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Abbrt'\i:itions and terms usi^d in this report 

AON 
Aor 
tx 'nihjc 
BMR 
clupcoid ftsfi 
commercial fishcrv' 
cpun 
demersal 
gadoid fish 
euana\s 
ICLS • 
ItCMI 
induslridt llshenes 

ivrs 
lYHS 
MSV 
mcwpel.ii;ic 
monophjüous 
MS\1>A " 
O-Cfüup 

pelajic 
piquero:. 
rccruilmenl 

rccruiimeni l'nhen 

TAC 
VPA 

Apparently occupied nesl or sue 
Apparenily occupied ierriior>' 
bottom-lining 
Basal Metabolic Rale 
Herring. Sprat, or Pilchard fish of this family 
any fishery uhose caich is sold directly for human consumption 
Caich Per Unit Effort 
close to the seabed (demersal fisheries, demersal fish) 
Cod, Haddock, Whiling, Norway Pout or other fish from the OxJ-famiiy 
Peruvian Cormorants FhalMrocorax bougatn\ tlltt 
International Council for the Exploration of the Seas 
Lsaacs.Kidd Midwater Trawl; fishing gear used in sampling programmes 
for fish larvae 
any fishery whose caich is not sold direcll> for human consumplion (ic. 
the caich is usually convened into oil or fish meal) 
Iniernational Young Fish Survey 
International Young Herring Survey 
Maximum Sustainable Y'leld 
living in the middle layers of Ihe open sea 
feeding on one son of prey only 
Multi-spccies VPA (see below) 
term for fish age. immature fish aner metamorphosis, less than 1 winter 
old; also I-group (one winter old), 2-group (two winters old), etcetera. 
The precise age will depend on the month of metamorphosis from egg 
to larva. This timing vanes between species. 
carbone of fish, consisting of calcium carbonate and otoline, used for 
Identification of fish species in dietary studies of seabirds and marine 
mammals or to age a fish using differences in growth rate in summer 
(rapid) and winter (slow) 
living at the surface of the sea (pelagic fisheries, pelagic fish) 
Peruvian Boobies Sula vunegata 
recruitment of immatures into the mature strxrl:. or recruitment to a 
fishery (when the fish becomes vulnerable to ihe fishing gear ordi,i,ir:l) 
m use) 
fishery of which the catch in any one )ear is highlv dependent on thai 
year's recruiiment to the adult stock 
Total .'VJiowable Catch 
Virtual Population Analysis 

'..jij'i^n I >i^yh\-wfta 

Samenvat ling 

SAMENVATIING 

1. De jaren lachtig kenden een alarmerende groei in aantallen dode zeesogels 
die 's winters op de kust van Nederland en van enkele andere landen rond 
de Noordzee aanspoelden. Hoewel olievervuiling zeker een rol speelt bij de 
steri'ie van \ogels in dit gebied, bestaan er aanwijzingen dat de toename in 
sterfte mogelijk in verband staat met veranderingen in het voedselaanbod 
voor de vogels. Vele vogels van de Noordzee leven van kleine vissoorten 
die ook dixir de groeiende tak van industriële visserij worden gevangen. 

2. Deze onrwikkelingcn waren voor Vogelbescherming aanleiding een beter 
inzicht te verkrijgen in de relaties tussen visbestanden, visserij en zeesogels 
op de Noordzee. Gezien de grote omvang en de comple.vciteit van dergelijk 
onderzoek, werd besloten een voorstudie te laten verrichten die zou 
moeten leiden tot 
(1) een inventarisatie van beschikbare gegevens en 
(2) een adsies o.T.trent de mogelijkheden en gessenste aanpak van gericht 
onderzoek. 

3. Dit rapport geeft een overzicht van relesante literatuur en geeft inzicht in 
hetgeen er beschikbaar is aan gegevens oser zeevogels, visbestanden en 
visserij op de Noordzee. Het rapport bevestigt de suggestie dat de toegeno­
men aantallen zeevogels op onze kust te maken hebben met gewijzigde 
voedselomsiandigheden. De gegevens worden voldoende geacht voor verder 
onderzoek, maar er zijn ook belangrijke beperkingen. 

