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INTRODUCTION.

¥ithin ICES interest in sultisrecies assessaent has been aroused erimarily by ANDERSEN & URSIK (1977) in
develoring theip North Sea ecosystes model 8s an extension of the BEVERTON & HOLT (1957) theors of exeloited fish
population dunamics, Essentially the modelisaintains 2 mass balances which results in a redistribution of the
available food through competition and prefation whenever chandes in the cossercial fish fauna take place due to
exploitation. f

The madel has been run in various versions for specific purposes (e.d. ANDERSEN & URSINs 1978i URSIN § ANDERSENs
1978); but the eain cenclusion has been th%t, after the collarse of the North Sea herrind and mackerel stocks as a3

conseauence of overexeloitations rerartitigning of the zoorlankton food rescurce asond the other comsponents could
have supported the observed increased abunddnce of demersal and industrial fish species. Clearlys the virtue of 3
podel of thal level of cosplexitys which ifcludes a larde nusber of hardly testable assuartionss lies less in the
actual proof that the real world behaves like the sodel sustea and that the natural processes are reslistically
described than in the observation that certdin trends can be aimicked on the basis of our intedrated knowledde
about fish stocks. |

Fros a different startind points an analysis of the consusetion and production of the North Sea cod stock (DAAN:
1973; 1975) showed that this predator seecies consused considerable nusbers of recruits of other comsercially
inrortant species as well as of its own offgprinds the implication beind that manadind the cod stock on the basis
of ortieizind yield per recruit aight re ult in unwanted effects on other fish stocks. SPARRE (1979) further
evaluated the inconsistencies from sindle srecies assessaent if natural sortality rates are keet constant over wide
randes of exeloitation levels.,

Despite the available evidence that intefsrecific relations between stocks should not be isnored in stock
assessaents it has not vet been rossible to preak through the tradition of sindle species assessment. & main reason
for this is that the ANDERSEN 8 URSIN (1977) sodel cannot be used reliably in s euantitative sense to prepare
advice on fish stock manadesents because ih practice many of the underlving assusetions have reeained untestable
and also many paraseter values have to be dupssed. Since various cosponents of the sodel are not strictly relevant
in reseect of fish stock assesssents several authors have tried to develor simpler multispecies assesseent aodelss
uhich only reflect the essential interactions (POPE»1979i HELGASON 8 GISLASON» 19797 SPARREs 1980). The essentially
siailar approach adorted by these authors wals to develor aldorithas for the simultaneous solution of VPA’s for more
than one fish stocks the isrortant feature beind that natural mortelity is at least partially eodulated by inter-
and intraspecific predation smond the seecies included in the data set, The maJjor differences between the various
arproaches gare related to how predation Jis foraulated and hou ‘other food‘s that is the food resource not
explicitly defined by the species to be incli in aultispecies virtual porulation snalusis (MSVPA)s» is treated.
Arearentlys the theory . had advanced to 3 stade where seecies interaction could be effectively incoreorated in
routine fish stock assessment. Howevers beflore beind applicable the HSVPA reavires reliable inforeation on food
cosrosition of and consuartion by the differ¢nt species by ade srours. Despite the lond tradition of food researchs
the ture of data reauired for the specific surpose of testind the underlyind assusptions of these models and for
estisating actual raraseter values appeared fo be not senerally available.

With the prodress in the theoretical field this lack of basic information was identified as the prisary
inredinent to eractical application and in 1980 an ad hoc Workind Groue on Wultispecies Assessment Hodel Testing
was convened in Corenhaden (ANONYNUS»1980) i order to identify the kind of inforsation most urdently reauired for
testind the assuartions and to desisn ad internationsl saerlind schese to obtain this information. This has
resulted in an international Stomach Sasplind ProJect beind carried out in 1981 under the auspices of ICES.
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This rarer presents an overview of the various aspects of the prodect. Althoush it is still too early to present
3 coerlete account of the resultss it is tantalizind to look into the future on the basis of prelieinary results

available sofar,

2, THE STOMACH SAMPLING PROJECT 1981

2.1,

Aims

The rprimary aie of the project is to provide the essential inecut data for NSVPAs which cen be summarized

35

1. an annual estimate for 3 reference year of food composition by prey species and ade droup thereof for

each predator ade droup;

2, an averade annual rate of food intake for each predator ade droue,
Dbviously only species included in the exploited species comrlex» both in reseect of prey and predator) are of
ultimate interest for the exersizes but since the various models assume preference functions the prey should
be investidated in rather dreater detail in order to be shle to test the various assusptions. Generallys
preference can be split into two aspects (ANDERSEN % URSIN»1977)% an ecolodical vulnerability of a prey species
for the predator and & size suitability of an ordanise as rrey for 3 predator, In other words a3 particular
species say be more or less vulnerable derendind on its way of life in relation to the hahits of the epredator
and therefore may more or less freauently occur in rredator stosachs, Within 3 species characterized by 3
specific ecolodical vulnerability the various specisens B3y be more or less suited 3s food for 3 predator
depending on their relative sizes (URSINy1973). Since size preference models can be readily tested on the hasis
of stomach content data if size spectra of prey are recorded (URSINs 19735 - ANDERSENs 19825 ARNTZ & URSIN,
19813sb)s this asrect forased an important feature of the prodect,

Food coerosition and food intake are known to vary considerably from one 2rea to anothers fror season to
season and 3lso individually, In HSVPA one dezls with annual populations and it is essential that estimates of
averade food comaposition represent the total annual rpopulation. This could be achieved by rlannind surveys in
each auarter and to take into account in the analysis both seatial and seasonal distribution of the srecies
saarled,

In takind stomach sasrles at sea he ade of the fish saarled cannot be taken into account dircetly, In view
of the fact that rer predator species an estimated 8000 stomachs were reauired in order to obtain reliable
porulation estimatesy it appeared impractical to store and analyse all stomachs individually and therefore
it was decided to drour stomachs from individual hauls by predefined predator size classesy which at 3 later
stade in the analysis could be translated into ade drours by appropriate otolith samrlind, Since weidhts and
nuabers of prey were reauired by species size classesy the analysis could he accelerated considerably by
workind up droured samples instead of individual stomachs within a sasple. The resultind loss in inforeation on
individual variation was considered to be nore than compensated by the larder number of samples that could be
processed,

Stosach content analysis uields direct inforastion on food cosrosition and averade weight of food in 3
stosach, The latter parameter should be somae function of food intakes but the consuartion rate connot be
estimated without inderendent information on didestion rates, Althoush the need has been stressed for more
information on didestion rates of natural food particles (e.d, ANONYHUS, 1980)s the coordination of the
experipental work involved fell bevond the score of this prodect.

The five predator species <celected for stomach investidations (CODs WHITINGy SAITHE, MACKEREL and HADROCK)
represented the most important fish consumers amond the eleven exploited species -whichs on the basis of the
availability of detailed catch datas nidht ultimately be incorrorated in sultispecies assessment (CODs HADDOCK,
WHITINGs SAITHE, PLAICE, SOLE,» HERRINGs MACKEREL, NORWAY FOUT» SFRATs SANDEELS),

The Stosach Sasplindg Froject rlanned for 1981 reauired extensive samplind durind each auarter over 2 wide
area ands since a limited amount of recearch vescel time could be allocated specifically to thic prodecty
sasPlind was associated as far as possible with rcutine surveys rprodrammed by the various countries. The
available additional effort was used to fill daps in the coverzde and in some instances sampling has teen
extended on board of comsercial vessels. Nine countries (RELGIUN» [DIENMARK, ENGLAND» FRANCE, FEDERAL REFURLIC
OF GERMANY, THE NETHERLANDS, NORWAYs SCOTLANI, USSR) rarticirated in sampling at sea.

The basic stratus for stomach saerlind was defined as the statistical rectandle and up to 10 stomachs rer
size class (25 for less abundant size classes whenever possible) were collected from each haul for each of the
five predator srecies studied, Seecimens in the size rande below 10 cm were denerally excluded, Fer rectandle
samples froe individual hauls were combined and the averade number per size class causht was rerorted with the
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For the total prodect 2 coordinator was dssidned to ensure that saeelind and recording by individual
countries followed the same procedures and Yo take care of the lodistics involved in 3 speedy exchande of the
sagples collected. The analusis of the samples was centralized in so far that for each species a coordinator

was assidned in order to obtain cosplete homodeneity at least within seecies. In a Joint meeting the.
coordinators defined the deneral rules of pracedure in sameling and analysis which have been laid down in

3 proJect sanual (ANONYNUSs 1981).

Fid § presents a flow chart of the operatio&s necessary to achieve the final aie of sultispecies assessment
and sose less immediate obJectives are also (indicated, The prodect proper deals only with the box in the top
lefthand corners because these actions reflect the phase of responsibilty of each of the species coordinators.

The results should be made available to 8 brd

ader scientific comsunity before the stomach content data can be

translated into estimates of consusptions which would ultimately enter the HSUPA,
81thoudh stosach samplind has been restricted to the five species mentioneds lendth cospositions of the
catches and otolith samples by ares of all ii Fpecies to be incorporated in the NSVUPA were reauested in order

to allow transforaation fros the prey size cla

In saerlind stomachs at sea the probleass of
pres within the codend dot seecial attention
feedind (ANONYHUS, 1981).

