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Results of the second of two workshops on this topic. spons~red by the FAR· programme of European
Community. I

by
I. . I

Renger Dijkema
!
I

Netherlands Institute for Fisheries Research
P.O. box 7~, NL 4400 AB Yerseke (' t>/ I ... fJ I I')

T,he N,etherlanls / ~':l t't,~ e.~U( lh •

Abstract' I . ( [.c.r.•..)~~ cC- )
. , \ ~k~

Different intensities of the 1992 spatfalls of mJssels and cockle~were reported in
, " ' I, ,

the participating countries, no links with external factors Iike winter temperature
or precipitation were observed. Overview ma

1

ps.of Europe s~ow the reported '
recruitment success of musseis and' cockles in the different countries. Since 1992,
research activities in the field of spatfall and recruitment have increased in most of
the participating cOlmtries, and at present about 9 research and monitoring
programmes are under way, concerning sUbjects like larval densities and

..' . , -

settlement, spat condition and survival and recruit stock monitoring. In this
report, summaries cf the contributions of the participants are represented,
Discussions dealt, among other subjects, with ;the effectivity 6f artificial mussei
spat collectors for monitoring purposes, prima.y and secondary settlement of
mussellarvae, as weil as monitoring techniques' for recruits and parent stocks. Äs
the interest in spatfall, settlement and recruitment of bivalves is growing and a
number of studies are still in development, 'the wish was expressed by the

I •

participants to find a way ofcontinuing these workshops. The present, relatively
cheap form 6f short workshops, held in an i'nstitute at a central location, is
considered very effective to standardise methods, to share experiences arid to
improve European coordination between researchers.

,. I
j
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1 INTRODUCTION, .
This paper is an account Cf contrlbutlons and discussions produced during a
two-day workshop on spatfall ancl recruitment ef musseis and ,cockles it was the
second of two workshops on relations between spatfaJl and recruitment and

, ".,.' ," <" >'. '..' t ",,' • ',. '" • ,';

erivironmental parameters in Europe. Both workshops were sponsored as a
C6erdination Action in,the FAR-programme 'of the Commission of European
Communities; This paper has to be read in combinatiori with ICES paper C.M.
1992/K:45, which coi"ltains the report of.the f'irst workshop of the same name,

held in March i 992, (Dijkein~, 1992). .' J '. .' . ...
The workshop was, like the first one, held In Yerseke, the Netherlands, on 11 and
12 of March, 1993. It was atterided by 20 participants from 6 countries: Spain,
France, the UK~ the Netherlands, Germanyarid Denmark.

. . , . . I..,
The problems with failing recruitment of especially musseis appeared in some
cases to have deereased after, new, successful settlements. The participants
reported on a riumber of studies, already un'der way or recently undertaken,
especiaJly in the field of the monitoring,6f spa,tfali on artificiai coJlectors aridof
conditiori arid survival of spat. The subject of.the monitoring of settlement by

. .' I. '. ' '

means of test coJlectors appeared to be of wide interest and was exterisively
discussed. I

I

. . . " __ I,
2 ATTENDANCE OF THE WORKSHOP

Denmark: Per Sand-Kristensen Institute folr Fishery and Marine Research,
Charlotte~lui"ldSlot, 2920, c;:~arlottenlund. . I ',"
France: Jeari Prou. IFREMER, BP133, 17390 La Tremolade, Marie-Jose
Dardignac. IFREMER, Place du seminaire 7, B.P. 7, 17137, L! Houmeaü.
Germany: Maarten Ruth, Matthias Seaman arid Andrea Pulfrich, Institut für
Meersekunde an der Universität von Kiel, Dusternbrooker Weg 20, Kiel. Rudi
Meixrier and Thomas Neudecker, Bundesforschungsanstalt für Fischerei - Institut
für Seefischerei, Palmaille 9, D-2000 Hamburg '50.. .
Netherlarids : Renger Diikerria (Chairman), Jeanet Allevvijn. (support>. Marnix "an
Straleri. Joke Kesteloo. Cora Brand; Netherlarids Institute for Fisheries Research
(RIVO-DLO), PB 77,4400 AB Yerseke. Cees de ·Vooys. Institute for Forestry and
Nature Research (IBN-DLO), PB 167, 1790 AD Den Burg. Pieter Honkoop.
Netherlands Institute for Sea Research (NIOZ), POB 59\1790AD Den Burg, Daan
80S, Be Jon Coosen Ministiy of Transport arid Public Works, Tidal Weiters Division,
PB 8039, 4330 EA Middelburg. Jan Bol, irislaan 13, yerseke... '
Spain: Jorge Caceres Martiriez. Institute de Investigaciories Maririas, Eduardo
cabello 6, 36208 Vigo. ! .
Great Britain: Peter Dare and Peter Walker, Ministry of Agriculture, Fisheries and
Food, Fisheries Laboratory, Lowestoft, Suffolk NR33 oHr, England

I .

I
I

i
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3 STATE OF THE ·ART IN THE PARTICIPATING COUNTRIES

3.1 Recruiiriient .

The intensity of settlement arid recn.iitment appeared to vary considerably
between countries and also, within· same countries, between regions. No
apparent re.lation could be found with envirenme~tal factors like mild or streng
wiriters, wate.. temperatures, precipitatiori or river discharge. In the maps 6f figure
16, an impression is given of the recruitment success in 1991 arid 1992 of
musseis and cockles in the most important regions in western Europe where
these are exploited; The categories: IIgoodll

, IImedium ll arid IIbad ll are subjective
and based on impressions, given by the participants and other scientists working
in these areas. The rricips give too general ci view to. base conciusions on. The
considerable variabilitY between regions, witholJt an obvious pattern, however, is
interesting. An exercise Iike this should be repeated during a number of years in
order to be meaningfuL The following information was contdbuted by the
participants:

Denmark
RecruitmEmt of musseis in the Wadden Sea has been poor dudiig the last four
years. The last rich spatfall occurred in 1987. MusseI recruitment in the Limfjord,
as fcir as observed.~ is good every year. Recruitment ofcockles has been good
and there are large stockS present in the D~nish Wadden Sea;·

Germany
'No statistical data on spatfall arid recruitment were available. A relation is
presumed between mussellandirigs and numbers of frost days during wiriter.