4. In tegenstelling tot aantallen broedende zeevogels rond de Noordzee is de 
totale omsang van op de Noordzee overnmierende populaties zeesogels 
nauwelijks bekend. Ook de totale omvang van visbestanden is veelal niet 
goed bekend, en nog veel minder de insloed van de visserij op die visbe­
standen. Een kwantitatieve analyse waarin de totale voedselbehoefte van 
vogels wordt vergeleken met de aanwezige vispopulaties en de daarop 
uitgeoefende druk door visserij, zal daarom geen concreet resultaat kunnen 
opleveren. 

5. Waar absolute gegevens ontbreken is wel vaak informatie te sinden die een 
indruk geeft van relatieve wijzigingen tn de loop van de tijd. Wijzigende 
verspreidingspatronen van vogels op zee zijn te reconstrueren uu tellingen 
vanaf schepen, vliegtuigen en telposten langs de kust. Wijzigingen in 
visbestanden zijn deels af te lezen uit sangstslalistieken, maar verspreiding 
en dichtheden zijn nog veel beter te reconstrueren dank zij internationaal 
gestandaardiseerde programma's voor de bemonstering van sisbestandcn. 
Een "ttend-analyse", svaarin verbanden worden onderzocht, tussen relatieve 
wijzigingen in aantallen en verspreiding van vogels en sissen, behoort dus 
tol de mogelijkheden. Bestaande gcgesensbestanden gesen daarsoor in 
principe genoeg uitgangsmateriaal. Ah s oorbeeld is een aanzet tot een 
dergelijke trend-analyse gegeven voor de Zeekoet (3.8.4). Een probleem­
punt blijft het leggen van ourzakciijkc serbanden tussen sisserijdruk of 
andere factoren en de grootte en/of ver^preiding van vispopulaties. 
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De conclusies v,iii hci rapport (hoofdstuk 6) kunnen als solpt worden 
samengevat Voor een onderzoekproject naar de relaties tussen zeevogels 
en visbestanden is het verstandig zich Ie beperken tot Zeekoet, Alk en 
Drietcenrneeuw Deze drie soorten hebben duidelijk te kampen met 
vergelijkbare problemen zij waren de belangrijkste slachioltcrs \an de 
massastrandingen in de jaren tachtig en vertonen vergelijkbare wijzigingen 
in wmierverspreiding en in afname of instabilileil van broedpopulalies rond 
de Noordzee Voor deze soorten zou een trendanalyse uitgevoerd kunnen 
worden, die wijzigingen in hun aantallen en verspreiding tracht te correle­
ren met ontwikkelingen in de populaties van de voor hen belangrijke 
prooivissen De belangrijkste vissen zijn Sprot, zandspieringen en kever, en 
jonge exemplaren van Haring, Kabeljauw, Schelvis en Wijiing Onderdeel 
van de analyse moet zijn een onderzoek naar de herkomst van gestorven 
vogels alleen op die wijze kan de toegenomen sterfte in de Noordzee in 
verband worden gebracht met populatie ontwikkelingen in broedgebieden 
Verwacht mag worden dat het hier gesuggereerde onderzoek op zijn minst 
aannemelijk kan maken dat wijzigende visbestanden in de jaren tachtig 
hebben geleid tot een wijziging in overwinteringsgebieden van diverse 
soorten zeevogels en daarmee tot een dermate verhoogde sterlic dat 
broedpopulalies worden bedreigd 

Het lijkt in dit stadium minder zinvol om vervolgonderzoek diepgaand te 
richten op een eventueel oorzakelijk verband tussen visserij en wijzigingen 
in vispopulaties Deze complexe, en naar het schijnt onontwarbare materie 
hoort thuis bij gespecialiseerde visserij instituten Wel kan het hierboven 
genoemde onderzoek aanwijzigingen opleveren voor mogelijke relaties en 
daarmee voor zeer gerichte onderzoekvragen aan dergelijke instituten De 
kans op concreie resultaten neemt daardoor sterk toe Het geadviseerde 
onderzoek dient te worden uitgevoerd door een manen ornitholoog met 
gedegen kennis van vissen en visserij op de Noordzee De benodigde tijd 
voor onderzoek en rapportage wordt op ongeveer 32 maanden geschat 
(hooldstuk 7) 
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Iniroduciion 