In exchanding the sasples care was taken tha
to be sade to facilitate redistribution of the
species coordinators. The essential forsat fo
in fig 2. Coding of prey followed essentially
extended to cover all North Sea species as the

The size classes distinduished followed arpr

sses encountered in stomachs to ade distributions of prey.
redurditation due to the catchind process and of fish swallowind
in order to avoid bias in the eprorortion of fish estimasted to be

. each sasple was prorerly labelled. Extensive arrandeaents had
sasples collected by the various countries among the responsible
¢ recording saeele information and stoaach content data is diven
the 10-didit NORC sustea (NODAAs 1978)s which has been dradually
y yere identified in stomachs.

nxisately an exponentially incressing scale (table I). The sase

classification was apelied to both predators aTd PreY,

Since different dears have been used durind

the various national surveuss there have been some difficulties

in cosparing catch ratesy which were reauired for weighting sasples accordind to the satial distribution of
the predator. However; any resultant error was considered to be small enough not to affect the results too

drapatically in view of the rather hidh dedree

of variation inherent to stomach content data,

The statistical rectandle presented the primary stratua for further snalusis of the stomach contents. In

2ddition the standard roundfish areas were def
to ade drours,

ned as 3 secondary stratus for transforeation from size clesses

Since the coordinators were distributed amond various countries the primary datz have been stored within

national cosputer sustems for prisary analysis
cory at ICES headauarters at a later stade

but it is intended to exchande the coarlete data base and put 2

d

Prelierinary details on the tesporal and sratisl intensity of sasrling have been zre diven in ANONYHUS (1982).
Urdated inforsation based on DAAN (1983)s HISLOP et al (1983) and MEHL & WESTGARD (1983) is summarized here to
dive 3 dlobal indication of the saarlind intensity achieved,

Table II provides the nusbers of stomachs collected by speciess size class and euarter and in fid I totsls

over the vear by species by statistical recta
been included in fid 3d. Haddock dats were not

le 2re diven. In case of amackerels saaples taken in 1982 have
svailable,

The tardet of 1500 stomachs per auarters which had been considered as the minisum required for a2 reliable

estisate of food composition (ANONYMUSs 1980},

has been exceeded for cod and whitind andyalthoush final fidures

are not wet availables this probably applies to haddock as well, For mackerel and saithe the nusber collected
has resained well below the tardet in all auarters. Survey dears used appear to have been hidhly inadeauste for
catching mackerelsy whereas the main distribution of saithe is restricted to the border of the continental shelf

and sasplingd of this species has suffered from

ack of attention to these areas. In order to make up for these

sarrlind deficiencies. countries have been asked|to continue sameling for these species. In 1982 an additionsl
1848 mackerel stomachs have thus been collected|(MEHL & WESTGARDs 1983).

The distribution of stomachs by size class indicates that saseling for cod and whiting has been poor for the
lardest size classy whereas there is an almost |corrlete lack of inforeation on small saithe and mackerel. All
these saspling deficiencies result froe the difficulty of catchingd sufficient numbers of these srecies and
sizes in deneral purpose trawling surveys and the sampling probless could only have been resolved by desidning
specific seaplind prodrasmes dedicated to these [fish. .

Froa the spatial distribution of the stomachs |collected for cod and vhitipg (fid 3}y it can be concluded that
on an annual basis the entire North Sea has been effectively covered by the surveys. Within individual auarters
some daps can be observed (ANONYHUS, 19827 HISLOP et als 1983}y but there arrear to have been no systematic

saarlind errors on an ares basis, Of the 3674

ackerel stomachs saepled in 1981 and 1982y 2056 were collected

during the third euarter and only 81 stea froa the first ouar@ef: the reazinder being almost eauelly selit
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2:4,1,

Selected results

Recause of the rather variable samplind intensities amond the various species reauirind different approaches

in the analusis and because the primary analusis of the sasples for the different species had proceeded 3t
rather different speedss the drour of coordinators decided (ANONYNUS;1982) to subeit individual species reports
L0 the forthcoeind Council Meetind in Gothenburd and that an intedrated analusis of 311 species chould be
delaved to a later stade. For the purrose of this overview 1 have had access to some of these forthcoming
rerortss dbut ay account cannot dive full credit to all seecies.

Since the main emphasis of the prodect lies on exploited fish species eatind exploited fish speciess the

results presented here are mainly restricted to this torics but some information is added on the analusis of
size preference because of its bearind on the various MSVPA models.

Consuertion of exrploited fish species by exrloited fish species.

CGCDh.

A full account of the sumaarized data presented here and of the estisation procedures involved can be found
in DAAN (1983), ' ,

Tables 1II-A/R provide suemary tables of the results of the stomach analusis by size class of cod by
auarter of the wear, General inforeation is provided at the tor of the tables and food compositions are diven
in weight percentades by mador taxa and for the various comsercially important species individually, In
ohtainind these estimates of averade stomach contents for the total North Sea porulations the samples froa
individual rectansles have been weidhted by the estimated abundance bty size cless according to the catch
rates, Howevers since trawl catches are rather variables the sauare root of N per hour has been arplied as 3
weidhting factor rather than the actual N rer hour in order not to put too much weight on accidentally hich
catches,

The considerahle differences in food coerosition between auarters prohably reflect to a larde extent
chandes in the availshility of the various prey, Still some consistent patterns are revealeds more than 801
of the total food consisted of crustaceans and fish in all size drours and auarters and there is 3 clear
increasind contribution of fish prey with predator size and a correspondind decrease in the crustaceans, Also
it ic quite evident thats even if the actual coerosition of the fish prey chandes over the vears a very hidh
proportion consists of cosmercially important species in all seasons,

The seaonal stomach content data by size class of predator have been transforsed in estisates by ade droup
by appluind aepropriate ade size keys, The auarterly food compositions by ade drour have been averaded in
table IV to provide 3 mean weidht percentade of food for the 11 MSUPA species. Only saithe has not been
observed in cod stomachs and the total exeloited seecies complex contributes to the food of cod froa 307 in
I-droup to approxisately 507 in adult cod, The contribution of haddock and whiting is particularly worth
notinds but except for the flatfish speciess saithe and mackerel 3ll srecies have been found in sidnificant
asounts, )

For the three major dadoid species in the North Sea (cods haddock and whiting) the averade number of
specisens present per stomach by prey size drour have been further analysed by appluind appropriate ade size
keuss which yields an array of ade droups of prey versus ade drour of predator (table V ). Aeearentlys the
predation of North Sea cod is mainly directed towards I-droup fishs but it should be observed thst O-drour
fish have only been found durind the second half of the uear and thus yield reduced values on 3 total uear
average, MHith increasing ade of prey their numbers rapidly dininish althoush predation mortalities will
affect even adult haddock and whitind., Up to 3 wear old cod say suffer from cannibalism,

Table V represents in fact the final stade of analsuis of the data collected durind the Stosach Sampling
Project and if one wishes to proceed with estimatind consusption rates one has to rely upon additional
information. Rased on 3 model presented earlier (DAANs 1973)y in which didestion rate is assumed to be 2
function of size of prey ands because prey size is 3 function of predator size (URSINs 19737 DAAN, 1973i
DEKKERs '1983)s thus of predator sizes some preliminary estimates have been sade of the nusber of these rrey
species by ade drour consused by the averade cod stock in 1981 accordind to VPA estimates (table VI i for
details see DAAN) 1983), These numbers have been cospared with the VPA estimates of numbers of each ade
droup in the sea according to the assesssents of the North Sea Roundfish Working Grour (ANONYHUS, 1983a),

All these 3ssessaents are based on the assumption of constant natural mortality (M = ,2) for 3ll ade
drours, This exersize shows thatsif the assessments were corrects the cod stock would have eaten sore I-droup
fish of a1l three species than there were in the sea at the bedinning of 1981, Thus a severe inconsistency is
ohserveds which could only be resolved by a considerable increase in the natural mortality in the younder ade
droups, Alternativelys a very auch higher exeloitation rate on the cod stocks resulting in ssaller stock
sizes and correspondindly lower consuaption fiduress might reduce the discrepancy.

The auantitative implications of cod epredation on other exrloited fish species has not wel been
investidated,




Arart from this main line of ansluysis vari
collected. As an exasrle the estimated redres
lendth of cod for various data sets are provid
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ous other interestind results can be derived froa the data
sions of total weidht of the stomach contents adainst smean
od in table VII, Despite considerable differences in spatial

coverade of the North Seas the differences betueen years are not statistically sidnificant. Assueind that the

model w =phi » L3 (DAANs 1973) fits all s
very similar indeeds which suddests that in cod

WHITING
A coeprehensive account of the whitind result
3l (1983) and the authors’ permission to use th

etss the resultant values for the feeding coefficient phi are
total food intake is rather constant from wear to vear.

s of the Stomach Saeplind ProJect has been diven by HISLOP et
ir information for this review is dratefully acknowledded.

fis in cods there is adain considersble variation if food composition by seasons and areass but for details
reference is made to the oridinal parer. Howeveps even more so as the cod the whitind arpears to rerresent an
2lmost exclusive fish feeder, From 3J4%Z of the food by weidht in O-droupr to 857 in adult whitind constitutes
of fishs the maJjor prorortion of which is accounted for by the eleven exploited species (table VIID),
rarticularly dadoidse clurecids and sandeels.

