu a t ie "  van 1971 is berekend, l i j k t  daarom zeer aan­
nemeli jk .

Borstelwormen (Polychaeta) bleken het meest te worden gegeten, gemid­

deld 56% (gewichtsaandeel) voor schol en 45% voor bot. H ie rb i j  moet er op 

worden gewezen, dat er d u id e l i jk e  ve rsch i l len  in het menu werden gevonden 
tussen 1980 en 1981.

Sinds 1980 s taa t de Brouwerssluis hoofdzake li jk  open van ongeveer 
h a l f  oktober t o t  1 maart (Tabel 1). D it  spuiregiem b iedt oudere schol en
bot in p r inc ipe  de mogelijkheid om in de h e r fs t  naar de Noordzee weg te
trekken (Steinmetz S Slothouwer, 1979; Doornbos, 1981; k le in  B re te le r ,

1986; c f .  Fign 2a en 2b; c f .  Fign 3a en 3b). Aangezien anderzijds de

grootste  koncentratie  van schol larven in maart en a p r i l  en d ie  van de bot 
pas in a p r i l  op de kust verschijnen (Rijnsdorp e t  a l . ,  1985; van der Veer,
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bepaald.
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1985), verh indert d i t  sluisbeheer tevens dat laa t arr iverende larven nog
naar binnen kunnen trekken.

Tabel 1. Aanta lsver loop  schol in  het Greveiingenmeer gedurende 1979 -  1985 (dus na 

het in  gebru ik  nemen van de Brouwerss lu is  in  december 1978), gebaseerd op 

de bestandsopnames omstreeks h a l f  september van iede r  j a a r ,  en het

geschatte aanta l scho l la rven  dat iede r  vo o r ja a r  naar binnen is  getrokken 

(voor bereken ingsw ijze  z ie  Doornbos t, Twisk, 1984}. Naar eigen gegevens

(1979 -  1982), aangevuld met d ie  van K le in  B re te le r  (1986).

In t re k

Jaar Brouwerss lu is  open O-groep ja a r  Totaa l aan la rven

(x IO6 ) (x IO6 ) (x IO6 ) (x IO6 )

3979 4 dec. ‘ 78 7 1,5 0,5 2,0 10,3

1980 t  1 maart '80 0,1 1,2 1,3 0,8

1981 h a l f o k t .  '80 -  1 ap r i  1 '81 0,2 0,7 0,9 M
1982 h a l f o k t .  '81 -  11 maart '82 0,2 0,4 0,6 1,5
1983 h a l f o k t .  ‘ 82 -  1 maart '83 0,1 0,2 0,3 0,8
1984 h a l f o k t .  ‘ 83 -  1 maart '84 0,1 0,2 0,3 0,8

1985 h a l f Okt. '84 -  22 maart '85 0,7 0,2 0 ,9 4,8

Zoals kon worden verwacht, leidde het huidige sluisbeheer na het 

l i c h te  herste l in 1979 to t  een kontinue afname van de scholpopulatie (K le in 
B re te le r ,  1986; Tabel 1). In tegens te l l ing  t o t  de voorgaande jaren stond de 
Brouwerssluis in het voorjaar van 1985 echter open to t  22 maart. D it 

resu lteerde in een r e la t ie f  goede in trek  van schollarven en de afname van 

het aantal schol kwam to t  staan. Het in la ten  van Noordzee-water via de 

Brouwerssluis in kombinatie met het spuien van o v e r to l l ig  meerwater via de 
pas gereedgekomen Flakkeese sp u is lu is  in de Grevelingendam heeft in het 
voorjaar van 1985 b l i jk b a a r  ge le id  t o t  een r e l a t i e f  hogere re te n t ie  van 

schollarven die afkomstig z i j n  u i t  het kustwater (Tabel 1). Deze gegevens 
onderstrepen nogmaals, dat, om de in trek  te verbeteren en een grotere 
scholpopulatie  in het meer te kunnen opbouwen, het doorlaatwerk in de 
Brouwersdam in het voorjaar tenminste t o t  en met a p r i l  open moet staan en 
b i j  voorkeur in kombinatie met de Flakkeese spu is lu is  ( a f ,  Doornbos, 

1985).

150



De grootte  van de in trek  hangt daarnaast n a tu u r l i jk  ook van de 
s te rk te  van de desbetreffende jaa rk ias  in de Noordzee a f .  B i j  schol is het 

ve rsch i l  tussen zwakke en sterke jaarklassen globaal een fa k to r  t ien  { c f .  

Z i j l s t r a  e t  a l . ,  1982; Anonymus, 1982, 1984, 1985) en vergel i jkbare 

ve rsch i l len  in de ja a r l i j k s e  la rven in trek  z i j n  ook b i j  het GreveiIngenmeer 

te  verwachten.

B i j  een kontinuering van het huidige sluisbeheer (hoofdzake li jk  open 
to t  1 maart en inc identee l to t  1 a p r i l )  mag dan ook worden verwacht, dat 
het to ta le  aantal schol in het Greveiingenmeer in de nab ije  toekomst rond 
de 0,5 miljoen exemplaren zal schommelen (Tabel 1).