France·
On the musseI ropes used to collect spat for the "couchet" cultures along the
Frencn Atlantic coast, Hitle or no spatfall has been reported tor tne last 3 years,
which causes difficulties for the mussei growers. There were no data available on
recruitment of cockles.

Great Britain
Molluscal1 stocks are studied by MAFF and leca! tisheries authorities. Mussei
stocks are stiillow in the U.K., the last good recruitment has occurred in 1986.
Recruitment of cockles is highly variable over the coimtry without any explanation
for the differences.

The Netherlands
the Netherlands Institute for Fisheries Research (RIVO-DLO) follows recruitment
ef musseIs arid cockles, the Netherlands Institute for Sea Research (NiOZ) studies
recruitment arid production of benthos on a tidal flat in the Wadden Sea.
Recrl.iitmerit öf musseIs in the Waddel1 Sea was poor in 1989 ane 1990, a IiUle

-5-
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better in 1991 aridgood again in 1992, des~ite a very mild winter. This 1992
yearclass was produced ,by an extremely low parent stock ""hkh had been
decimated by storms, predatiori by Eider duckS 'arid fishery. Spatfall only occurred
iri the subtidal zone. in October 1992; the stock was 150,000 tonnes (fresh
weight). HeavY storms swept away most of the' stock thst had remained after the
seed fishery in October. In the Oosterschelde, no spatfall of significance had been
recorded since 1986. Spatfall ,1993 appeared to be good in the western half of
the Wadden Sea in July 1993. This is, however, too early do justifY cöncluslons on
recruitment. MusseI seed surveys are made yeariy in April.

. " '.' I..,
Recruitnient of cockles was low in 1989, good in 1990 and low to moderate iri

, .. ', .', I ". .. ,. ,.

1991. Recruitment in 1992 appears to be better, although assessment results are
not known yet. More tlian half of the cockle produC:tion iri 1992 was dredged in
the subtidal zone cif the North Sea coast in the Zeeland deita area.

Spisuia subtruncata (Da costa) developed tJ ~ regula~ target species for the
bivalve dredging industr-y, after,. since 1986, iricieIental small catches were landed.
In i 992-1993, 7,000 - 15,000 tons freshweight were dredged at the seaward
sides of the Wadden Sea islands and in the so'uthern delta. Information on the
stocks is still scarce. Large but ratlier short-Jived stocks appear to oe present all
along the Dutch coast, at depths of19- 25 m. Most cif the beds probably had an
age of 1,5 - 3 years in January of 1993. It is endeavoured to carr)r out regular
surveys ori thisspecies, as these stocks may constitute an important and hitherto
unstudied link in the food web, particularly where grazing on phytoplankton and
feod supply of bivalve-eating seabirds are concerried.

. . ' I
Spatn" " , ,', " .: . '.
Spatfall and recruitment are studied by several 'research iristitutions. the Instituto
de Investigaciones Madnas studies spatfall in

l
the Gallciari Rias. There are two

peaks: one in May and one in August-September. Spatfall appeared tci be more
intensive iri the outer area thim within the Rias.l .' ..

, I

I
I

3,.2 , "Surviyä,i of.spat ., . . !. .. '. .' .' ,'
In Denmark, predatlon by shore crabs was reported on Juvenile musseIs up to a
shelliength of 15 mm. Corisumption of mussels'by Eider ducks in the Netherlarids,
Germariy and Denmark combined, was estimated at 60,000 tons fresh" weight per
year. In Germany, heri-irig gulls (Larus argentatus) are mentioried as a serious
mortality factor on intertidal musseI lieds. I

I

I

j

I
I
I
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4 SUMMARIES OF, THE WORKING PAPERS PRESENTED SV
THE PARTICIPANTS.

4.1 Monitoring mussei spat abundance in the Wash using artificial
cöllectors

P. Walker and P.J. Dare, MAFF, England
.. .

4.1.1 Introduction. materials and methods
In 1983, the Eastern Sea Fishei-ies Committee (ESFC), managersof the Wash
musseI stocks, expressed concern at the 10"" stock levels of fishable musseIs. A
low-budget exercise was initiated using artiflcial spat collectors combined with a
foot survey of spat and adult stocks on the grourid. Two sites were selected,
dose to the extreme water of spring tides at Thief arid Toft Sands. Tne spat
collectors consisted of 0.5 m lengths of 10 inm diameter polypropylene carrier
rope into which were inserted transversely 15 cm long tufts of split-filrri
polypropylene {SPF)rope at 10 cm interVals. Eacn tuft was frayed and combed to
produce a 5cm wide brush. At each site, four collectors were mourited 6n a

. tubular steel frame at a height of 0.5 m aböve itle suöstrate (Dare et al., 1983).
The number of spat in eactl sampIe was. counted using a low-powered zoom
inicroscöpe (x3-x1 0 magnification). From 1983-1987, five morithly sampIes were
collected betweeri April and September. Destroying of the coJiectors by musseI
dredgers formed a serious problem, leading to the ending of the project.

4.1.2 Results
1 Seasonal pattern ofsettlement
Figure 1 A arid B show c1ear seasonality whicn is consistent between the two

• sites, with peak abundance in June-July each year.

2 Annual variation
At the pedod of peak settlement, variation in abundance betWeen years exceeded
2 orders of magnitude: 500-61,000 spat per (0.5 m) collector at the Toft site and
300-27,000 at ttle Thief site.