1 INfROnUCTION 

1.1 Ilackground 

Beached bird surveys in the Netherlands and in the Federal Republic of Germa 
ny have drawn attention because of a dramatic increase in numbers of stranding 
seabirds in the southern North Sea since 1980 (Camphuvsen 1989, Vauk el al 
1987) A massive wrrck of auks was recorded on Britain's east coast in February 
1983 (Undeiwood 8. Stowe 1984), but mass strandings in winter 1982/83 in the 
southern North Sea were only one peak in a series running from 1980,81 to 
1985/86 It later '-ppeared that the 1983 wreck in Britain plus the southern 
North Sea strardings, were the peak event in a series of mass mortality incidents, 
particularly occurring in the southern and southeastern North Sea, with Kittiwa 
kes Rissn mdnctyln. Guillemots Una aalge and Razorbills 4lca lorda most 
notably involved (Camphuysen 1989) 

Nearly all beached auks and Kittiwakes on Dutch and German beaches 
were oil contaminated, but it was noted that the casualties were all severely 
emaciated (Camphuysen 1983, van Franeker 1983) Most stranded birds in Britain 
in 1983 were unoiled and were also severely emaciated Blake (1984) suggested 
that the British wreck was caused by local food shortages, perhaps exacerbated by 
adverse weather The observed mass mortality in the southern and southeastern 
North Sea could not be explained by changes in the occurrence of oil pollution 
at sea in these waters It appeared that more auks and Kittiwakes were wintering 
in the southern North Sea than previously (Camphuvsen 1989) It has been 
suggested that major shifts in the availability of fish in the early 19SÜs in several 
p.irts ol the North Sea led to a changing winter distribution of these species 

Cliiiiigmg full stocks Fastly developing commercial fisheries during this century 
have resulted in widespread increases in the exploitation of certain fish stocks 
(Bailey <S. Hislop 1978) Depletion of stocks of Herring Clupea harengiiy Cod 
Gadus motliua. Mackerel Scomber scomhnts and several flatfishes were the result 
of overexploitation in the North Sea and other parts of the eastern North Allan 
tic More recently, industrial fisheries have been developed exploiting also smaller 
species, such as Sprat SpraUus sprailus, Nonvay Pout Trzsopicrus esniaiku, 
sànii<ic\i Aiiuuod'iiidae. and Capelin Malloius MIIÜSUS usually for the lishmeal 
industrv Many fish slocks have suffered from the extensive fisheries during this 
century others were found to profit from the overexploitation of predatory fish 
The lishing industry also made large quantities ol fish available to scabiids as 
discards (unmarketable size) or olfal In all considerable changes have taken 
place in the fish stocks, and hence in the availabity of prey fish tor seabirds 
Changes due to environmental factors fisheries, or a mcxture ol these laclors 
h.ive Occurred and are still taking place 

Ff,h Slock depkuon and ilie effect on seabirds The adverse effects ol overfis­
hing have been obvious in a number of bird populations world wide Repealed 
breedinii lailurcs ol Puffins on the Loloten IsLtnds in northern Norw.ij (Lid 
1981) unsuccesslul recover, of the population ol Peruvian seabirds alter D Nino 
events (Dully 19S3 Nelson 1978), and population crashes of Guillemots in the 
Barents Sea (Vader et al 19SS) arc only some ol the most spectacular examples 
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On the oilier hand, fishery-induced changes in the marine ecosystem may also 
favour certain seabird populations (Anderson & Ursin 1977, Cohen et al. 1989, 
Furncss 1984a). 