Voor bot is de s i tu a t ie  nog ongunstiger, omdat de pelagische larven 

voor het merendeel pas in a p r i l  in de estuaria  verschijnen (van der Veer, 
1985). Ais gevolg daarvan werd er in het meer gedurende 1980 - 1982 geen
0-groep bot waargenomen (Fig . 3). In die t i j d  nam de popula t ie  af van 
0,7 m il joen botten in 1980 t o t  ca. 0,1 m il joen stuks in 1982. Alleen ais de 

d o o r la a ts lu is  t o t  in mei open zou staan, zou de botpopulatie  z ich  enigszins 
kunnen he rs te l le n .  Onder de huidige omstandigheden v a lt  echter s lechts te 
verwachten, dat de aantallen nog verder zu llen  afnemen. Aangezien er, 

behalve aal, weinig vissen in het meer z i j n  die op macrozoöbenthos pre- 
deren, l i j k t  het oecologiscb verantwoord om zoveel mogelijk schol- en 
botlarven het meer binnen te laten trekken en zo een g ro ter p la tv isbestand 
op te  bouwen.

In Hoofdstuk 4 wordt speciale aandacht besteed aan de spektakula ire  

groei van de 0-groep schol in het Greveiingenmeer. De h ie r  bere ik te  lengten 
en gewichten gedurende het eerste groeiseizoen over tre ffen  a l le  bekende 

1iteratuur-waarden voor n a tu u r l i jk e  wateren. De sne lle  groei is  goed te 

i l lu s t r e r e n  door een v e rg e l i jk in g  van de bereikte gemiddelde lengten in het 
meer in 1981 en 1982 met d ie van de nab ij  gelegen Oosterschelde (Tabel 2). 

Alleen b i j  schol, die werd gekweekt in experimentele v i jv e rs  waar een deel 
van het warme koelwater van de kerncentrale van Hunterston (Schotland) 

doorheen werd ge le id , werden ve rge l i jkba re  of z e l fs  nog wat hogere 
groeisnelheden bere ik t (Bardach e t  a l . ,  1972).
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Tabel 2. Vergelijking van de gemiddelde lengte {L in cm + s.d.) van
0 -groep schol aan het einde van hun eerste groeiseizoen u i t  het 

Grevei ingenmeer met die van even oude en to t  dezelfde jaa rk las  

behorende vissen u i t  de Oosterschelde. De gegevens van de 

Oosterschelde z i j n  afkomstig van A.D. Rijnsdorp (mondelinge 

mededeling).

Jaar Grevelingen Oosterschelde

Aangezien de lengte-toename van de jonge schol in het meer goed kon 
worden beschreven met een door Fonds (1979) ontwikkelde empirische formule, 
gebaseerd op kweek-experimenten b i j  versch il lende temperaturen, werd 
gekonkludeerd dat de waargenomen sne lle  groei hoofdzake li jk  een gevolg moet
z i j n  van de r e l a t ie f  hoge watertemperaturen in het meer. Er werden geen

aanwijzingen gevonden voor het bestaan van d ich the ids-a fhanke li jke e ffekten  
o f dat de voedselomstandigheden een beperkende fa k to r  zouden kunnen 
vormen.

De groeisnelheden voor bot ( jaa rk las  1979) waren in het Greveiingen­
meer ook u i t z o n d e r l i j k  hoog (Tabel 3).

In Hoofdstuk 5 worden de d ich the id ,  de g roe i,  het menu en de voedsel­
konsumptie van de b e lang r i jks te  Gobiidae, z i jnde  de brakwatergrondel Poma­

to s c h is tu s  m icrops, het d ikkopje P. m inutus  en in mindere mate de zwarte 

grondel Gobius n ig e r ,  beschreven. De grondels b l i jk e n  in de voedselketen 
van het Greveiingenmeer een s le u te lp o s i t ie  in te  nemen. In k w a n t i ta t ie f  
opz icht vormen de grondels b i j  het doorgeven van energie van de lagere 
trophische niveaux naar de hogere ongetw ij fe ld  de b e lang r i jks te  groep 
vissen.

1981

1982

13,0 + 2,0 
14,5 ± 3,4

9,4 ± 1,5 
8,7 + 2,0
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Tabel 3. Gemiddelde lengte (L in cm) van botten aan het einde van hun eerste 
(L i ) ,  tweede (L2 ), derde (L3 ) en vierde (L4 ) groeiseizoen in 
verschillende Europeese wateren.

Gebied Ll 1-2 l 3 L4 Bron

Greveiingenmeer 11,2 -vl8,5 26,3 31,5 D it onderzoek
Rivier de frome 8,9 15,1 22,5 30,4 Beaumont Ä Mann, 1984
Taymar estuarium 7,6 14,7 20,5 28,9 Hartley, 1940
Ythan estuarium 7,4 15,0 21,9 27,2 Summers, 1979
Oostzee - 11,5 16,0 19,5 kandier, 19321'
Oostzee 4,4 11,1 16,3 20,1 Cieglewicz e t  a l,,, 19691)

1) Vide Beaumont S Mann (1984)

Vergeleken met andere gebieden z i j n  de in het Greveiingenmeer gevon­

den dichtheden hoog, t e r w i j l  de groei v r i j  goed is te noemen. Ais gevolg 
hiervan is hun ja a r l i j k s e  voedselkonsumptie, overwegend bestaande u i t  cope- 

poden (ruwweg een gewichtsaandeel van 90%) en andere k le ine  epibenthische 
crustaceeën, a a n z ie n l i jk .  Voor beide Pom atosch istus-soorten tezamen werd 
een maximale konsumptie van 3,5 g ADG.nT^.j"! berekend. De grondels hebben 
op hun beurt echter ook te l i jd e n  van een hoge m o r ta l i t e i t .  Z i j  bleken te 

worden gegeten door verscheidene predatoren, waaronder meerdere p la t v i s ­
soorten (scho l, bot, schar Limanda lim anda, ta rbo t Scophthalmus maximus en 
g r ie t  S. rhombus), aa l,  zeedonderpad Myoxocephalus sc o rp iu s , haring Clupea 

harengus, p u i ta a l  Zoarces v iv ip a ru s  en vogels. In 1981/1982 bestond het 

voedsel van de doortrekkende en overwinterende populaties van de fu u t P o d i-
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ceps c r is ta tu s  en de middelste zaagbek Mergus s e r ra to r  b ijvoorbee ld  voor 
60% (gewichtsaandeel) u i t  grondels. Een schatt ing le e r t ,  dat ca. 60% van de 
in de nazomer aan grondels aanwezige gewichtshoeveelheid door vogels en 

p la tv issen  wordt weggegeten (z ie  ook Hoofdstuk 6 ).