3 Len!/th ofdistribution of the spat.
Mytilus spat may be separated into priniary «0.5 nim) arid secondary{>O.s mm)
stage plantigrades. lri most months, almost all settlement was by secondades.
Table 1 shows the variabllity cf prlmary stage abundance in collector catches
during ttie peak settlemerit months of June-July in tWa years (1986 and 1987).

i=igure :2 shows the size distribution öf Üie spat which settled öh the Toft arid
Thief collectors during July 1986. The distribution is quite different with the Toft

, sampIe consisting of 70% primaries, with secondaries mainly below 1 mm. At the

- -7-
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Thief site, primaries made up only 0.5% of that month's settlement, whlle
secondarY spat were larger arid rariged up to 4'mm. .,.'
Fig. 3 snows the slze distribution of spat from acollector retrieved tram the Thief
Sand on 12 October 1987 after a deployment of 112 months. The spat here

, ...._ •.. • I '. ,'" ..' , .... ' ..

were all secondaries but the low model length (1 mm suggests an autumn

spawriing) imiy have occurred. . I ...
4 Relationship of col/ector catches tri stock and to ground settlement.
Table 2 summarises the 1987-'89 data, and shows winter air temperature
anomalities prior to spawning. Despite the sho~ time series, use of caide indices,
and gaps in collector data, several possible relationships are hinted at:

(i) . collector catche~ . I '..
-do not always appear to reflect' relative abundance of ground

. settlement, perhaps because of the vaiying numbers of the migratory e
prilTlary phase attraded to tnese filamentous collectors.

'- " " '.' ,'" . ,
-are not related to spawmng stock. I

i
, '. I

(ii) , . Moderate or good ground spätfalls (n=4)
-seem more likely (3 of 4) after a cold/verY. cold Feörliary.
-can occur in years of\ low spawning stock (3 cf 4).

I

, . I.
(iiQ zero spatfall years (n=5) seem more likely (4 of 5) followirig averagEVwarm

winters in conjunction with low spawning stockS.,,
4.1.3 ccnclusions. 1. ." .. .
There does not appear to be a simple stock-recruitmerit relationship. Spat are
. •. . '. ' . ' , ,' .• ; • I, .' " - .., ~ •

present In Wash waters every year, but thelr vanable abundance seems to be
related more to physical tactors (winter temper~ture arid dispersaVretention) than
to spawriing stock levels alone. One can !only speculate about possible •
mechanisms. I

, I , .
Exploratory applieation of the NORSWAP hydrographie model has indicated that
the Wasn is probably a semi-c1osed system, with anriuallyvariable losses of Wash
larVae 1:0 sea but no slgnificant input of mussei (or cockle) larvae fromother North
Sea populations. !

. I,
A colledor study cari provide' useful information, but needs considerable long­

.term commitment cf effort in terms of manpower and vessel time.

4.1.4 Reference I

Dare, P. J., Edwards, D.B.~ and Davies, G. (1983). Experimental cöllectiön änd
handling of spat musseis (Mytilus edulis L.) on ropes for iritertidal cultivation. Fish.
Res. Teen. Rep. MAFF Direct.Fish.Res., lowestoft, (74), 23 pp.

I

I
t
\
I
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4.2 Lanial abundances änd ariificial spat colleeting observations in
the Dutch Wadden Sea

·C.G.N. de Vooys
Inst. of Sea Research (NIOZ),
Neth. lrist. of Forestry and Nature Research (I8N-DLO)

For a large number of years, mussellarvae ancl metamorphosing iarvae have been
studied. in thewestern Dutch Wadderi Sea. Nearly aIllarvae arid spat originate
from cultivated musseis, reared on plots along channels at a depth cif 3-10 m.
Laniae are counted in water sampies of 100 I, andfilteredthrough plankton
gauze. The sampIes were taken from the jetty of NIOZ on the island of Texei next
to the Marsdiep, (Figure 4, see arrow), which has a clepth of 10-io m.
Metamorphosing larVae were collected on petticoat gauze, stretched on a frame,
which was hung .trom the jetty. 80th free arid metamorphosing larvae were
sampled tWo times a week. Since I am working ori contracts on other subjects at
NIOZ, not all sampies could be counted arid analysed. At the moment, three years
of observations of mussellarvae have beeri counted: 1981, 1982 arid 1992, at
least for the most important spawning time in April and May.

From the results, a pattern became visible. In April only in 1982, a larval peak is
visible; on the contrary in May each year, a iarge peak shows. Probably, spawning
of large numbers of musseis together could be triggered by a rise in water
teinperature in a short time. Even ci preliminary analysis between the time in which
the peaks occur and the previous increase of thesurface water temperature at
the NIOZ jetty gives an indication that this inight be true. Unfortunately, local
water temperatures riear the mairi cultivatiori areas of musseis are not available. '
However, values of solar radiation and wind force and direction frorri the
meteörological station near Den Helder couid be üsed for anaiysis. Also,

· interactions between the daily heat balance and the shifts of the tidal cycle give a
deviation from the daily water temperature in the Western Dutch Wadden Sea
which could give an additional"heat shock".

For a statistical analysis of the results, at least 4 ~ 5years of obserVations are
· necessarY. This summer,' I warit to make astart with s method to monitor the
occurrence of spatfall with time. Substrates will be presented t6 the spat whkh
are as natural as possible, and, besides, ideritical. For this purpose,:a transparent
and elastic mould of silicone material is made of natural aggregates of barnacles.
From this mould, casts are made with polyester (styrerie),which gives a sürtace
resembling that of oarnacles. The casts will be hung from the jetty iritö the water
column and will be changed two tirries a week.

. - 9-
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4.3 Settlement of musseis My~i1us galloprovincialis on an exposed

rocky shore in Ria de Vigo, NW Spain.
I

.' i
Jorge Caceres-Martfnez, Jose Antonio F. Robledo, Antonio Figueras
Instituto de investigaciones Maririas CSIC, I '
Eduardo Cabello, 6, E-36208 ,Vigo '
Spain !

I
j

, ' " ' I "

Abstract cif a paper, acepted for publication in the Marine Ecology Progress series.
. .. I ~

,The blue musseis Mytilus galloprovincialis ls th~ most important spedes in marine
aquaculture in Spain, especially in Galicia (NW Spain), where production has been
estimated at 200,000 tonnes per year, placing the country as the biggest
producer of musseis in the world (Figueras 1989, Perez Camacho et al., 1991).
The culture is carded out in protected areas, Rials, and the culture method uses
ropes, suspended from rafts. The mussei farming iridustr)t of the Galician region
requires that 60-70% of its seed supply is taken'from rocky share areas. .;

" .' ' ..' :. .. ..' ., I ,. " . ~'. ' ".