The methods of calculation applied by HISLOP| et a3l (1983) in estimatingd averade food coaposition and food
intake of whitind are slightly different froa those applied for cods but ecsentially the ssee didestion sodel
(DAANs  1973) has been applieds be it that didestion rate has been taken as 2 constant throudhout the size
rande on the basis of experirental evidence, The authors ardue that in comparison with other existing models
the arproach followed here uields conservative|estinates of food consumption.

Estimated nurbers by ade drour of exploited fish species consumed by each ade drour of whitind are diven in
table IX. Clearlys in nusbers consumed the |0-drour of the various prey species forss by far the most
isrortant coaronent of the food of whitind, (I should be noted that this table cannot be cospared directly
with the cod table Vs because the latter dives the averade number present per 1000 stomachs at any point in
tire whereas the former dives the nusher consused annually per 1000 whitind.)

. In table X the nusbers consumed auarterly by|the whitind porulation have been estimated for six species on

the basis of the recent whitind assessaent (ANO
the year, The consumption by 0-drour whitind
that only larder fish in this ade drour ( >=1
pretend to yield 3 reliable estimate of 0-drour
In table XI the annual consusption figures
roundfish species a very similar picture arise
whitind consueed by the whitind stock are in t
at the bedinnind of 1981, Cosbinind predation
sortality on I-drour fish would be in the order
and also I-drour cod are consumed in rather lo

YHUSs 1983)s assuming that fishery mortality is constant over
has been excludeds because of possible bias due to the fact
0 ca ) have been sasrled and because the assesszents do not
ahundance anyway. .

sre corpared with stock size estinmates from VPA. For the three
: as for cod (table VII). The nueber of I-drour haddock and
he sase order of madnitude as the estisated number in the ses
rates by cod and whiting yields the ispression that natural
of at least 1,0 rather than 0.2, Older haddock and whiting
er auantities by the whiting stock than by the cod stock. On

the other hand the estimated ispact of whitind on O-droup fish is two times hisher than for cod.

The fidures for herrind indicate that 2)so for this species the natural sortality coefficient applied in
routine stock sssessment ( 0,17 ANONYMUSs 1983b) is inconsistent with the estimated predation rates by the
whitind stock. For Norway pout and sprat rather higher natursl mortality rates are applied ( 1,0 and 1.1
respectivelus ANONYHUSs 1983c). The eredation mortality by whitind on I-drour Korway pout of 201 remains well

below the total natural sortality of 637 ass

SAITHE

Table XII rpresents information on the wei
according to the prelirinary data rresented in
1981y samrles collected in 1980 and 1982 have
of the total foods the latter becomind increasi
rrorortion of the fish is accounted for by ey
Norway pout in larder saithe.

The results on fish consuaption by saithe pres
incorporation in this review,

MACKEREL

eds but for sprat there would be no roos for other predators,

dht percentade coeposition of the stomach contents of saithe
ANONYHUS (1982), In view of the lisited amount of samrlind in
een included, Euphausids and fish account for sore than 951
ndly psore important with increasing eredator size. A high
ploited seeciess rarticularly sandeels in small saithe and

ented by GISLASON (1983) did not become available in time for

MEHL T WESTGARD (1983) report extensively on the results of the stomach analyses for sackerel and the

authors’ peraission to use their results in this

review is dratefully acknowledded,

n
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The situation with the eackerel sasples is rather different fros the one for cod and whitind in that the
surveys not only wielded a lieited nueber of stosachs but also inadequate data about the distribution of the
packerel over the MNorth Sea to use directly in estimating food cosposition of the stock. Thus sameling has
been extended to cover commercial catches taken by different dears and also samrlind has continued in 1982,
The analysis presented here is based on the averade of the two years, Instead of weidhtind the samples by the
catch rate in the corresponding rectandles the authors have chosen to divide the North Sea in a small nusber
of redionss where consumrtion is supposed to be more or less hosodeneouss and to calculate unweighted means
for each. of these areas and for each guarter.. '

Table XIII provides inforeation on the averade amount of food present by areas auarter and size class,There
is 3 clear seasonal trends high values beind reached in sering after extremely low winter values. Althoush
samplingd in the first auarter has been rather lisiteds these data suddest that food intake during this tiee
of year is nedlidible, Arparently the food intake varies also considerably by area and the picture is further
coerlicated by the fact that sasples taken fros peladic dears vielded rather different results from bottoe
trawl catches. In the absence of detailed inforeation on horizontal and vertical distribution of the mackerel
stocks it has not been possible to provide 3 straightforuard estimate of the averade food composition for the
total porulation and the data presented in table XIVs based on an unweishted total North Ses averade for
1981y can only dive 3 roush indication of the relative contribution of the various components,

Stills HEHL & WESTGARD (1983) have made a tentative assessment of the spatial distribution of the stock
and» on the basis of detailed inforaation on the food composition by area and auarter and of an exronentisl
didestion model involving ambient temeeraturess they have estimated the total consuertion in 1981 for
selected prey catedories (tahle XV). Norway pout and sandeels account each for approxisately 107 of the total
food in weidhts whereas other exploited fish species aprear to be insidnificant, According to the prey size
distribution (fish predominantly <10 ce) eackerel consuertion would mainly affect 0-drour fish and to 3 such
lesser extent I-droups which would show up even more strondly when prey biomasses are transformred to numbers
of rrey comsused.

The authors stress that their estimates are very preliminarys because of 3 larde nusber of uncertainties in
their estimation procedure and it would seea premature to extend this analysis any further at this stage.

HADDROCK
Data on haddock have not uet become availab)e,

Size rreference,

species, Althoush the deneral trend of increasind size of rprey with increasind size of predator is obvious for
31l speciesy the results arpear to vary considerably with prey ture, This need not roint to a difference in
size preferences but may be entirely due to differences in the availability of rprey sizes, Recause the prey
size distribution in stomachs is a function of both the preference of the predator and the relative abundance
of the various prey sizes in the environsents the preferred size can not be detersined without making soge
assusption about the abundance..

ANDERSEN (1982) has proposed 3 model which allows the preference function to be estisated fros stomach
content data (ARNTZ 2 URSINs 1981ash)s eakind soee deneral assumption about -the nature of the size distribution
of prey in the sea but allowind its parameters to be estimated from the total set of stomach content data,
DEKKER (1983) has investidated the various problees in usind this model on real data exesrlified by the cod
data set and sose of his findinds are reported here. )

Firstlyy some severe limitations of the data bhase becase arparents because the modely and size preference in
deneral (URSINs 1973)s is based on relative prey to predator weidhtss whereas the information rerorted froa
the stomach analusis refers to size classes based on soee measure of lendth. Since drowth is denerally
isometric any peasure of lendth 1is probahly an adeauate index of weidht within speciess but problems arise
when different species are combined, In that case the ’‘condition factors’s that is the parameter defining
the averade length weight relationshirs become essential pieces of inforaation, At present these are not
readily available for a madority of the prey seecies.

Fid & shows as an exasple the relationshie hetween the ohserved prey lendth in stomachs and predator lendth
and the estimated preference function for fish prey only, It should be noted thel 1in-calculating the latter
the larder size classes det more weights because they eat more fish. Apparently the fich found in stomachs are
in fact larder than the preferred sizes which suddests that seall fish are less available to the cod stock
than the larder sizes, Stilly the deneral validity of a linear arproximation of the size ereference function
is clearly illustrated.
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" various ordanisms. This would in fact not

In table XVI the estimated parameter valy
reproduced from DEKKER (1983), It can be se
value for cod)s the estimated preferred lod
standard deviation sidma of the lod weight 1
the rande of values is narrowed down considef
but the c-values (rerresenting the coefficig
different for invertebrates and fish. It may
(cf fig 4)y in which case the basic assusptid

In the table also estimates of the conditi
preferred lod weight ratio of all prey cateda
estieated condition factors are in 2 nuaber @
auite bevond the possible rande, It sust be

-7 -

es obtained by arpluind the model to selected prey catedories are
en that if the condition factor is assumed to be .01 (the averade
weidht ratio eta is rather variable. This is also true for the
atio distributions althoush if ipaccurate estimates are excluded
ably, Only for 3l] prey cosbined 3 hidh value for sidea is founds
nt of the nedative exponential function of prey nuaber) are very
well be that the cosbined prey size distribution would be bimodal
n of lod noreality of the distribution function is not fulfilled.
on factors are rerorteds which would be reauired to adiust the
ries to the value estinated for cod eatind cods Apparentlys these
f cases where information is avsilahle (e.d, Norway routswhiting)
concluded that preferred prey size may not be constant among

een unlikelys because for instance the selection mechanise for

slowly movind animals (e.d, Aphrodite) should be different fros the one for swimmind ordanisass of which
swismind speed itselfs and thus possible esqare from the predators is 3 function of size.