Het is op bet ogenblik echter nog n ie t  geheel d u id e l i jk  waardoor de 
waargenomen ja a r l i j k s e  f lu k tu a t ie s  in de d ichtheid  van de grondels worden 

veroorzaakt. De achteruitgang van de P. m erope  populat ie  in 1979 kan ver- 
moedelijk worden toegeschreven aan de strenge w inter van dat ja a r .  Het 

duurde daarna b ijna  twee jaa r voordat de popula t ie  z ich had hers te ld .

In Hoofdstuk 6 wordt de ro l  van de visetende vogels in de voedsel­

keten beschreven in termen van aanta l len , prooikeuze en j a a r l i j k s e  voed­

selkonsumptie. Na de a fs lu i t in g  in 1971 namen de futen Podiceps c r is ta tu s ,  

middelste zaagbekken Mergus s e r ra to r  en aalscholvers P ha lacrocorax carbo, 

die  op het meer gedurende een deel van het jaa r  komen p le is te re n  en foura- 

geren, enorm in aantal toe.
Het aantal overwinterende futen s c h i jn t ,  na een inz ink ing  gedurende 

de periode 1979 - 1983, weer terug te keren op het oorspronke li jke  niveau. 

D it  kan zowel worden a fge le id  u i t  de resu lta ten  van de vogel t e i l  ingen van 

de afgelopen jaren (Meininger e t  a t , ,  1985; Fig. 4a) alsook u i t  het aantal 

berekende fuut-dagen dat j a a r l i j k s  op het meer wordt doorgebracht (Fig. 
5a). Ook het aantal overwinterende zaagbekken neemt nog steeds toe (F ig . 4b 
en F ig. 5b) en tegenwoordig z i j n  winter-maxima van 2400 à 3800 vogels geen 
zeldzaamheid meer. D it  is  twee à d r ie  keer meer dan in de periode van voor 
1978. De grootste toename v a l t  echter zonder t w i j f e l  b i j  de aalscholver 
waar te nemen. Vanaf 1982 liggen de herfs t-p ieken rond de 2000 individuen 

(F ig . 4c), t e r w i j l  het j a a r l i j k s  op het meer doorgebrachte aantal aal- 

scholver-dagen, vergeleken met de periode van 1972 - 1979, ruwweg met een 

fa k to r  v ie r  is toegenomen (F ig . 5c).
Uitgaande van de recente aantalsontwikkelingen b i j  deze d r ie  t a l r i j k ­

ste visetende vogelsoorten l i j k t  de verwachting gerechtvaardigd, dat de 
p roo id ich the id  nog geen beperkende fa k to r  vormt. Over de bestandsont- 
wikkelingen van de k le ine  prooivissen in het meer na 1982 is echter n iets 
bekend. Wanneer w i j  aannemen dat het gewichtsaandeel van grondels in de 
menu’ s van de fu ten en zaagbekken hetze lfde (¿.e. 60%) is gebleven (a f . 

Hoofdstuk 6 ), zou dat betekenen dat de beide vogelpopulaties in 1984/1985 
ca. 107 ton grondels zouden hebben gekonsumeerd (hetgeen in 1981/1982 51,5
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Aantal Podiceps cristatus

100, -100

20

Mergus serrator

29, - 100

22
Phalacrocorax carbo

j  v/.' i/M w  w  Âji
1979 1980 1981 1982 1983 1989 1985

Fig. 4. Aantalsverloop, op basis van maand-maxima, 'tan: a) fu u t  Podiöepe 

a r is ta tu s ,  b) middelste zaagbek te rg u s  s e r ra to r  en e) aalscholver 

P halacrocorax carbo. De gegevens z i jn  afkomstig van de door het 
Staatsbosbeheer uitgevoerde voge lte l l ingen  (z ie  ook Meininger e t  

a l . ,  1984, 1985).
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A an ta l

600.
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v o g e ld a g e n

-HJ1 Podiceps cris ta tus

400

240.
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Phalacrocorax carbo-io3

120.

80.

40.
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Fig. 5. Ontwikkeling van het aantal vogeldagen van: a) fuu t Podiceps

c r is ta t u s , b) middelste zaagbek Mergus s e r ra to r  en e) aalscholver 

P halacrocorax carbo , in het Greveiingenmeer gedurende 1971 -  1985. 

Het aantal vogeldagen is op jaa rbas is ,  over de periode 1 j u l i  -  30 
ju n i ,  berekend. Naar telgegevens van het Staatsbosbeheer.