There are almost no quantitative data for a recruitment and settlement pattern of
" , :' _", l ' • • ... "I j" " " .. .'. • '1'.,

the mussei seed. The study was carned out on the exposed rocky shore located
at Cabo Horne on the oceanic side of the Ria de Vigo. Twelve seed i::ollectars
made of nylon ropes, slrriilar to those used by the local mussei farmers, of 3S cm
length and 2 cm diameter (225 cm2) were placed in 1:w6 stainiess steel structures,
placed just above Lws level. Monthly sampies ~were taken between March 1991
and Februar)t 1992; changing one rope. Spat were scraped off,' counted'~md
measured. Primary spat was separated, considering musseis with shelliengths
from 0.250 - 0.470 mm according to Rees 1954, Bayne, 1956 arid widdows,
1991. This group was considered as 0.500 rrirril . '.

!
. , I

The total numbers cif musseis from the rope 'colledors are shöwn in figure 5.
Settlement peaked from May to September and remained low throughout the

, ",' '... , ' '.' • '.. , .. '; 'I ,,, ' , .. , • ' '. .' ..

other months but wlth a light Increase In November. The contnbutlon'of the
primary spat was inainiy in June at the start of the settlement season. Length
frequencydistributions of the musseis, obtained from the rope collectors,' are
shown in figure 6 A and B. Primary settlers occurred throughout the stLJdy period.

• ' '.. • • .' ..,'. - ' , , ' .. , I t" . '...,.' .. • I""

An Important Increase occurred In May, although with low numbers of musseis.
In June, the secondary stage (Iength dass> 0.500 min) became mare frequent
as the total numbers öf musseis increased: From this month there was a
progressive occurrenc.e of the langer length c1asses. In sampies obtained from the
adult bed (Fig. 6 B), the pdrriary spat also appeared throughout the study period.

I .
, ',', . , .' " . : ,I ," " .' '", . ,," ..

The year-round presence of pnmary spat and their abundance in May and June
reflects the presence of spawning musseis' throughaut the year and the
occurrence o~ a major spawning period ,audng the spring. The observed
settlement pattern indicates the direct settlement of larvae from the plankton
onto the adult beds and an immigration of musseis previously settled on other
substrates. The strong increase of the number. of seconaarY settlers within one

-10 - I!,
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nionth C~ln probably be explairied by the immigration of prirriary settlers and the
fast growth of primary settlers dLiring ci warm period. The scarcetY of the length
c1asses <:2.860 rrim suggests that the iTiajoriiY cif young post-Iarvae able to drift
occur under this snelllength (Sigur"dson et el., 1976, Siok arid Tan Maas, i 977).
The presence of'primary settlers «0.500 mm) on the adult beds detected in this
study indicates a direCt settlement from the plankton witn6ut a previous phase of
grovvth on another substrate. The settlement pattern fourid in the Ria de Vigo
could be explained by the possible genotypic differences between the tWo mussei
species and the differential mortality as suggested by McGrath et al. (1988). in
addition, the difference betWeen the settlement patterris could also be a response
to tne ecological and environmerital coriditions tnat occurred on tne Gaiician
rockY shores.

For literature references the reader is referred to the artide.

4~4 The irifluet:lce of ,winter temperatures, on, the reproductive
success of the marine bivalves Mäcoma balthica, Cerastoderma
edu[e and MYtilus edulis.

Ari introduction.

Pieter Honkoop ,
Netherlarids Institute for Sea Research (NIOZ)
Coastal Systems department

4.4.1 intr6duction ,
Annual obserVations since the year 1969 by Beukema on macrozoobenthos cit
tidal flais at tne Balgzand in the westernmost part of the Dutcn Wadden Sea
(Figure 4) indicate the influences of winter temperatLJres (rriean teinperature of

. the Wadderi Sea water in Jariuary, February arid March) on the abundance of
many species in the spring and summer of the same year.
It a'ppears thcit juveniles cif some bivalve species are more abundant in summers
following asevere wiriter inan after a mild winter. The. most importarit spedes are
the cockle Cerastoderma edule, the blue niussei Mytilus edulis, the Baltic c1am
Macoma baltica arid the gaper c1am Mya arenaria. These species are the most,

, ii'nportant ones because they have a hign relative biomass ane failureof their
recruitment could have negative consequences tor animals nigher in the food
chain. Another reason for the importarice'of two of the species is that the cockle
and the blue mussei are neavily fished and a failing recruitmerit wili also have
economic conseqüences.
A low recruitmerit was öbserved after tne mildest winters of t~e last decades
(i 974, 198a' - 1990). The meari water temperature in these winters was about 6
oe. After cold winters (1979, 1985 ;,1987, mean water temperature of 1,8 Oe),
tnere was an above-mean recruitment.

- 11 -
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To explain these results, there are two hypotheses:

I, ,

• ~ '. ' , c... ' .e" _ ~ ~ t , • ". ~ . " '". ...,!
, 1. After a warm winter predators will appear earher and In greater abundance

on thEdlats than after a cold winter. Their appearance on the tidal flats .
coincides with the settlement of the bivaive larvae. The size of the larvae is
s6 small thai they are suitable food for their predators such as juvenile '
," '" .,' I " "

. shere crabs, Carcinus maenas, and shrimps, Crangon crangon. '.
I

, , ,

2. The metabolism of the bivalves is at a higher level dLiring a mild winter tllan
during a severe wiriter. The consequerice is that the food supplyto the
gonads will decrease and the eggs will be smaller and less vital after a wann
winter., I "

, , ,I

Consequences of the second hy'pothesis could be:
1. -an abnormal c1eavage of the first stages after fertiiizatiori, e
2. -abnormal trochophore laiVae, i '
3. -an abnormal prodissoconch I (first iarval shell) and,
4. -a lewer growth rate of the larVaeJ " ,

Maybe, bott, hypotheses are true and either lf them can explain apart of', the
poor recruitment after a mild winter. In our investigations we want to study the
question in how far the second hypothesis is true.

f

So tlle main question is: , ! " , " '
Do high winter temperatures negatively affect the vitality of the eggs and the
sUrVival of the larVae dtiring the first days of their life?