It should be noted that in appluind the model freauently situations occur where no mathematical solution can
be found for various reasons (e.d, outluind data roimtsy data set limitations)s A particular probles nay

result froa the width of the size classes di

stinduished. If the real standard deviation of the preferred lod

weidht ratio would be smaller than the lod of the weidght class widths characterizind 2 highly size selective

predators this might result in instability of

the analuses. Horeovery since the estimated sidma’s vary around

2 value of 1.0 whereas the averade lod of the| weidht class width is .86s the values diven in table XX might be

hiasseds because the size class definition

sets an underlimit to the estimated values of sidea (DEKKER,

personal comsunication). To solve this problen the prey and predator size classes should be further refined,

Another approach followed by DEKKER (1983)

has heen to estimate prey size preference parameters for 2

specific prey catedory (cod eatind Gadidae) froe various subsets of the total data base in order to study
variation due to vearss seasons and areas (tghle XVII), Adain it was not possible to arrive at 2 solution in

311 cases. Cospared to the variation in ets
prey catedory due to spatial and seasonal
estinated relative prey lendth distributions
auarters, Althoush the difference is esti
in preference is probably saall enoush to be

For further details the reader is referred f
extent such analyses to other predator species
are envisaded because of the reduced nusber o

and sidna observed between various preys the variation within a
effects appears to be relatively small, Fid & compares the
s preferred by cod and as found in stosachs for two different
nated to be statistically sidnificanty the absolute difference
ronsidered nedlidible for any practical applications.

o the oridinal paper (DEKKER, 1983), It would be worthwhile to
s althoush even more difficulties with the estimations procedure
» predator size classes available,

THE FOLLOW UFP
Accordingd to the time schedule planned it was h

ped that the dats could be worked ur by Nay 1982y but this has

proved to have heen far too ortimistic, Frodress reports with preliminary results have been submitted to ICES in

1981 and 1982 (DAANs 19815 ANONYHUS;1982) and

nly in {983 coeprehensive species reports have becose available

(DAAN; 19835 DEKKER, 1983; GISLASONs1983i HISLOP et 21,1983; HEHL & MESTGARDs 1983), Primary analusis and computer
processind have taken much more tise than oridinally envisaded.

One conclusion that can be drawn fros the preliminary results rresented here is that the consusption by at least
sope of the srecies studieds particularly cod and whitinds adds a sidnificant mortality factor to the wounder ade
drours of a variety of species amond the exploited species complex and that maJjor chandes in the estimated natural
gortality rate in these ade drours 3s coapared to the traditional values used in sindle species assessaent aust be

envisaded. Since the predator stocks as well as ¢
exersized will vary correspondindly.

prey stocks vary from vear to vears the predstion mortalities

Firstlys this can be exrected to severely reduce the usefullpess of the yield rer recruit concert. Clearlys

eredation affects mainly yound fish and assesseents of the adult stocks may hardly be affected. Howevers in divind
advice on total allowshle catches it still is 3 deneral rule in ICES that these are based on wield per recruit

considerations, Since recruitment is taken at ade

s this seans that the wield rer recruit is affected by at least

one vear of high and variable natural mortality dependind on the predator stocks that happen to be around. Since
the effect of the predator stocks on the verious prey stocks will be differents it will be virtually ispossible

to control predation mortality in individual prey

speciesy and thus vield per recruity by appropriate aanadesent

of the predator stocks. Therefores it seems unlikely thats if multispecies assessment is to be denerally accerteds

vield per recruit considerations in the traditional sense will continue form a sound basis for the advice on fish
stock manadesent. New criteria have to be found faor sanadind the total fish stock assesblade.
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Secondlys the estimated impact of discarding of small fish by huean consusption fleets and the effect of
industrial fisheries exploitingd Juveniles of husan consueption species as by-calch will necessarily becose reduced
cospared to former assesseents for various speciess if the hisher natural eortalities are imrlesented, In the
North Seas where industrial fisheries account for a3 mador part of the totsl fish landindss this will strondly
affect any further develorment in manadesent stratedies, .

Thirdlys 3n analusis durind 3 recent seetind on estimated year class strendth froa research vessel surveys
(ANONYMUSs 1983d) revealed that recruitment indices froe various inderendent surveys were consistently more hidnly
‘correlated than any of these survey indices with VPA estieates of recruiteent. This would seem. to imply that
research vessel surveys dive an adeauate seasure of the nusber of yound fish in the seas whereas the traditional
UPA doesnts at least for the uyounder ade droups, The incorroration of variable predation mortalities in the MSVPA
pight well result in s better alidnment of the survew indices and the estimated recruitament values, At present
this is still wishful thinking but any isprovement in the correlations obtained midht be interrreted as 3
validation of the MSUPA, .

Fros these considerations it appears to be a matter of dreat urdency to proceed with trial runs of the HSVPAs
the essential data now beind availables and to study the intedrated impact of the estimated consumption rates on
the ropulation dunasics of the various fish stocks. Also new manadesent obJdectives have to be found and it is sy
rersonal conviction that the biolody is not doind to dive us adeguate answers. Hore than before it will derend
lardely on the economists to find the doal function of fisheries.

The Stomach Sseplind Project uielding its final resultsy one may wonder if 3ll essential auestions have been
adeauately resolved by this unieue exersize. The prodect has been concerned with obtainind a reliable estimate of
food cosposition for Just one reference wvear (1981) and this will allow tunind of the predation rate in that
vear to the estimated stock sizes within the MSVPA. Howevers the relative rreference has to be assumed constant in
order to allow extrapolation to other wearss where other predator/prey addredates prevail, The only way of testind
that ereference does not chande is to rereat the exersize once more. The decision on a follow-up will dreatly
derend on the balance of the costs and of value of the results. The prodect has undoubtedly been expensive but
even so it represents only a minor entry in the total costs of providind the best possible advice on North Sea
?ish stock assessaent., It appears to me thats if measured by the prodress that can now be eade in providing better
advices the exersize has certainly been cost effective and 3 follow up would seem appropriate.
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Flow chart of operations necessary to achieve the aim of usind stomach
content data as inrut for multispecins assessment.
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Format for recordind samrle information and stomach content data (..., ¢
mandatory computer inputsy ----- ¢ optional information).

ICES STOMACH SAMPLING PROJECT -

A. samrle information

FREDATOR CORE  cscovevones Shis
SIZE CODE sene Mate
YEAR sevs Haul
QUARTER o Tise
COUNTRY seee ’ Derth
SQUARE veae

N-food vee

N-resurditated vo

N-empty oo

N-samprle eee

\

R. stomach contents

Taxowaic wit | FREY CODE | SIZE CODE | WEIGHT(g2)1 NUMEER | Additionsl inforsation
I | O T TG -

N | I veenos 1 veones | mmmmmmcmcceeeeeee
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F i« 4

Prey size distribution by predator size in ndmber rercentades for
(C) and

COD (A) and in weidht percentadges for WHITING (E)s SAITHE
MACKEREL (D).
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F it e S

Observed mean prey lendth (thin line) eplus/minus standard deviations
(dotted vertical lines) in stomachs ad43inst epredator lendgth and the
estimated preference function for the whole predator cize rande
(thick line) with standard deviations (hcavy dotted lines ) for ‘COD
EATING GADIDAE'., '

GADUS MORHUA EATING FISH

o found and estimated preferred prey lengths
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TABLE I ‘ .
Definition of size cless codesr spplwind to both predator end prew.

| SIZE CLASS CODE 1| SIZE CLASS CODE | SIZE CLASS .COBE |
! 0445 o | | ]
] 1.0- 1,50 1] 1.0- 1,5ce 10 1 10- 15co 100 1
| 1.5- 2.0 se 1.5 1f 1.5- 2.0¢ce 151 15- Q¢ 1% |
| 2.0 - 230 2 1 20- 25¢e 201 20- Boes 200 1
1 2.5 - 3.0 0a 23 1| 25- 3.00cs B B- Wee 50 1
1 3.0 - 4,0 0e 3] I 3,0 - 4.0 co 0 1 30- 40 ce 300 |
| 40 - 5.0e0 4 1| 40- 30ce 0 1 40- S0ce 00 1
] 5.0 - 7.0e8 S 1} 50- 7.0ce S0 1 %- 70cs. 50 |
| 7,0 - 10,0 5o 7 1} 5.0 - 10,0 co 70 1 70-100co 700 |
i | 1100 - 150 co 1000 1 .
4 } !

| Ho inforsetion 9999

_ HB! The size class of sn ordenise 1is in princirle defined by its lardest measure excluding arpendages: = but the

following suidelines were used? .

* Fish - lendth froa snout to tie of tail, ) .

Crabs - saxieua cararace width or total body lendths whichever is the larser seasure.

Shriaes and Hephrops - totsl body leéndth excluding claws (Standard csrarace lensth %o be rerorted under
‘additionsl inforsation’).

Cerhalorods - lendth froa mouth to end of body (Standard mantle lendth to be rerorted under
‘additional inforsation’),’

Starfish ~ distance fros the edde of disc to the tir of orrosite ars.

‘Brittle stars - disc dizeeter, |

Poluchaetes - excert for obviou ¢ excertions (e.d. Arhrodite) code 9999 should be assisned» because

length of thesq creatures is.a hishly inadecuate measure of weight.