)
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ton was). De sterke afname van het aantal schol en bot [ c f .  Hoofdstuk 3) 

za l  echter wel gepaard z i j n  gegaan met een geringere predatie  door deze 
groep, waardoor er in p r inc ipe  een g ro ter deel van de grondel-produktie  
beschikbaar is  gekomen voor de visetende vogels. Er is helaas n ie ts  bekend 
over de voedselvoorkeur van de aalscholvers in het Greveiingenmeer.

T e rw i j l  in 1981/1982 de to ta le  ja a r l i j k s e  viskonsumptie door vogels 
op 115 ton VG (0,18 g A D G . n r ? )  werd geschat, za l d i t  vermoedelijk z i j n  

toegenomen to t  ca. 257 ton (0,4 g ADG.rrr?) in 1984/1985. Er z i j n  dus sterke 

aanwijzingen, dat de invloed van de visetende vogels op de visfauna 
( in k lu s ie f  epibenthische crustaceeën zoals garnalen) van het Grevelingen- 

meer sterk is toegenomen. Naar de w ijze  waarop de visfauna op deze toege­
nomen predatie  heeft gereageerd kan alleen maar worden geraden. Aangezien 

naar schatt ing in 1981/1982 tenminste 60$ van de in de nazomer aanwezige 

grondels door p la tv issen  en vogels werd weggegeten, l i j k t  er voorlop ig op 
basis van de beschikbare schattingen geen ruimte te z i j n  voor een verdere 

u i tb re id in g  van de predatie  door vogels zonder dat d i t  e rns t ige  gevolgen 
voor de grondelpopulaties heeft.

Tenslotte is  in Tabel 4 een algemeen overz ich t gegeven van de 

geschatte biomassa's, ja a r l i j k s e  p roduktie-  en o o g s tc ï j fe rs  (vangsten en/of 

konsumpties) van de versch il lende vissoorten in het Greveiingenmeer 
gedurende de periode 1980 - 1982. Tegenwoordig wordt de visfauna gedomi­
neerd fop basis van gewicht) door aal A n g u il la  a n g u il la ,  t e r w i j l  de schol 
P leu ronectes  p la te s s a  naar de tweede p laa ts  is te ruggeva llen . In het 

vroegere Grevelingen estuarium en d ire k t  na de a fs lu i t in g  werd de biomassa 
van de bodemvissen overheerst door die van schol (Vaas, 1979).

Slechts 25$ van de to ta le  biomassa wordt geschat te  behoren to t  de 
pelagische vissoorten. Driedoornige stekelbaars G asterosteus a cu le a tu s , 

sprot S p ra ttu s  s p ra ttu s  en koornaarvis A th e r in a  sp. planten z ich in het 

meer voort (Doornbos, 1981, 1982), t e r w i j l  wordt aangenomen, dat de haring 
Clupea harengus populat ie  d i re k t  a fhanke l i jk  is  van de in t rek  van jonge 

haring door de Brouwerssluis t i jd e n s  de w in te r.
Volgens de door Jansson e t  a l-  (1985) bijeengebrachte gegevens u i t  de 

l i t e r a tu u r  kan in kustgebieden de biomassa van de visfauna oplopen t o t  125 
g VG.rn- ^, t e r w i j l  de jaargemiddelden ruwweg tussen de 0,2 - 17 g VG.nr^ 

variëren. Daarmee vergeleken is de 7,1 g VG (o. 1,2 g ADG).m- 2 , zoals 
gevonden voor het Greveiingenmeer, een in termedia ire  waarde (Tabel 4).
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Tabel 4. Globale sch a t t ing  van biomassa, j a a r l i j k s e  p ro d u k t ie  en opbrengst (o .g .  kon­

sumptie) van de b e la n g r i jk s te  v issoo r ten  in het Greveiingenmeer gedurende 

1980 -  1982 (de c i j f e r s  z i j n  in  tonnen versgewicht en slaan op het t o ta le  

gebied, z i jn d e  108 km2 ) .  Indien bekend, z i j n  ook de b e la n g r i j k s te  konsumenten 

van de vissen genoemd.

Soort Biomassa Produktie  Opbrengst /  B e la n g r i jk s te  

Konsumpt. konsumenten

Bodemvissen 

P leuronectes platessa  125

P latichthys flesu s  60

Overige Pleuronect i fo rmes 35 

A ngu illa  ang u illa  170

Pomatoschistus microps 72

Pomatoschistus minutus 85

Gobius niger 15

> 85 

261 

271 

n< 48

20 Hens (s p o r tv is s e rs )

10 Mens ( s p o r tv is s e rs )

85 Mens, vogels?

1021) P la tv is s e n ,  vogels

Pelagische vissen 

Gasterosteus aculeatus  o. 40

Sprattus sprattus  n. 70

Clupea harengus o , 70

Atherina  sp. n, 22

2 , 4 ^  Vogels 

3 .3 1' Vogels

9 .9 1' Vogels, sp o r tv isse rs?  
0 . 4 1) vogels

Totaal 764 = 7,1 g VG.iïT2

1) B e t r e f t  a l leen  gegevens van 1980/1981
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Ep i loog

Tien to t  v i j f t i e n  jaar na de a f s lu i t in g  is de ontw ikkeling van het 
oecosysteem van het zoute Greveiingenmeer nog volop in beweging en is  er 
nog weinig sprake van een s ta b i l i s a t ie  rond een d u id e l i j k  evenwicht. D i t  

ge ld t  n ie t  a lleen voor zaken ais p rim aire  produktie  (Nienhuis, 1985} en 
macrozoöbenthos (Lambeck, 1985), maar zeker ook voor de v isfauna.