I
',," ",', ", "',, , i, . ",'

To investigate the effects öf wiriter,temperatures ori the reproduction on a .Jab-
scale, we need 3 groups of animals which are kept at different temperatures
auring the winter, vii. at the normal seawater temperature, at temperatures 2°C
higher, and at temperatures 2°C lower. From the different groups the glycogen
content, the condition factor (the weight of ttle soft parts at astandard length)

, '" ", ",., .. ', . • ' , ••• ,I. • ',." , ' " "

and the gonadal development dunng the WInter WIll be assessed. In the spawning. .' ~ " ,', .. .' , , . .'" . . . - . .-... . . ' ,. ., ", .. . ~.". .
season the gametes WIll becounted, the dIameter of the eggs observed,and the
larVal survival arid the quant1tY of deformed larvae estimated.
We also want to assess some biochemical,parameters in the eggs and iarvae such
as protein-, Iipid-, glycogen- arid carbohydrate content.
, . . ' ! '
4.4.2 Prelimiriafy results . i .

• I f,' . l

Last year (spring 1992) we stärtea our experiments. This was in fact too late, as
• ~ ",. ~ • , " • • 'C._ '. ~ . .'" <. ," (,." " , ",' ;;; •

the winter was almost over, but the expenencewith our experimental set up was
usefui. We measüred the condiiion of the animals arid the egg diameters. The
warmest winter temperature resulted in the worst conditions and the smailest
eg~is for all species. The condiHon of the mussei and the Baltic c1am were maximal
.' ,',' '. " '" I" '. , ' •• ' ' ..

after the simulated cold winter and the best condition of the cockle was observed
after a simulated mean winter. The diameter of the eggs followed this trend. We

, ! .
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•,!

do not know ttie survival of ttie laniae of ,the different groups Yet. This year, the
above mentioned parameters will be.estimated for the animals kept under lab
coriditions at ttiree temperature levels, arid for animals in tne field; A detailed
description cf the amount of gonadal tissue will be made, and the amount of
eggs cf the ttiree species will be assessed. We also want to know how normal
larval developmerit will take piace, in order to oe able to recogniie defcrmed
embryos.

4.5 Recruitment of musseis in the Pertuis BrE~ton (France) in these
last years. A preliminary analysis of the influence of temperature
and sunshine..

J. Prou arid M. J. Dardignac.

IFREMER , La Tremblade and le Houmeau, France.

4.5.1 Intrcauction

. Since 1979, the IFREMER laboratorY follows mussei recruitmerit in the Pertuis
Breton. Gametogenesis generally begins in September er October and ends in
December. Spawning may begin iri Febrtiary arid continues up to the end of April,
but it usually occun; in the secorid fortnight of March. The most important
settlement generally runs after tne middle of May üp to the middle of June.

During the study period, four years are noticeable by lack of settlement: 1982,
1989, 1990 and 1991 (Figure.7)~ This failure throughout these last years resulted
in breakdoWn of the cultivated biomass (Figure. 8).

4.5.2- Temperature
In order to test temperature effect on recruitrrient, the number of spat per meter
of coconut rope is corisidered as an index of annual spatfall success. Air
temperatLire is cnosen as the independerlt variable because of its good
agreement witn water temperature in shallow bays.

Correiatioris between s'pat numbers and weekly temperatures show a negative
effect of tEmlperature on spat mimbers (Figure 9). This result is corroborated by
the distribution of these correlatiori· coefficierits compared to anormal
distribution. It c1early shows the negative effect of temperature.

The day-degrees method was applied here for molluscs. For instance; the date of
spawnirig of Crassostrea. gigas showed good ägreement between the stirn of
temperature above a minimum and över the. period of gametogEmesis until
spawning. Cor-relations were calcLilatea betweeri spat number arid all
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, Mar1
-131.22: r

Feb3

Jan3
-98.9 2:r

oet2
=55

I

I
• I '

combinations of cumulative temperatures betJ.,een the supposed beginning' of
gameto~enesis(O~tober) and spatfall (June). . I

• •
" ' I . . .'.

The three isolated periods in which correlations were highest are (fable 3 A): ,
I. I,

Second week of October ,third week of January
Third week of February first week of March
Second week cf May first week of June

I

I
Each of these periods shows strong correlations with spat number.

, I
, I·'

A multiliriear model to predict spatfall success explained 91 % of the variance of
the deperiderit variable: i

iI Jun1
- 357.4 2: r + 43413I May2

I
This high value c1early shows the negative effect of cumulated temperature

, .,' I '.,

expressed as a maximum temperature which could not be exceeded. ' l

,I .
Furthermore, strong corre'latlons between curTu.ilated temperatures show that
only one period has to be taken into accOLint for explainirig spatfalls (fable 3 B).

!
I4.5.3 Sunshine ~

Let us remember that in the Pertuis Breton the :mussel seed is collected on c~co­
fiber ropes which are out of water during the low waters of spring tide (Flg. 10).
The seed is known to be very weak just as it sets' on the rope. If, at this moment, a
spring tide getting the ropes out of the water, coincides with very sunny weather,
seed can die. Table 4 gives the monthly averages of sunshirie in May sirice 1979.
It shows a very important sunshine in May 1989 and May 1990. The same
occurs in 1992, when the recruitrrient was normal and, on the contrary, sunshirie
was normal in 1991 when the recruitment was deficient.

However, looking in details at these two years, le can observe that:
I

.. , I I

-In 1991, if the average of sunshine in May was near the standard, it
appears that it was in excess between the 18th and the 30th of the month
(Fig 11). In addition, the last days of May ~oincidedwith spring tides arid, if
seed has settled at this moment, it can have died.

I

, , . I,.
-In 1992, we have watched for the larvae, so we know that settlement
began after the 19th 6f May. But, atlthat möment, if sunshirie was
important, it was neap tide and ropes did not gei: out cf the Weiter. .

i
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4.5.4 Conclusions _ ". .
It has beeil shown th.at temperatur,e is inversely related to spatfall success.
BetWeen October and Jurie, three periods seem to be of special importance. but
only one of them has to be chosen. Further research has to be made for making
this dioice.

On the other hand. owing to the technique used in Pertuis 8reton. an irnportant
sunshine coinciding with a spdng tide just as seed is setting on the ropes. appears
to be a major factor in spatfall success. This hypothesis is Strengthened by the fact
that. during the period of study. a reCruitrnent failure was not observed on the
longliries. where ropes are never out of the water. . .