TARLE IX !
Number of stomachs samerled {in 1981 bw size droury sPecies and auarter and
totals (arproximate estimatles in brackets).

10uarter | Seecies | Size class f Total e |
1 | 1 7-10 10-15 }5-20 20-25 25-30 30-40 40-30 S50-70 70-100 >=100 | of stoaachs |
I
I 21 1Cod 11 113 | 253 532 610 834 40 ST 83 117 1 4180 1
[ | thiting | 1525 (1638 1623 1816 1250 17 4 | 7832 |
1 | Saithe | i (3 109 208 16 1 336) |
[ | Mackerel | a3 13 10) i Y]
| | Haddock | not avaimrle ] (4862) |
I 2 1 Cod | 3 180 I 3I0 S I I4 180 19 1 2419 |
| | Bhitins | 428 | 736 88y 1161 94 3 | 4211 1
[ | Saithe | (14 é 2 105 31 170) 1
| | Heckerel | 3 23 9 252 an 1 $36 1
1 1 Haddock | = not available | awn i1
1 3 1Cod t%0 35 [ 87 188 3I2° U7 W7 20 49 1 2345 |
| | ¥hiting | 231 | 321 843 1131 1032 143 é 1 3727 1
] | Saithe | 39 48 & 53 41 204) |
| | Hackerel | 'J (33 25 50 29 1 1008 |
| | Haddock | not available | (702) 1
4 Cod i 199 198 23 384 34 338 300 33 227 |

| ! |

| | 324 (319 T2y 82 740 110 4 ' 3447 1
I Saithe. | | (48 82 7 188 | “n 1
| | |
| | |

33 23 38) A4
not ovailadle [{~ 1A N]
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TARLE IIXIX
Averade auarterly stomach content data for COD by size class .

D .
Year? 181 . Quarter? - 1
Area: TOTAL NORTH SEAN
SIZECLASS 7-310 10-135 15-20 20-25 25-30 30-40 40-50 50-70 70-100 >100

SAMPLING INFORMATION ; .

Nr SQUARES saarled 1 26 48 69 76 ?8 69 90 94 40
N7 STOMACHS sampled 1 113 253 532 610 854 460 557 683 117
Nr of Stomachs with FOOD 96 211 437 502 691 348 423 518 98
Nr of REGURGITATED Stom. 3 14 35 35 80 43 38 81

Nr of EMPTY Stomachs 1 14 28 60 73 83 47 98 104 19
GENERAL RESULTS ) -

1 EWPTY : 100,000 15,107 14,419 12,063 13,355 12,194 13.571 14,080 14,049 15.54%
Hean ¥ Stomach Contents +401 18357 1.114 2,018 34194 14,048 37,147 86,146 164,911
Hean NR of Prey Itess 2,444 2,494 2.819 4,303 4,842 4,954 5.495 5,915 7.194
AVERAGE ¥ per PREY ITEM 1164 +244 +395 . 1449 1,073 2.835 6,781 14,563 - 22.924
Food Comrosition in WEIGHT X bw Mador Taxa

PHAEOPHYTA . 02 +00

CNIDARIA 1.47 W12 .02 .24 .06 W12 .09
RHYNCHOCOELA .01

ANNELLIDA 14,39 9.90 2.70 11.06 11,32 7.13 4.52 2,34 1,00
GASTROFODA 7.82 3.98 2,92 2.86 3,03 W54 W49 +31 .28
RIVALVIA 5.33 2,30 9.81 5.40 8.40 2.86 .42 W16 W07
SCAPHOFODA - +00 .00

CEPHALOPODA 2,79 5.28 2.49 .53 $70 - .35 24
PYCNOGONIDA W72 o61

CRUSTACEA 36,98 61.10 45,12 42,52 31,64 32.48 14,33 8.20 5.34
SIPUNCULA 15 .00

ECHIURA ) .84 +57 1.18 +34 .02
PRIAPULIDA 06 .08 .04

ECHINODERMATA 11 w13 W17 .19 1.22 .85 .19 05
CHAETOGNATHA .11 .06

UROCHORDATA .04 .00
CEPHALOCHORDATA .00 .05 11 .00

AGNATHA .06

GNATHOSTOHATA 34,00 22,60 30.42 31,04 41.84 49,66 72.96 88.30 93.02
UNKNOWN .01 .02
WEIGHT X Commercial Srecies )

GADUS . HORHUA .86 1.47 1.33 10.14 8.98
HELANOGRAMMUS AEGLEF INUS .70 2,09 2,95 4.45 9.15 19.78 1,65
HERLANGIUS MERLANGUS 1.11 .02 W27 6,73 6,62 19.40 33.24 28.61
TRISOPTERUS ESHARKI 5.16 6.86 4,24 2.89 5.43 3.49 .55
CLUPEA HARENGUS ‘ .90 1.88 3.0% 6,53 2,26 2.89
CLUPEA SPRATTUS 7.13 4,06 12,14 5.93 11.34 752 4.87 2.79 2.79
AMMORYTIDAE +60 w44 1.49 .62 4,64 13.20 14.84 W32 .03
PLEURONECTES FLATESSA 1,05 3.06
SOLEA SOLEA i .13 .07 .00 W49

SCOMBER SCOMBRLR

NEFHROFS NORVEGICUS : 1,29 .28 .14 .85 1,78 3,54 1.24

CRANGON CRANGON 25.14 32,06 13,06 4.10 2,12 1.12 +S1 W21 01
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TARLE ITIXdctd?y .
Aversde auarterly stomach content dats for COD by size class .

B .
Year? 1981 lusrter: =2
Areal TOTAL NORTH. BEA,
8IZECLASBS 7-10 10-1% 135-20 20-23 23-30 3J0-40 40-30 S0-70 70-100 >100
SAMPL ING INFORMATION
Nr SQUARES saerled 7| 26 44 30 74 58 64 44 13
Nr STOMACHS saeeled 37 180 330 370 538 391 374 180 - 19
Nr of Stomachs with FOOD 33 153 276 309 406 33 276 149 17
Nr of REGURGITATED Stoa. 3 20 82 23 76 29 2
Nr of EMPTY Stomachs 4 27 51 41 50 37 22 2
GENERAL RESULTS ‘
% ENPTY : 17,460 16,711 19,730 12,640 10,097  10.113 6.839 1,087
Hean M Stosach Contents +328 4793 1,304 3,044 7,927 14,920 36,300 108,504 189.010
" Hean NR of Prey Itess 2,599 3.783 3,953 7,338 15,752 9.351 15,396  96.116  18.071
'AVERAGE Y ‘per PREY ITENM 0126 | +209 +330 +415 + 503 1.595 2,357 1,128 10.459
Food Comrosition in WEIGHT X |bw Mador Taxa
CNIDARIA ‘ : .48 W07 203 W11
ANNELLIDA 9.67 5,98 17,27 7,92 4,23 8.44 3,88 3.82 6,58
GASTROPODA - ‘ 2,23 1.27 1.39 1,26 1.64 .03 .08
BIVALVIA | 3.64 5,49 1,57 1,37 +S51 13
SCAPHOPODA | ) N
CEPHALOPODA 70 .10 .10 .01 .01 16 .13
- CRUSTACEA 58,72 45,72 43,03 39,13 34,77 36,57 34,83 40.55 29.55
SIPUNCULA .05
ECHIURA 3.19 | .09 40 42 .00
PRIAPULIDA } ,08 .03 09 .01 :
ECHINODERKATA | .41 1.5 3.73 7,43 2.47 .00
CHAETOGNATHA ‘ .26
UROCHORDATA | .18 16
CEPHALOCHORDATA ‘ .03 +00
GNATHOSTOKATA : 28,43 42,02 31,04 47,77 53.82 44,96 58,57 55,27 63,73
WEIGHYT X% Commercial Species
GADUS HORHUA 2,41 1,03 76 1.49 .83 1.86 6,02
MELANOGRANMUS AEGLEFINUS 1,15 2,58 1.66 5.76 6,43 .54
HERLANGIUS MERLANGUS +40 1.97 5,87 9.08 19.27
TRISOPTERUS ESMARKI 2.87 2,59 1.18 4,51 4,78 .48
CLUPEA HARENGUS 4.71 | 76 .07 N1 .70 1,68 1.48 4,53 1.17
CLUPEA SPRATTUS .08 1,44 39 4,27 4.10 ‘2,58 54 2.85
AMHODYTIDAE 17,90 14,23 38,44 36,48 19.15 12,93 5,92 1.54
PLEURONECTES PLATESSA , 1 .01 .00 .16 2.11
SOLEA SOLEA | .01 13 406
SCOMBER SCOHBER ‘
NEPHROPS NORVEGICUS .28 89 5.21 10,58 21,72

CRANGON CRANGON 32,11 21,23 8,00 3.81 .98 085 +00 .02
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TOBLE XIX (ctd?>
Averade cuarterly stomach content data for COD by size class o