Met betrekking to t  de ro l van de vissen in het meer kunnen, op basis 

van het onderhavige onderzoek, een aantal konklusies worden getrokken:

1. Het aantal vissoorten in het Greveiingenmeer is b e t re k k e l i jk  gering.

2. Er z i j n  slechts weinig vissen die op macrozoöbenthos en k le ine  p roo i-  

vissen prederen.
3. Een aantal v issoorten, die uitstekend in het zoutwatermeer kunnen leven, 

slagen er n ie t  in z ich met succes voort te planten en z i j n  a fhanke li jk  

van de in trek  van larven en juvenielen om zich ais populat ie  te kunnen 
handhaven.

4. In de voedselketen van het meer nemen de grondels een s le u te lp o s i t ie  in , 
k w a n t i ta t ie f  vormen z i j  de b e lan g r i jk s te  schakel in de energie- 
overdracht van de lagere trophische niveaux naar de hogere.

De verwachtingen omtrent de toekomstige ontwikkelingen van de v is ­

stand in het Greveiingenmeer b l i jv e n  noodgedwongen erg speku la t ie f  van 

aard. Veel zal afhangen van het te voeren sluisbeheer. Sinds 1983 kan de 
beheerder, behalve met de Brouwerssluis, eveneens met de Flakkeese spui­
s lu is  manipuleren, waardoor een kunstmatig stromingspatroon (b i jvoorbee ld  
van west naar oost) kan worden opgewekt. De visstand kan d ire k t  worden 
beïnvloed door een g e r ich t sluisbeheer, z i j  het w a a rs c h i jn l i jk  op beperkte 

schaal.
Tot nu toe z i j n  een aantal voors te l len  gedaan om de visstand ten 

behoeve van het beroepsmatige en rekreatieve ( s p o r tv is s e r i j )  gebruik te 
verbeteren [ c f .  Steinmetz & Slothouwer, 1979; Doornbos, 1985; Klein 

B re te le r ,  1986; Klein B re te le r & Steinmetz, 1987). Aangezien de n a tu u r l i jk e  
in t re k  van glasaal gering is ,  is getracht om ja a r l i j k s  ca. 2500 kg glasaal 

en /o f pootaal in het meer u i t  te zetten teneinde de verl iezen tengevolge 

van n a tu u r l i jk e  s te r f te ,  p redatie  (door aalscholvers?) en wegtrek van de 
waardevolle schieraal in het najaar te kompenseren, en om de opbrengsten
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voor de beroepsv isser i j  te verbeteren. Door schaarsheid van glasaal en 
pootaal op de Europeese markt kan d i t  s tree fge ta l  echter n ie t  e lk jaar wor­
den gehaald. Een verdere toename van de aalvangsten door de beroepsvissers 
l i g t  in de nabije toekomst dan ook n ie t  in de l i j n  der verwachtingen.

Door in  het voorjaar t o t  aan het einde van a p r i l  rond hoogwater 

Noordzee-water in te laten met behulp van de Brouwerssluis en het over­
t o l l i g e  meerwater t i jd e n s  laagwater te spuien via de hevel in de Greve- 
lingendam kunnen er zoveel mogelijk schollarven naar binnen worden 

gespoeld. Deze hebben verder weinig problemen om z ich d e f i n i t i e f  in het 
meer te vestigen. De Brouwerssluis zou to t  eind januar i gesloten moeten 

b l i jv e n  om wegtrek van oudere schol zoveel mogelijk tegen te  gaan. Wanneer 

om bepaalde redenen, b ijvoorbeeld  vanwege de w a te rk w a l i te i t ,  toch Noordzee­
water moet worden ingelaten gedurende de h e r fs t  o f w in te r ,  dan zou dat b i j  
voorkeur moeten gebeuren b i j  stroomsnelheden boven de 1,5 m.s- ^, overeen­
komend met de hoogste zwemsnelheden die volwassen schol gedurende langere 
t i j d  kan volhouden.

Op basis van een aantal aannames z i j n  schattingen gemaakt betreffende 
de mogelijke bestandsontwikkelingen en de door sportv issers  te  vangen 
hoeveelheden schol (Fig. 6 ) .  U i t  deze modellen b l i j k t ,  dat, wanneer de 

ja a r l i j k s e  in trek  en s te r f te  konstant worden gehouden, er na t ie n  t o t  v i j f ­

t ie n  jaar een evenw ichtss ituatie  onts taa t in het aantal oudere schol. B i j  
een in trek  van b ijvoorbee ld  2 m iljoen larven per jaa r  mag een bestand van 
ongeveer 0,6 m il joen oudere schol ( ÿ 1 jaa r)  worden verwacht, waarvan 
s lechts  270.000 stuks een l e e f t i j d  van dríe  jaar of ouder zu llen  bereiken. 

In geval van een ja a r l i j k s e  in t re k  van 5 m il joen larven zu l len  deze waarden 
oplopen to t  re s p e k t ie v e l i jk  1,5 en 0,7 miljoen stuks (F ig . 6a). Aangezien 
er door de Brouwerssluis in het voorjaar ook een onbekend aantal I-groep 

schol naar binnen t r e k t ,  zou het evenwicht in de p ra k t i jk  ie ts  hoger kunnen 
liggen dan wanneer wordt uitgegaan van een in trek van u i ts lu i te n d  larven.