" ' . .'- _. - .' - ._ ~ . _. . I p

4.6 Spatfälls of cockles and rliussels in the Wash hl relation _. to
prececHng winter temperatures and possible effects cf spring
wind regimes upon larval aispersal: a preliminary analysis~

P.J. Dare and P. Walker.
MAFF.
Lowestoft. England

4.6.1 Introduetion
At the first workshop, a preliminarY analysis was presented of ci long time series of
spatfall and stock abundance indices for both Cerastodermaedule arid Mytilus
edulis in the Wash, easterri England (Dare. in ICES report of Dijkema. 1992). The
frequency of occurrence of spatfalls of different magnitlJdes was discussed
mainly in relation to spawning stock abundance (i.e. biomass) indices. No strong
stock-recrlJitment relationship was evident from the aggregated data for either
species. thoügh a possible association of very cold winters with subsequeni large
spatfalls was indicated. paralleling a more striking correlation shown by Wadden
Sea populations.

The present paper olJtlines a further. Iimited exploration of the Wash information
for the years 1920 - 1990. lri particular. we examine the.extent to which spattalls
of the t\fvo species may be Iinked tri (a) spawning stock biomass (SSB) index. and
(b) ciimcitic factors during the periods of gametogenesis (winter) arid larval drift
(spring). .-

4.6.2 Methods

Ci) Climatic data:
Morithly averages of air and sea temperatures were available foi- an open coast
situation (Skegnes) just outside the nolth entrance to the Wash (Figure 12). As
the sea temperature record spariried only 14 years (1966-79). values for winter
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Results ' .4.6.3

I
I

I.
I,,

." .1, " .
(Januc3ryand February) prior to 1966 were estimated from the regression of sea

" '," " " ,. ,
on air temperature: '. i. ' .

. tsea = O.5368tair + 2.2212 (r=O.8030)

, I, ,',
A compadson of the mean air temperatures at Skegness with those at !Wo inland
sites just south of the main Wash shellfish stocks showed onlya small «0.50°C)
difference. It was assumed therefore that mean sea temperature in the southern
Wash at high water wouid bei less thein 0.5 oe ~ooler than eit Skegness. '
, i

t ," •

Temperature data are expressed as departureJ (+ve of -ve anomaiies) from the
long-term mean at Skegness. Winters were th'an ranked in decreasing order cf
warmth and divided in three sea temperatu're bands: IIWarm", IInormalll:Clnd
IIcold ll

• Monthly mean wind veiocities were calculated for each directiori. '
I, '

(ii) biological data , j
SBB indices were grouped into two c1asses: Ca) II10wll (inadequate to support cl
fishery), ancl (b) IImedium-high" = eapable of su'pporting a fishery. Spatfall indices
were c1assed as: (a) II10wll (including failures), (b) II mediumll, or (e): IIhighll

abundance; the last eategories would sustain fisheries.
I

, " I."

Pathways of Iikely larval dispersion from (or into) the Wash were explored using
the North Sea hydrographie model NORSWAP (Baekhäüs, 1985; Darby and
Durance, 1989). I -

I.
I

.As orily primary statistical analyses have be1en pefformed on the data, :the
,- .., , ..." "," . " " , " '.' '.'

observations and interpretations given here are necessarily provisional., '

, ,I . .
. ...." ,.' . ".\ " , .,

The eo-oeeurrenee of spatfall was examined for 68 of the years between 1923
arid 1992 (table 5). There was marked synchronicity between specles for yea'rs of
low spatfalL with a -70% eoincidenee (31 of 42 for musseis, 31 of 47. for.

.eoekles). However, there was liUle tendeney fo'r medium or high spatfalls of,the
. . . . " , " . ,

two speeles to oeeur together. I . .! . .

.'. '

The frequencies cif occurrenee cif low, medium arid high spatfaiis in relatio~ to
SSB iridices and to preeeding winter sea tempe'rature anorrialies are summarised
for 55 years of coekle rEkords (Figure 13) and for 63 years cf mussei datei (Figure
14). For each species, ilie data were analysed bya 3-way contingency table of
thei frequency cf different levels of SSB, tempereiture and recruitment. However,

.' " .... ., ' ".. ,",. . i· .... ;,

as the frequencies in several of the ceJls were smaJl, the analysis was repeated for
eacn 2-v.iay compeirison, Le. recruitrnent v. SSB. and recruitrnent v. temperature

. ' I

(Table 6). . i '. . :
I.
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(i) Cerastoderma edule
Low, or zero, cockle spatfalls eccurred in 55% of the years and appeared to be
related inversely to size of SSS; Recruitment appeared to be related to SSB,
though notto wintertemperature (Table e 6); However, the greater prevaience of
high spatfalls at low SSB than with high SSB did indicate seme association with
cold preceding winters. In such years, notably 1947~ 1955, 1963 and 1986,
previously high cockle stocks experienced great frost mortalitles, but the few
survivors generated iarge spatfalls.

(ii) Mytilus edulis
Unlike cockies, poor spatfalls in musseis were twice as frequent (43 : 20 years) as
medium and high spatfalls, and theywereequally prevalent (68%) whether SSB
was low (13 of 19 years) or mediur11/high (30/44).

Fig. i 2 shows the average pattern ofdispersal of larvae predicted by the
NORSWAP model, outside the wash, for the period April-June, based on a 20-day
pelagic phase. Dispersal of larvae, "escaping" from the Wash would appear to be
Iimited. Retention of larVae in the Wash might depend on an"nualwind force
variations. A problem appeared to be a lack of data on timing of the.larval phase
each year. For he Wash, possibilities of recruitment by larval immigration from the
small spawning populations to the north, appear to be at best restricted or
5poradic. Similar modelling for other Southern Bight estuaries in England and the
Netherlands indicate that larval exchanges between major stocks are unlikely.

4.6.4 Discussion and cenclusions

In theWash; the,influence of SSB aburidance ana winter temperature upon
spatfall sLiccess differs between cockles arid musseis. In coekles, spat abundance
apparently was related inversely to size of adult stock rather than t() winter
ternperature per se. Cold winters appear to enhance the likelihood of high spatfall
by removing most of the oider year-c1asses that would otherwise compete with
spat for space, food and öther resources.