C o :
Year: 1981 Quarter: 3
Area’ TOTHL NORTH SEA
SIZECLASS' 7-10 10-13 13-20 20-23 23-30 30-40 40-30 50-70 70-100 >100
SAMPLING INFORMATION
Wp BQUARES saerled [ 24 23 20 39 58 60 48 38 13
Nr STOMACHS soapled 90 353 232 87 186 372 347 387 260 49
Ne of Stomachs with FOOD 70 307 210 64 147 234 199 229 143 26
Nr of REGURGITATED Stowm. 2 ) 2 10 87 87 74 80 4
Ne of EWPTY Stomachs 20 48 22 21 29 31 61 64 33 19
GENERAL RESULTS
X ENPTY ) 22,31 23,866 7,803 21,568 14,339 12,803 12,386 13,237 10,592 12,000
Hean ¥ Stomach Contents .087 +329 «919 1,447 2,308 6,410 16,906 38,980 133,370 . 376,441
Hean HR of Prey Items 3,923 1,620 2,450 4,554 5,287 9.772 8.702 35,790 7.787 4,180
AVERAGE ¥ per PREY ITEM »022 +203 +346 v322 1438 1636 1,942 1,089 17.127 90,063
Food Comrosition in WEIGHT X bw MaJor Taxa
CNIDARIA o11 »00 +00
ANNELLIDA 1.71 +82 2,51 5.18 8.90 4,94 6.79 4,68 . 11,08 +40
GASTROPODA '66 2,28 +40 .10 01
BIVALVIA 7.08 .02 1.00 +60 +00
SCAPHOPODA .00 .
CEPHALCPODA +64 16 .14
PYCNOGONIDA 01
CRUSTACEA 69,15 67.66 49,45 51,66 50,74 37,07 29,89 36,56 16,96 11,98
PRIAPULIDA '13 : .05
ECHINODERMATA 1407 .03 186 .14 1.07 .78 +39 .01
GNATHOSTOHATA 29.13 24,38 47.84 43.18 38.91 33,31 60.20 57.27 71,38 87.45
WEIGHT X Commercisl Srecies :
GADUS HORHUA : 12,94 ’ 49 1.85
HELANOGRAMHUS AEGLEFINUS 1,78 5.70 8.29 9.89 12,84 32.97
HERLANGIUS HERLANGUS ) 17,00 2,70 18,47 12,20 3.58 2,41 3.60 1.38
TRISOPTERUS ESMARKI ‘ 3.08 2,17 16422 27,00 16,06 1.06
CLUPEA HARENGUS 5.52. 7.40 4,21 15,48
CLUPEA SPRATTUS 2,88 5.43 10 +00
AMHODYTIDAE +00 14,41 23.24 9.08 6,84 9.25 3.38 +53
PLEURONECTES PLATESSA '12 14,20
SOLEA SOLEA . .13 W21 ' 24
SCOHBER SCOHRER 2,19 4,55
NEPHROPS- NORVEGICUS " 1.82 +40 .87 2,74 9.73 11,17 6,51

CRANGON CRANGON ’ 21,37 45,08 32,99 5.60 1.86 W24 75 +37
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TARLE IXIXC(Cctd?>
Averade auarterly stomach content data for COD bw size class .
D .
Year: 181 Quarter: 3
Area’ TOTAL NORTH SEA
SIZECLASS 7-10 10-1% 135-20 20-25 25-30 30-40 40-50 50-70 70-100 >100
SAMPLING INFORMATION
Nr SQUARES saarled 1 32 33 36 37 35 49 42 37 9
Nr STOMACHS samrled 1 177 199 198 223 384 334 358 300 33 .
Nr of Stoeachs with FOOD 1 125 172 169 188 328 292 333 253 49
Nr of REGURGITATED Stom. 14} 2 2 [} 21 18 16 38
Nr of EMPTY Stomachs 38| 23 27 29 35 24 9 9 4
GENERAL RESULTS
1 EMPTY _ 21.291 10,421 14,733 14,430 10,651 6,374 3.488 3.519 2,797
Mean ¥ Stoeach Contents 1230 . 258 1625 1,309 2,794 5.773 13.407 33,024 116.655 148,189
Hean NR of Prey Iteas 4,000 1,973 2,272 2,290 3,241 4,516 5,649 7,203 7,383 7.079
AVERAGE ¥ per PREY ITEM .057 +130 «275 0572 +862 1.278 2,373 4,583 15.800 20.934
Food Comrposition in WEIGHYT X |bx Mador Taxa
PORIFERA . 03 .
CNIDARIA ! ' .04 By 07 .01
ANNELLIDA 7.90 +26 4,97 6,06 7.48 8.18 8.75 1.26 1,50
GASTROPODA 1.43 .98 1.68 o9 +36 88
BIVALVIA 2.94 2,09 W72 14 .02 .01
CEPHALOPODA i +18 . W71 +60 .19 023 17.19 W51
CRUSTACEA 100.00 62,00 75.88 68,96 51,47 51.94 49.24 47.60 9.89 5.93
ECHIURA 47 o14 .70 $21 .08
PRIAPULIDA +10 5.14 2.38
ECHINODERMATA 024 .08 104 .09 .00
UROCHORDATA +35 +43
GNATHOSTOMATA 30,09 20,02 24.41 37.70 30,04 37.89 42,66 70.95 92.04
WEIGHT X Commercial Species
GADUS MORHUA 1.10 .31 9.25 1,57
HELANOGRANMUS AEGLEFINUS 1.17 .95 7.46 12,33 4,55 13.13 31.39
HERLANGIUS MERLANGUS +33 .14 1.48 15.27 14.12
TRISOPTERUS ESMARKI 14.49 5.58 6.18 4,33 8,50 5.23 2,19
CLUPEA HARENGUS 03 5.80 17 W44
CLUPEA SPRATTUS 104 +50 .01 .97 1.34 .82
AMMODYTIDAE 59 3.78 9.47 5,93 3.5¢9 .81 4.31 8.80
PLEURONECTES FLATESSA W12 .25
SOLEA SOLEA o11 $22 37 05 1.32
SCOMBER SCOMRER | 15.33 1.97
NEFHROPS NORVEGICUS | .95 4.79 1.21 .35
CRANGON CRANGON 24,70 44,58 43,53 9.41 14.49 .74 2,08 +03 .00




- 20 -
TARLE IV
Averade percentade weight cf exploited fish srecies in stomachs of CODl' by
ade drour. )

i PREDATOR segroe | 1 -1 2 | 3 1 4 1 § 1- -6 1
| PREY ot 125 1 A3 1 28101 S99 1 887 1 391 |
| Hoddoch  © 406 1 S92 | BT b 1257 | 1378 0. 17,76 1
| Witing | 347 i &35 | 895 1 1278 | 13,62 | 1464 |
I Norwsw pout | 3481 259t %32 1 807 | 724 1 2,28 |
| Merring | 1261 303 1 450 1 S8 1 550 | 1711
| Serat 108 L Mes 1 L9310 L2001 L9 1,43
| Sandeels | 11,67 | 11,10 | 804 1 A3 | 284 1 249 |
i Plaice | .02 | L03 1,03 1 23 1 .85 1 426 |
] Sole I0.08 1 oAt W08 1 W16 1 .20 1 38 )
I Mackerel 1 .02 | £.91 1 1631 LA 1 L1001 108 1
! Ssithe 1 - 1 = 1 = b = 0 = 1 -
1

I ToTAL 130,91 393 14628 1 5205 1 S279 1 50,24 |

TARLE O . : .
Annyz® dwgrade nr of cods haddock and whitind per 1000 stomachs of CODl by
ade drour,

| Predator ade drowr | i 2 | 3| 4 1 51 s 1
| Prew 3 CoD . !
| Age grow! 0 115 1 28, 112 116, 118, Lo 1
| 1 ! 037 1 LS 11 [ 1 56s I 37 !
! 2 [ 20008 1 007 -1 J7 178 112, 113, !
| 3 | - 1 005 1 028 | 85 1 14 123 |
| Prew ¢ HADDOCK 1
| Ade drour ¢ 0 119, 1 3. I 6%, I 3% 115, 1 &7, ]
[ 1 I 12 I 1t i 34 | 82, I 86, 1 12, i
I ° 2 I 031 L3 1 1S I 73 I 85 121, i
! 3 l - 1 009 1 WJ2 1 24 P42 | 28, i
- 4 | - I 4000051 015 093 | W22 1 228 ¥
| S | - 1 - I 000051 004 | 009 1 065 1
| &t ! - I - I 4000051 004 | 2009 | 085 1
| Prey ¢ WHITING 1
I Age drowe ¢ 0 1 20, I 17, [0 1 10, 110, [ 1
I 1 1 J4 112, 1 43 1 76, i 138, I 135, !
! 2 ! 0021 28 1 22, 1 76 1 102, 1 169, 1
! 3 | - ! W28 L3S 114 I 20, 1 3. !
1 4 1 - | 052 1 W82 1 24 I 3.2 1Y 1
! S 1 - | 010 | 26 W37 1 Al Y/
| 3] | - ! 003 1 037 1 42 g5 27 1

TARLE VI

Estimated number by ade drour of cod» haddock and whitind consumed by the
averade COD stock in 1981 (P) in comparison with estimated number in the
sea at the bedinnind of 1981 (N) from VUPA (ANONYMUS,1983), Ratio! F/N. (N
and F in ‘000 fish)