Aangezien de w e t te l i j k e  minimum maat voor schol in Nederland tegen­
woordig 27 cm is en deze lengte in het Greveiingenmeer in het derde levens­
jaa r  wordt b e re ik t  { a f .  Doornbos S Twisk, 1984), kan ook het aantal door de 

sportv issers  te vangen schol worden berekend. De verwachting l i j k t  gerecht­

vaardigd, dat er b i j  een ja a r l i j k s e  in t rek  van 2 t o t  5 m il joen larven ca.
60.000 t o t  160.000 volwassen schollen per jaa r kunnen worden gevangen (Fig. 

6b).
Aangezien in de periode 1979 -  1985 slechts één keer het aantal
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Fig. 6 . Drie modellen met betrekking to t  de te verwachten bestandsont-

w ikkeling van de oudere scholpopulatie in het Greveiingenmeer (a) 

en het aandeel van d r ie  jaar en oudere schol dat daarvan door
sportv issers  geoogst zou kunnen worden (b). In de modellen A, B en 
C is aangenomen dat er j a a r l i j k s  gedurende het voorjaar een in trek 
is  van respek t ieve l i jk  2, 5 en 10 m iljoen schollarven en dat het 

de overlevende schol wordt be le t  om het meer in de h e r fs t  en
w in ter te ver la ten . Verder is er van uitgegaan dat de m o r ta l i t e i t  
onder juven ie le  schol ( < 1 jaa r)  90Ï per jaa r  en onder oudere

schol 33Î per jaar is .  De v i s s e r i j s t e r f t e  is gesteld op gemiddeld 
23% per jaa r.
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binnentrekkende larven op 10 miljoen individuen werd geschat (Tabel 1), 
l i j k t  het o nw aa rsch i jn l i jk  dat gedurende 10 t o t  15 jaa r  achter e lkaar een 
zo grote in t rek  t o t  de mogelijkheden behoort. 0e d aa rb i j  behorende 

bestands- en vangstschattingen moeten dan ook ais i r re ë e l  worden beschouwd, 

z e l f s  wanneer een optimaal sluisbeheer zou worden gevoerd.
Gedurende 1972 -  1977 z i j n  door sportv issers  gemiddeld 1,25 m iljoen 

schol, met een maximum van 3,1 miljoen stuks in 1974, per jaar gevangen 

(Steinmetz 4 Slothouwer, 1979). Zelfs  wanneer wordt uitgegaan van een o p t i ­

m istische in trek van 5 m iljoen larven ( o f .  Tabel 1), dan moet de sport­

v isser i j  rekening houden met een r e l a t ie f  lage j a a r l i j k s e  opbrengst van
160.000 volwassen schollen. Het is de vraag of d i t  een a an tre kke l i jk  a l t e r ­
n a t ie f  i s .

Er is eveneens voorgesteld om in het meer k le ine  sch o l le t je s  met een 
lengte van ongeveer 5 cm u i t  te  zetten en de oudere p la tv is  te  verhinderen 

het gebied te verlaten (Doornbos, 1985). Volgens Klein B re te le r  (1986) 

zouden er echter ongeveer 1 m il joen van die v is jes  nodig z i j n  om u i t e in ­

d e l i j k  200.000 volwassen schollen te kunnen vangen. D i t  houdt in , dat er 
b i j  een huidige k o s tp r i js  van f  0,50 per s tuk, voor elke gevangen schol een 

inves te r ing  van f  2,50 nodig is .  Om t o t  een ja a r l i j k s e  vangst van ca. 2 
m il joen volwassen schollen te komen, zoals gedurende 1973 en 1974 gebruike­
l i j k  was, zou een u i t z e t t in g  van 10 m iljoen sch o l le t je s  en een investering 

van rond de 1 m il joen gulden per jaa r vergen (K le in  B re te le r ,  1986).

Zeer recent z i j n  er besprekingen op gang gekomen om in het meer 

zalmachtigen u i t  te  zetten (K le in  B re te le r  S Steinmetz, 1987). Jonge regen­
boogforel Salmo g a ird n e r i  (20 -  25 cm), "smolts" van zeefore l S. t r u t t a  

t r u t t a  (15 - 20 cm) of zalm S. s a la r  (10 - 16 cm), o f een kombinatie van 

deze d r ie  soorten, zouden het beste in het voorjaar kunnen worden u itgeze t 

nadat de Bgouwerssluls zou z i j n  gesloten. Op deze manier wordt een wegtrek 

van de vissen naar de Noordzee tegengegaan. Aangezien de “ smolts" na 
ongeveer twee maanden hun trekdrang ve r l iezen, za l vermoedelijk s lechts  een 
gering aantal vissen in de h e r fs t  proberen het meer te ve r la ten , zodat het 
huid ige sluisbeheer kan b l i jv e n  gehandhaafd.

Op basis van een schatt ing van een voedselaanbod van 1400 à 1800 ton 
VG voor de zalmachtigen in het meer en uitgaande van een algehele voed- 
selkonversie van 5, zou een ja a r l i j k s e  p roduktie  van zalmachtigen van 300 à 

350 ton haalbaar moeten z i j n  (K le in  Bre te le r  4 Steinmetz, 1987). Z i j  bere­

kenden ook, dat,  b i j  een maximale u i t z e t t in g  van 20 -  60 "smolts" per
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h a . j' 1 (a fhanke li jk  van de so o r t) ,  de sportv issers  ten hoogste 100.000 à

200.000 fo re l le n  of 70.000 à 150.000 zalmen per jaar zouden kunnen vangen. 