In Wash rnussels, good spatfalls were less frequent thein those of cockles, and
tended to bei related positively to both mediurTllhigh SSB levels and to cold
winters. Interactions between mLissel spat and adults are known to be more
complex arid variable than in coekles; indeed, densitY dependerit effects carl be
diametrically opposite - as when adult musseis are outC()mpetea, smothered arid
killed by high densities of spat settling ()nto mature beds.

The direct effect of very cold wir'lt(~rs is rriecIiated in different ways in the two
species. The Mytjlus is more cold-hardy than Cerasfoderma, except when ice­
scouring is concerned.
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Fcr fisheries management purposes in the Uk;the larval modeliing results show
that the Thames and Wash stocks cf batn cockles arid musseis should be
regarded as discrete, self-sustaining manageme~t units.

4.6.5 References

By Maarten Rutn
Institute for Sea Research
Kiel, Gerrnany
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Research inta parental.stoCk, larv'al abundance. arid 5patfaii of
musseis in the German Wadden Sela

I
I
!
I
I

I

I
I
I

, .
Methods

. .
4.7.2

The project 1s part of an iritegrated multldisciplinaiy ecosystem researc'h program
funded by federal and state authorities. It was started in 1989 and ends at the
end cf ; 994. The project focuses on the population dyriarriics of, and fisherY for,
cockles arid musseis in the nationalpark area (Eibe estuar'Y to Danish border
Flgure 15). Tne final alm ls to develop fishery arid nature management measures.

I
I
I,
I

Each year, all intertidal and subtidal beds are interitarised a~d abundance,'ie~'gtn." '. ". ' '. , .... _ , '". .", .- - .' '. .'-
dlstnbutlon and condltlon of the musseis are measured. At mtervals of 2-3 weeks

I
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in summer and 4-6 weeks in winter, numbers cf musseI iarvae (> 150 Jirri) in the
slüface layer of ihe outer part of three maIn tidai inlets are sampled with a baby
bongo net ~nd counted. Prima& settlement is measured on natural substrate arid
on artificial collectors in the intertidal anä subtidal region. Condition ani::l gonai::l
development of miJssels are InveStigated on tw6 intertidal and ene subtidal bed.

in the laboratorY, the influence of nutrition and the ccintents of iricrganic seston
in the water on the larval development are investigated. It will oe tried to apply the
DNNRNA ratio methed to i::Ietermine the riutritional status of larvae iri the field in
the first days after prirriarY settlement. :

4.7.3 Results

The last extraordinadly strong recruitment in alt areas of ttle Schleswig-HolStein
Wadden Sea occurred after a sequence of three cold winters, in late summer
1987. lri ; 988 arid 1989, recruitment failed almost completely. In July 1990, an
extraordinarily strang recruitment occurred in the subtidal area after a very mild,
theugh stormy, winter foltowed bya moderate recruitment ori intertidal beds in
autuinn. ,In 1991, recn.iitment in the suotidal region was concentrated in May
arid in July. During spring and early summer, intertidal recruitment was more or
less continucius. In the autumn cif 1991, a rather strong recruitment occurred,
leading to recovery cf old arid formation cf new rrlussei beds. In ; 992"
recruitment begari in February ori the sub- and intertidal beds, but remairied
weak throtighout, the year~ This recruitment failtire coinCided with low

. phytoplankton levels during the -Iong and warm- summer, which were ascrioed
to low precipitaticin and river runoff during that pedod. .

. 4.7.4 Conclusions: .

From 'the cOrrlparison 6f the temporai arid spatial pattern of recruitment with
slmilar data from other parts of the Wadden Sea, the followirig coriclusions can be
i::Irawn: ' '

Recrultment is a regional phen6menon (note the strong recrtiitment in the Dütch
ws in 1992, compared toihe failure in Schleswig Holstein; in ; 990, it was quIte
theother way around). Cold winters nornially affectthe entire ws. .

Cold winters can be foltowed oy strong recruitment, but strong recruitment earl
also happen wi~hout preceding extreme winter conditions.

Although no calculations have been made yet, there seems to be rlO correfation
between larVal densities in tne wäterand spawning success. Recruitmerit seems
to be independent of parental stock size and spawning success. Predätiön on the
planktonic stages of Mytilus seems to be negligible in years with excellent
conditions for primary settlement.

. .
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The iimiting factors are unclear up to now. They iTiay vary froin caseto case.
Predati6ri can be the main limiting fador in SOlme situations, but lack cf facid or
lack of cidequate priinar)! or secoridatj settlement substrate can play the same
role. .', , ' j' ", .",'

1 "
i
I

4.8 A review cf literature on the iriflue'nce on recruitmerit success by
predation on spat' j

Per Sand Kristenseri
Institute for Fishery arid Marine Research
Charl6ttenlund
Demmark

I

. . '. I
4.8.1 review i'
Andre and Rosenberg (1991) suggested thai predation on settling iarVae is an
important mechariism invoked to explain inhibition of settiement byestablished

,adult suspension feeders <f=jgure 17) (Thorson., 1950, Woodiri, 1976). Field
observations arid laooratorY experiments (review in Young Be Chia, ,1987) suggest
thai a great potential exists for direct predatio1n oy adult suspensiOn feeders on

~.' _ " ;.: I • , 1

, setthng larvae. !
I '

On the other hand, Reise (1985) suggested that a high survival of juvenile cC>ckles
'could occur aue tO the aosence of surlace-feeding omnivores and small
epibenthic predators. Predator exclosure experiments (Reise, 1978, 1979, 1980),
laborator}' experiments (Jensen & Jensen, 1985) and stomach coritemts analysis
(Pihl &Rosenberg, 1984, Pihl, 1985) have show'; that a guild of mobile epibenthic
predators~ mainly juveniles of Öjrdrius n?aenas, Crangon 'crangofl and _
Pleuronedes platessa' prey heavily on newly settled larvae arid juveniles of
Cerast6derma edule (Figure 18). After streng winters, immigration of predators
to the stüdy area was delayed oy 1-2 monthsi(Pihl and RosEülberg, 1982). Thei
population dyriamics of CerStoderma edule arid Mya aienaria is to a large extent
controJled by the timing of the reproduction of these bivalves and their predators,
as was also pointed out by Beukema (i 992). l' .' .