I S | _.Cop_ . AL . _HADDOCK it WHITING . ____1_
| Ade drour 11 N ] P 1 Ratio 1 N ! ‘P I Ratio 1! N | P I Ratio

| o 1t ? I 2534790 1 Tt 2278424 1 3768548 | 1.65 11 1603784 | 2078825 | 1.29 |
! 1 I 131415 1 151603 | 1.15 11 340792 1 593396 I 1.74 H1 497750 ) 650129 | 1.31 |
| 2 1 313486 1 17535 | 2056 11 1018240 1 222952 | 022 11 892674 | 286494 | 32 1
! I 499 1875 1 039 11 255349 | 9715 1 J038 11 464707 | 48726 ) J00 1
! 4 11 1825t 1 =1 W000 11 33408 7 1 2018 11 147615 1 888 | 2080 1
| 5 | -1 2000 11 sa1n 17 1 J003 11 33088 1765 1 W053 1
. [ 1 | [ i !

n 8987

™ 2000 11 1205 15 012 11 16719 418

TARLE VII

Comparison of redression parameters of mean weidght stomach contents (w)
against mean lendth (L) of North Sesa COR after log transformation
( Ln w =Ln 3 + beln L ) for various data sets. Feedindg coefficient
PAL icz hee.. T2lculated 3ssuming that the model w = phi o L73 aprlies
to all1 sets.

| Source | Stosach Sasrling Project | DAAN) 1982 | DaANy 1983 |
1 Year 1 1981 b 1980 1 1968-72 [
| Area | Total North Sea " | Southern North Sea 1 Total Morth Ses |
| Nr of stoaachs I 11171 [ 8841 | 7430 [
I Nr of data points I k] [ 10 | 47 )
| Correlation coeff. | 993 ! 992 i 990 !
b | 3.6 | 3.08 1 3,02 |
1 Sb I +063 1 014 1 W07 !
I 952 confid.liaits b | 3.01-3.33 | 2,75-3.41 1 2.89-3.13 )
13 i +000085 I .000112 i 000147 1

1 ohi 1 000151 1 000147 ] 000158 1
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xploited fish

Averade percentade weidht of e species in stomachs of
WHITING by ade drour.

| PREDATOR Ade drowe | [ i | 2 | 3 | 4 1 5 1 & 1
| PREY ! Cod | W02 1 W08 |1 g2 1 21 a6 1 a6 1 a5 1
| Haddock | A0 1 23811 &33 1 846 1 10,48 1 11,50 1 16,23 )
| khiting | W42 1,59 01 1,80 1 273 1 406 1 559 1 8,09
! 7 MNorway pout | 1,47 8 4071 9,03 | 15,00 | 18,86 | 17,49 1 17,00 |
[ Herring | 1 L 14601 Bu62 1 988 1 9,31 1 B2 | 4.47 |
| Serat o215 1 9,431 13,43 1 13,81 1 12,48 1 11,20 1 8,09 I
| Sandeels I 18,38 | 3383 |1 23,37 1 19,30 | 14,98 1 11.85 | 11.89 |
| Plaice | - | - ! - | - 1 - ! - | - |
| Sole | JA3 1 Q2 11 011 01 1 01 01 1 L]
| ) Hackerel | | - | o W04 1 a1 g4 W43 1
| Saithe | - | S - - 1 - | -1 -
!

| TOTAL 123,08 1 52,62 |1 62,71 1 69,14 1 70,25 1 86,56 | 68,35 |
| i

1 TOTAL FISH 1 34402 1 451,38 |1 75,10 1 82,59 | 85,95 | B85 | 84,28 |
TARLE X

Estimated numbers of exploited |[fish srecies by ade grour consumed

per 1000 WHITING of each ade

in 1981,

| Predator ade srowe | 0 I 1

| Prewy 3 COoDp

| Age growrt 0 bo200 1 1385, (1 1298, 1 4377, 1 8579, | 7852, | 87%. |
| 1 | -1 1. |1 5. 1 | -1 L B |
| Frew ¢! HADRDOCK !
| Ade srour § 0 b 3401 1302, |1 7839, 1 959S. 1 23115, 1 30292, 1 4B144. |
! 1 | 2230 3% f 1 79 1 451, 1 10600 1 1151, | 1478, |
| 2 | o1 a2 S 16 1 2, & 3. 1 38 |
| ] 1 -1 L | 0021 20021 011 021
! 4 | -1 -1t - + L | 10021 20041
| Prew ¢ WHITING |
| Age grour 0 | 182, ! 1837, |1 3901, | 7183, ) 8097, I 7878, | 7838, 1
! 1 | -1 1471 48, 1 405, 1 1109. 1 2011, 1 3843, |
! 2 | -1 - ! 1,011 Iooob 16 1 48 1 110,
IPrey ¢ N. POUT !
| Age drour ¢ 0 I 826, | BS19. |1 28483, | 41273, | 54849, I 64190, | 64817, |
| 1 | Lo 1 309 |1 1305, | 5071, 1 9205. 1 9767, 1 11514, |
| 2 | -1 20 J0 1270 0 774, -1 1693, 1 1904, 1 2481, 1
) 3 ) -1 = 1.48 1 15 1 8B 1 4 1 8.
I Pregs ! HERRING !
| Ade srour I 0 1393, 1 2705, |1 8764, ) 18348, 1 20902, | 23501, | 19091, |
1 1 | = b 482, |1 3918, 1 181, 0 7939, 1 B167. 1. 8759, 1
1 - 2 I = = o2 L. 203 ). 800 L %0._ )
| Prey ! SPRAT 1
I Ade dgrovr ¢ 0 I 593, 1 2728, W1 795, ) 43%. 1 328, 1 299, | 208, |
! 1 I 49, 1 4048, |1 7375. 1 12274, 1 14050, I 14338, | 14298, 1
| 2 ! I b 195, |1 1S54, 1 3993, 1 5594, 1 6484, 1 518, |
| 3 | - 2400 %, 1 121, L %, 1 280, 1 239, |
| ] | - 2.2 |l 86 1 3 7. 1 7. 7.1
| Prey ! SANDEELS N N
I All ages | 33329, 1107458,  [1107474. | 95114;  1108240; - 1100740, | 88943, |
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TAERLE X
Estimated numbers ( ‘000 ) of prey by ade drour consumed by the
WHITING stock in 1981 by auarter.
(Rased on auarterly estimates of stock size assumind constant
mortality over the wear and on auarterly consumption fiduress;
rersonal communication I'r J.R.G.Hislor).,

| Quarter | Ade drour | Prey species

| | [ COD | HADDOCK | WHITING ! N. POUT | HERRING | SFRAT |
| 1.1 0 [ - 1 -1 - | 1596986 1 - 1 -
I | { | 4915 | 154182 | 283871 1 2884189 | 2384617 1 6914108 |
| | 2 | -1 792 | 792 | 429120 | 25013t 1841542 |
| | I - 1 2 i - 6847 | -1 4826 1
| 2.1 0 [ 3569684 1 8338 1 138 | 3207410 1 2810957 1 -
I | 1 | - 732 1 134019 | 1380285 | . - 1 1Hea184 |
| ! 2 | - 1 9092 | 12 1 21921 -1 218994 1
| | 1 - - -1 B - 1 11884 1
| 3.1 0 ! 13874 | 5960328 | 5584847 | 14763812 1 S097825 1 |
I | 1 | - 27467 o= 25563 1 3021894 1 2893790 )
| | 2 ! - L | - | | - 1 852391 1
1 | I - 1 - 1 = | = | -1 50687 1
I 4.1 0 i 44801 ] 2292418 | 4163480 I 10891120 ¢ 3193039t 1151778 1
| | 1 I - 9551 ! 1297 | N 6202 | 923416 1
] | 2 | = 1 434 | - =] L | 13523 |
! | I - 1 - 1 -1 =1 = -1

TARLE XI

Estimated numbers of wvarious exploited fish species consumed by the
WHITING stock in 1981 (P) in comparison with estimated number in the

sea at the bedinnind of 1981 (N) from VUFA (ANONYMUS»1983). Rztio! F/N.