Wanneer er regenboogforel wordt u i tgeze t,  zou ongeveer 75% van de vangst 

u i t  volwassen vissen met een lengte van 40 -  45 cm (0,5 -  1 kg) kunnen 
bestaan, t e r w i j l  in het geval van de zalm ca. 75% van de vissen een lengte 
van 45 -  55 cm (1 -  2 kg) zou hebben en 25% z e l fs  een lengte kunnen 

bereiken van 65 - 75 cm (3 - 4 kg) of mogelijk nog wat g ro ter kunnen z i j n .  

De j a a r l i j k s e  kosten worden voor fo re l  op 1 à 1,5 m il joen gulden en voor 

zalm op 1,5 à 2 m iljoen gulden geraamd. Daartegenover s taa t echter een 

geschatte opbrengst (b i jvoorbee ld  van visakten en de verkoop van v is  door 
de beroepsvissers) van ca. 1,5 à 2 m iljoen gulden b i j  de u i t z e t t in g  van 
fo re l  en z e l fs  4 à 5 m iljoen in het geval van zalm. Op basis hiervan komen 
z i j  t o t  de konklusie, dat de u i t z e t t in g  van zalm het meest winstgevend zou 
z i j n .  Anderzijds zouden in strenge winters de overlevingskansen van de 

zalmachtigen (en met name zalm) in het zoutwatermeer sterk verminderd kun­

nen worden door de lage watertemperaturen. Ook zou in warme zomers de

watertemperatuur een k r i t is c h e  waarde kunnen overschrijden (k le in  B re te le r  
i  Steinmetz, 1987).

Vooralsnog z i j n  de diskussies over de verbetering van de visfauna van 
het Grevelingenmeer nog n ie t  a fgesloten, met name binnen de werkgroep 
"Salmoniden in het Greveiingenmeer", waarin versch il lende spec ia l is ten  
z i t t i n g  hebben (K le in  B re te le r  & Steinmetz, 1987). Er zal echter nog veel 

g e r ich t  experimenteel onderzoek nodig z i j n ,  voordat een doelmatig beleid 
ten aanzien van het beheer van de visstand in het Grevelingenmeer kan

worden verwezen li jk t  en ais gevolg daarvan ook de eerste tastbare resu l­
ta ten kunnen worden verwacht.
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Roem is het Riek

Roem is het riek 
van dei kerel op diek, 
Luddek de zichter, 
groot is de dichter,

Hoog is de lucht 
mit zien zeewolkenvlucht. 
Wiedweg de robben, 
stoefbie de kobben,

Braid is het pad, 
dat doar wenkt over 't Wad. 
't Pad van de struner,

't laond van de nuner, 
Naarms gain grens 
veur zien endloze wens...

Uit de bundel "Zun, Wiend en Wolken" (1959) 
van de Groninger dichter Jan Boer.
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Appendix I .  L is t of f is h  species observed in Lake Grevelingen during 1979 to  1982. A fte r data of Doornbos
(1981), P h ilip p a rt A M eijer (19821, Waardenburg e t  a l.  (1984) and unpublished records (e .g . A.J.M. 
M e ije r, personal communication).

FAMILY
Genus/(Sub)$pecies English name Nederlandse naam 1979 1980 1981 1982

PETROMYZON IDAE
1. Petromyzon marinus Lamprey Zeeprlk + + 4
2. Lampetra f l u v ia t i l i s Lampern R iv ie rp rik ♦ 4

CARCHARHINIDAE
3. Galeorhinus galeus Tope Ruwe haai +

squalidae
4, Squalus acanthias Spurdog' Doornhaai 4

DASYATIDAE
5. Dasyatis pastinaca Stfngray P ijls ta a rtro g + 4 4

ANGUILLIDAE
6, A ngu illa  ang u illa Eel Aal + t 4 4

CONGRIDAE
7. Conger conger Conger Zeepa ling + 4

CLUPEIDAE
8 .  Clupea harengus Herring Haring + + 4 4
9. Sprattus sprattus Sprat Sprot ♦ + 4 4

IO. Sardina p ilchardus Pilchard Sardien 4
11, Alosa fa l la x Twaite shad F1nt 4 4

ENGRAULIDAE
12. Engraulis encrasicolus Anchovy Ansjovis 4

salmonidae
13. Salmo tru t ta  tru t ta Sea tro u t Zeefore 1 4 4
14, Salmo g a irdneri Rainbow tro u t Regenboogforel ♦ 4 4 4

15. Salmo sp. "SaImon" "Zalm" + 4 4

OSMERIDAE
16. Osmerus eperlanus Smelt Spiering + 4 4

GADIDAE
17, Gadus morhua Cod kabeljauw + 4 4
18. Merlangius merlangus Whiting W ijting 4 + 4 4
19. Pollachius pollachius Pollack Pollak 4 4 4
20. Pollachius v irens Saithe Kool vis ♦ 4 4
21. Trisopterus luscus Bib Steenbolk ♦ 4 4
22. Raniceps raninus Tadpole-fish Vorskwab + + 4 4

23, C il ia ta  mustela Five-bearded rock ling V ijfd ra d lge  meun + 4 4

ZOARCIDAE
24. Zoarces viv ipa rus Viviparous blenny Pultaal + + 4 4

BELONIDAE
25. Belone belone Garfish Geep ♦ 4 4 4

ATHERINIDAE
26. Atherina  bo^einl) Sand'smelt Koornaarvls ♦ 4 4 4

( A .  presbyter)

GASTEROSTEIDAE
27. Gasterosteus aculeatus Three-spined stickleback Driedoornige stekelbaars ♦ ♦ 4 4