I
I . ,

The encounter rate oetween seitling larvae knd suspension feeding berittlic
predators will vary with patch size (Peterson, 1982, Ertinan Be jumars, 1988) adult
density and movements of the larvae (BLittmann, 1987). In case of a rich spatFall,
recruitment success is little influenced by predaticin. Wheri spatfaJl is poor,
however, its success depends strongly on the aoundance, timing arid size of
.predators. !

!
4.8.2 Literature I

j
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Table 1. Percenlage of primary spal (smaller lhan 0.5 rnm sheillenglh) on spat colleclors at Thief and Toll Sands in June and
July 1986 and 1987. Number in brackeis ( ) is lhe mean number of spat per colleclor.

Site

Thief

Taft

June

7.7 (897)

10.9 (593)

1986

July

0.5 (3381)

70.6 (1298)

June

18.1 (312)

7.7 (501)

1987

July

4.1 (225)

0.3 (378)



lable 2. Data on Wash mussei spat collector catches in relation to spawnlng stock and spatfall indices, 1978-1989.

Spawning
stock
index

Peak monthly spat
catch on collectors
(n/0.5m)

Spatfall
index on
ground

Winter air temperature anomaly
(0C) at Skegness

Tofts Thief January February January+
February

1978 ** 61500 ** -0.2 -0.6 -0.4
1979 * 37000 ** -2.9 -2.0 -2.4
1980 * ** -0.5 +1.7 +0.6
1981 * * +0.8 -0.4 +0.2
1982 * 0 -0.1 +1.0 +0.4
1983 * 27000 27000 * +3.1 -1.0 +1.0
1984 * 950 1500 0 +0.1 0.0 0.0
1985 * 200 0 -4.0 -1.1 -2.5
1986 * 1200 3500 ** +0.1 -3.7 -1.8
1987 * 500 300 * -1.7 +0.2 -0.7
1988 ** 0 +1.7 +1.3 +1.5
1989 * 0 +2.3 +2.1 +2.2

Notes: 1. Mussei indices based on ESFJC/MAFF records of general abundance: 0 =nH,
* =low abundance, ** =moderate abundance, *** =high abundance.

2. Collector data: blanks =site not monitored.

3. The high catches of 1978, 1979, 1983 and 1986 comprised many primary stage plantigrades
(> 50% in 1983 and 1986).



A)

• B}

Table 3: Correlations between temperature and spat number (A) and correlation matrix
between cumulated temperatures. The choke of one period could be based on further
knowledge (B).

R
Cumulatcc! tcmper:tlttrc Correl:ttion with spat

over numher

Ocl. 2 l:tnv 3 - 0,88
feh. 3 M:tr 1 - 0,84

M:t)' 2 lUlle 1 -0,92

Oet.2 - lan.3 Feb. 3 - Mar. 1 May2 - lune 1

Oet. 2 - Jan. 3 1

Feb. 3 - Mar. 1 0,77 1

May2 -June 1 0,82 0,78 1

Table 4. Monlhly averages of temperature, rain and sunshine in May since 1979.

ANNEE TEMPERATURE PLUVlOMEIRIE Er."l"SOLEILLEMENT

1979 -1.4 + 118% -15%

1980 -1.1 -24% -22%

1981 - 0.8 + 164 % -44 %

1982 0 -33 % -i5%

1985 -0.8 + 111 % -10%

1987 -0.9 -51 % + 19%

1989 +4.0 -79% +4-1-%

1990 + 3.3 -37% 27%

1991 +2.0 +3% 0

1992 + 2.7 -52% +29%



Table S. The number of years in which cockle and musseI spatfalls of similar
magnitude coincided in the Wash during 1923-92.

MusseV LOW MEDIUM IDGH TOTALS
Cockle

Low 31 10 1 42 (62%)

Medium 13 3 1 17 (25%)

High 3 3 3 9 (13%)

--- Totals 47 16 5 68
(69%) (24%) (7%)

Table 6. A 2-way contingency table analysis of the effect of spawning stock biomass
(SSB) and preceding winter sea temperature upon recruitment in Wash
cockles and musseIs

Recruitment
low medium high

Cockles SSB low 8 6 8
medium 22' 9 2 X2=9.04*- + high

Temp warm 10 3 4
normal 12 7 1
cold 8 5 5 X2=5.30~S

Mussels SSB low 13 5 1
medium 30 9 5 X2:0.78ns
+high

Temp wann 19 2 0
nonnal 15 5 3
cold 9 7 '"'I X2=11.2*~

Footnote: The 3 sea temperarure bands correspond to anomalies from long-tenn means as
folIows:
warm = >O.5°C positive anomaly,
cold = exceeding -O.SOC negative anomaly,
normal = within ± O.5°C of mean.
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Figure 5. Mytilus galloprovincialis . Monthly catches of primary « 0.5 mm) and
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Home, Ria de Vigo. during 1991-1992.
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Figure 13. Frequency ofdilferenl magniludes of coelde spalfalls in lhe Wash for 55 years belween 1920 and 1990, expressed in
relalion 10 (a) spawning stock (SSB) size, and (b) winter sea temperalure anomalies in January-February. (Spatlall
indices: O/L= zero or low; M=medium; H=/ligh).
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Figure 14.
Frequency 01 diflerent mngnitudes 01 mussei spalfalls in Ille Wasll for 63 years between 1920 and 1990, expressed in
relalion 10 (a) spawning sloc!< (SSB) size, (lnd (b) winter sea temperalure anolllalies in January-February.
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Figure 17: Mean densities (± SE) of newly settJed bivalves in experimental plots with 0,
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the probabilityfor no difference among treatments (from: Andre &
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" Crangon' crangon. Body size in relation 10 size (mea~
and S. E.) of 4 dominant lood items: Nereis spp. (4). l'-fya
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Figure 18:
, .

Crangon crang,?n. Body size in relation to size (mean and S.E.) of 4
dominant focr items. (From: Pihl & RosEmberg, 1984).