(N and P in ‘000 fish)

¥

I 1 conp 1] HADDOCK " - WHITING !
| Ade drour 11 N P | Ratio 1l N | P I - Ratio - I} N ! P I Ratio |
1 o ? I 3648359 | T 11 2278424 | 8316100 | 3.45 §l 1803788 | 4002545 | 374 |
1 1 1 131415 1 4975 1 W04 11 340792 1 364312 1 1,07 NP 497750 1 399187 | 80 1
| 2 11 313486 1 -1 2000 11 1018240 1 12318 | 012 11 892874 | 6804 1 4008 1
| I 47499 1 -1 +000 11 255349 | 11 2000 11 484707 | -1 2000 |
i 4 1 18251 | -1 W000 11 33408 1 t 000 11 147615 | -1 2000 1
! S 8987 1 -1 2000 11 S21 -1 4000 11 33086 1 -1 2000 |
1 8 11 3221t -1 2000 11 1205 | -1 00011 18719 1 -1 000 1
(N and P in ‘000 000 fish)

] 1 N. POUT H HERRING 1 SPRAT 1
| Ade grouws |1 L} | P I Ratio 1l L | P 1 Ratio 1l N I P -} Ratio |
i 0 11 232505 | 30461 1 JA3 N 12414 1 10702 1 86 11 3781 | 1152 1 311
] T om0 434 | W20 11 2347 | S413 1 . 2,31 11 21458 1 11895 | S5 1
| 2 11 14634 1 842 | 2044 11 1496 1 po | 01711 S176 | 3048 1 W59 1
| I 383 I 13 1 2034 11 1147 1 -1 4000 11 244 | 67 1 28

TAERBRLE XIXI
Averade annual stomach content composition of SAITHE by size class.
(Samples from 1980y 1981 and 19823 ANONYMUSs; 1982)

| Size class I 25-30 1 30-40 1 40-3% | S50-70 1 70-100 1| >= 100 |
I Nr of Stoaachs ! 3 ! 8 ! 138 ! 350 | 507 | 203 t
| U stosach contents (3) | S.3 1 49 1 12,0 | 20,4 | 435 | 732 |
| U per prey ites ] W43 1 o1 1 45 1 W37 1 92 1 4.23 |

Food coarosition in weight I

! |
I cop ] - | DA - 1 o | g -1
| HADDOCK | - 1 124 | 5.4 4.8 | 47 1 8,0 I
| BRITING | = - 1 = 1 oo 2 | 3.0 I
| NORHWAY POUT [ - | A4 10,0 | 19,9 | 370 | 7.4 1
I HERRING | - 1 4| 104 1 = | YA 6.3 |
I SPRAT | - - - 1 - o1 | - 1
| SAMDEELS | 85.1 1 60,6 1 Jd 8 | 3.4 0 48 |
I PLAICE 1 - - | - - 1 - 1 -1
I SOLE | - -1 - 1 - 1 - |
| HACKEREL l - | - 1 - 1 - 1 - -
I SAITHE | = | -t - 1 - 1 - | -
tT0TAL | 85.1 | %7 1 264 | 28,3 | 466 1 57,2 |
| TOTAL FISH [ 85.1 | 797 1 30.9 | 47.4 | 70,9 | 4.1 1
| EUPHAUSIDS | - | 8.7 68,1 | 52,5 1 263 | 49 1
I CEPHALOPODS | 14.9 1 1S 1S S 31 2.9 | 4
| OTHER INVERTERRATES | -1 = S | O g 1.2 1
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TARLE XIIIX
Averade wet weight stomach contents (dg) of MACKEREL bw auarters area
and size class (Number of stopachs in brackets? NW ¢ northuestern
NE : northeastern # C $ central i S ! southern $§ NS ! total North
Sea i from MEHL & WESTGARD, 1983).

| Size Class ! 20 -2 | -3 | 0-4

| Quarter 1 Area | |

1. 0m 1 - 1268 () 1 1 ) 1
! PR L 2 s a2 (001
| LN R TS © SR &) N NS I € ) A A 1
| ts 1 - o - |
[ .
I [T Y S .UV Y S 3 B Iy S - I |
1 2. 18 1 223 A3 1 364 (20 1 405 ()
[ PN 1 W01 (10 1 4,08 (103) | B.1B (162) I
| 1C 1 643 U3 1 7,82 (1200 | 10,34 (11) |
! 1S 1 238 (120 1 4,81 (128) | 9.82 (39) |
I

| THS 1 276 (162) 1 6,05 (375) | %12 (3D 1
I 3. 1M 1 LY (72 1 544 (168 1 47 (N
1 L 1 L7 (B 1 2,04 (2%7) 1 3,20 (129) |
| IcC 1 L3 a1 2,98 (35 1 359 (128) |
| s 1 1 ill (238) | 1,89 (295) | 4.80 (10D) |
|

| 1 us 1 l.éb (582) | 2,84 (1085) | 3.82 (387 |
[ O . .B% (13 1 3.86 (108) "1 4.9 (8Y) |
| I - I 276 (18) 1 5.03 (200 1
I PC 1 210 (89 1 2,43 (183) 1 3.0 (20 1
| 1S 1 .65 (38) 1 216 (12)) 1 .88 (2D )
{

!

PHS 1 LSE (120 1 273 (418) 1 430 (147)

TARLE XIWV
Food comrposition of MACKEREL (a3ll size classesi 15-50 ca) in 1981 in
weight percentades (from ANONYMUS, 1982).

NORWAY POUT
HERRING
SPRAT
SANDEELS

I TOTAL [

TOTAL FISH | 7
COPEPODS | 8
EUPHAUSIDS | 3
CEPHALOPODS | 1)
UROCHORDATES | S
OTHER INVERTEBRATES | | 2
NOT IDEWTIFIED | 9

TARBRBLE XV

Estimated consumption in tonnes pf selected prew catedories by size

class by the North Sea MACKEREL stock in 1981 (from MEHL & WESTGARD,
1983) .,

| Prey size class | HWot known | 0-3

5-10 1 10-15 1 15-20 1 TOTAL |

| Prey catedory | ) : |
| HERRING | -1 -1 545 1 1330 1 78 il 1953 1
I SFRAT ] 444 | -1 kXN 2733 1 -1 4507 1
| Unseec. Clureoids | 35t 1 -1 3021 1 1803 | -1l 4975 1
| COD ! -1 -1 231 92 | -n uri
| HADDOCK ! -1 - -1 1097 4 -1 1097 1
I N. POUT | 851 1415 | 98537 1 2900 | 3265 1 106202 |
I Unseecs Badoids | 83 1 271 1783 1 -1 -1 2102 1
| SANDEELS | 9451 1 19007 | 84194 1 31197 1 3504 11 127552 |
| Unseec, Teleostei | 65182 | 1499 | 6741 ) 191 -1l 73540 |
1 ‘Other* | 677220 | -1 -1 -1 - 677220 1

1 T0TAL | . . " 1001245 |
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TARLE XVUTXI
Estinated‘Preg size preference parameters of . COD eatind various prey
based on an assumed condition factor of .01 for all sepecies.
(eta! estimated preferred lod weidht ratiol sigma! estimated standard
deviation of 1lod4 weidht distributioni c ! estimated coefficient of
nedative exponential function of prey numberi C ! ectimated condition
factor 3ssuming eta(rrey) = eta(cod).
NR: non-trivial estimates could not be obtained for the followind prey!

SOLEs FLAICE,» FLATFISH, HERRING, HADDOCK», MACKERELs» MACROFPIPUS !!!

| Prey | eta | sigsa | c | [ I
1 all prey | -5.58 | 2,24 1 1,080 | 031 |
I crabs -89 1,949 1 1,016 1 .88 1
! fish 1 =42 | 1,20 J57 1 0079 1
| Gadidae 1 -4.48 1 1,00 1 603 1 012 |
| invertebrates [ Tr7 | 3570 1 1,448 059 |
| shriges bo-4,98 1 1,52 1 .41 ) 017 1
| Aesodstes I =224 1 2,370 1 842 20011 |
| Arhrodite [N 18 A A | 1,07 | 839 | A3
1 cod I -4.44 1,33 1 968 1 014 1
I dab b-5.08 | X3 S U BT [ A | 018 1
| Norway pout | -6,02 i LAY =7t | 049
I Pagyrus I -5.92 1 1,25 1 1.484 1 .044 |
| sprat I -4.88 1 2,051 -.001 013 1
! whiting L =857 L4791 024 1 031 1

‘) = very in3ccurate estisate (standard error _ parameter estisate)
') - “trivial value

TAaRLE XVUIXI

Seasonal and sepatial variation in the prey size preference parameters
of °COD EATING GANIDAE®, (A dot indicates all possible values of the
parameter; c lestimated coefficient of nedative exrponential function
of prey number).

I Year | Quarter | Area Il Kean log ratio of prey to predator weisht and Sd | c |
! 1 [N I | | i
! 1 i 1] found in stosach I estieated preferred | I
| | ! 1 eu-hat | tau-hat | et | sidas | !
[ 1 b 1 422 1 1,08 Io-4.88 1 100 I 803 1
[ | o1 osouth 1t no solution !
[ | . I north It -4.15 | 1,09 I =438 | 1,05 | .84 )
1. I3 X S =418 1 1,03 I =489 1 1,05 1 600 |
[ [ R T I B o-421 1 1,05 1 458 | I3 220 834
I 1980 | . w1t =428 10 I =489 1 L7 b W882
11981 | b e =420 1 03 P-4 94 570 1
[ ! 1 [—_— 1] no solution |
(I | 2 |- 1" no solution 1
[N i 3 |- 1" =443 1 1.04 I -4,87 | 1.10 | 842
(R ! 4 [N ] no solution |
11980 + 1 1 I =417 1 1.6 I 448 1 L2 7% |
cbagee o2 v . _ . . ma solution R
[ 17+ N S A A < I B 1 7/ to-5.02 I 99 382 |
Lo1ggo + 4 1 1 no solution |
L) S A T =408 1 1.03 To-4,64 1 1402 1 628 1
botgst 12 1, 1 no solution i
to1981 o I 1 no solution [
1198t | 4 [ I 1 no solution |

‘) = south: south of 35 30 NBi north: north of 55 30 KB
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