28. Pungitius pungitius Nine-spined stickleback Tiendoornlge stekelbaars 4

SYNGNATHIDAE
29, Syngnathus acus Greater p ipe fish Grote zeenaald ♦ 4 4 4

30. Syngnathus ro s te lla tu s N ilsson's p ipe fish k le ine  zeenaald 4 4 4 4

31. Entelurus aequoreus Snake p ipe fish Adder2 eenaald 4 4 4

TRIGLIDAE
32. T rig la  lucerna Tub gurnard Rode poon 4 4 4
33. E u tr ig la  gurnardus Grey gurnard Grauwe poon 4

1) Recently Bamber A Henderson (1985) showed tha t the form erly d istinguished ind iv idua ls  o f Atherina presbyter 
and A. boyeri belong to  a s ing le  species, i-e  • A. boyeri.
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A ppend ix  1 . ( c o n tin u e d )

FAMILY
Ge n u s / (Sub) S p e d  es E n g lis h  name N e de rlan dse  naam 1979 1980 1981 1982

COTTIDAE
34. M y o x o c e p h a lu s  s c o r p i u s
35, T a u r u l u s  b u b a l i s

B ui 1 - ro u t  
Sea s c o rp io n

Zeedonderpad 
Groene zeedonderpad

4 ♦
+

4 4 
4 4

AGONIDAE 
36 . A g o n u s  c a t a p h r a c t u s Hooknose H arnasm annetje + 4 4

CYCLOPTERIDAE
37, C y c l o p t e r u s  Iw n p u s
38. L i p a r i s  l i p a r i s

Lum psucker
S e a -s n a i!

S n o to l f  
S la k d o lf ♦

♦ 4 4 
4 4

SERRANIDAE
39, D i c e n t r a r c h u s  l a b r a x Bass Zeebaars ♦ * 4 4

CARANGIDAE 
4 0 . T r a c h u r u s  t r a c h u r u s Scad H orsm akree l ♦ + 4  4

MUGILIDAE
4 1 . C h e lo n  l a b r o s u s

4 2 . L i s a  r a m a d a

T h1c k - 11pped g re y  mu 1 le t  
T h in -U p p e d  g re y  m u lle t

D lk H p h a rd e r
D u n llp h a rd e r

+
♦

4  4 
4  4

PHOLIDAE 
4 3 . f r i o l i s  g u n n e l l u s B u t te r f1 s h B o te rv ls + ♦ 4  4

am m odytidae
4 4 . A m m o d y te s  t o b i a n u s

4 5 . H y p e r o p l u s  l a n c e o l a t u s
Sandee)
G re a te r sandee1

Z a n d s p le r in g
S m elt

♦ 4  4 
4  4

CALLIONYMIDAE
4 6 . C a l l i o n y m u s  l y r a D ragone t P i t v l s + 4  4

GOBIIDAE
4 7 .  G o b iu s  n i g e r
48. P o m a t o s c h i s t u s  m ic r o p s

49. P o m a t o s c h i s t u s  m in u t u s

50. P o m a t o s c h i s t u s  p i c t u s

51. A p h i a  m in u t a

B la ck  goby 
Common goby 
Sand goby 
P a in te d  goby 
T ra n s p a re n t goby

Z w arte  g ro n d e l 
B ra k w a te rg ro n d e l 
D ik k o p je  
K le u r ig e  g ro n d e l 
G la s g ro n d e l

+
♦
+
+
+

4
♦
♦
♦
+

4  4 
4 4 
4 4 
4 
4

SCOMBRIDAE 
52 . S c o m b e r  s c o m b r u s M acke re l M a kre e l + 4  4

sc o p hth alm id ae
53. S c o p h t h a lm u s  r h o m b u s
54. S c o p h t h a lm u s  m a x im u s

B r i l l
T u rb o t

G r ie t
T a rb o t

+
+

4
4

4  4 
4  4

PLEURONECTIDAE
55. P l e u r o n e c t e s  p l a t e s s a

56, L im a n d a  t i m m i a
57. P l a t i c h t h y s  f l e s u s
58, M ic r o s t o m u s  k i t t

P la ic e
Dab
F lo u n d e r 
Lemon s o le

S cho l
S char
B o t
Tongschar

+
+
+

4
4
4
4

4  4 
4 4 
4  4 
4  4

SOLEIDAE 
59 . S o l e a  s o l e a S ole Tong ♦ 4 4  4

T o ta l T o ta a l 31 4 8 55 52

T o ta l number o f  f a m i l ie s :  31 
T o ta l number o f  s p e c ie s  : 59



Boem is het Riek

Roem is het riek 
van dei kerel op diek. 
Luddek de ziohter, 
groot is de dichter,

Hoog is de lucht 
mit zien zeewolkenvlucht. 
Wiedweg de robben, 
stoefbie de kobben,

Braid is het pad, 
dat doar wenkt over ' t  Had. 
't Pad van de struner,

't laond van de nuner,

Naarms gain grens

Veur zien endloze wens...

Uit de bundel "Zun, Wiend en Wolken" (1959) 
van de Groninger dichter Jan Boer.



Dei hier aas kiend al kwam op diek en kweller 
En laans de lien van bloas- en zeewier laip,

Dei luusterde noar wiend as zien verteller 
En dei de vogels ien heur vlucht beraip,
Dei mit de wolken al moar wieder voarde

Noar 't wonnerstee, dat veur gain mens bestait,

Dei wer gewoar, wat nooit ien hom bedoarde,
De laifde veur dit laand, ien ainzoamhaid.

Laatste vers van "Waddenlaand" uit de bundel
"Roemte en Voart" (1954) van de Groninger dichter Jan Boer.
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