In the North Sea, the exploitation of pelagic shoaling fish, especially of 
Herrings, is intense, so that commercial fisheries are in direct competition with 
seabirds (Furness & Ainley 1984). TTie rapid development of industrial fisheries 
on species which were previously not utihVed, such as sandeels, Norway Pout and 
Sprat (Goodlad 1989, Daan el al. 1990) and which are important as food for 
seabirds in both summer and winter, poses a serious threat for the seabird 
populations in the North Sea. Breeding failures in Shetland and Orkney in the 
198ÜS have shown that seabiids now find it difficult to catch sufficient prey for 
their chicks (Heubeck 1989, Monaghan ei al. 1989). The massive wrecks of auks 
and Kiitiwakes in the early 1980s are still largely unexplained (cf. Blake 1984, 
Camphuysen 1989). Indee'j, several reports indicate changes in wmtering distri­
bution or expanding wintering areas of these species (Camphuysen 1987, Harris 
1984, Peterz & Olden 1987). It seems logic to seek for the explanation of a 
changing winter distribution of seabirds in changes in the availability of food 
(declines in fish stocks or changes in the distribution of fish concentrations). The 
birds found dead in the Netherlands and in Germany (oiled and unoiled) were 
severely emaciated, which may indicate food shortage. However, Swedish birds, 
which were drowned in gill-nets, were very fat (Peterz & Olden 1987). 

Furness & Ainley (1984) listed the North Sea as one of the areas in the 
world where seabirds and fisheries interactions may be most intense. As threate­
ned seabirds they listed auks, terns and Kjtliwakes. Recognizing the significance 
of fish stock depletion by commercial or industrial fisheries for seabirds all over 
the world, the ICBP Seabird Specialists Group (1984: 778)) recommended 
research on fisheries competition as: 

(1) Research ihc naiure and significance of compeiiiion txiwecn seabirds and commercial fisheries 
especially In Ihc north Ailaniic, Peru and souih-uesicrn Africa. 

(2) Assess ihe consequences of overfishing lo seabirds and propose measures lo reduce these effecis. 

(^) Evaluate seabirds as poieniial indicaiors of the siaius of commercially fishable resources. 

In order to make sensible statements about infiuenccs of fishery exploitation on 
particular seabird species, Ainley & Furness (1984: 706) recommended to collect 
further information on: 

(1) 'Ilic iiiijx)riance of offal and discards in ihc breeding ecology of species ihat have adapicd to 
utilize \saste fish and offal from fishing vessels. 

(2) Diets and energy requirements of scatiirds, and ihcir foraging ranges and aclniiy budgets, y) ih.it 
scatiirds may be added to models of marine ecosystem energy flows 

(•̂ ) l,ong term influences of food availability on the dynamics of seabird populations. 

Finally, Furness & Ainley (1984) suggested that we should attempt to make 
fisheries biologists aware of the possible use of seabirds as indicators of fish stock 
condition, and of their integral role :is natural predators of commercially valuable 
stocks. 
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Introduction 

1.2 This report 

The effects of fish stock depletion by industrial and commercial fisheries on 
breeding success of seabirds and associated population trends have received more 
and more attention in recent years (e.g. Ankcr-Nilssen 1987, Heubeck 19S9a, Lid 
1981, Monaghan ei al. 1989, Nelson 1978, Neitleship el al. 1984, Tasker ei al. 
1989, Vader el al. 1988). However, studies on adverse effects of overfishing on 
wintering seabirds are scarce. There are reasons to believe that such effects may 
occur outside the breeding season (cf. Duffy el al. 1987). It was therefore 
concluded that the massive seabird WTCcks in the early 1980s deserved more 
detailed study. Tne Netherlands Society for the Protection of Birds formulated 
the following questions: 

(1) What are the energy requirements of wntenng seabirds m the Nonh Sea, panicularh the most 
abundant species (Fulmar, Gannet, Kiiiiwakc, Razorbill and Guillemot)? 

(2) How large are the fish slocks v,hich are utilized tiy these seabirds and what developmenls in 
siock size and fisheries have occurred in recent years fai leas'. iy70 until today)? 

(.I) How IS the fishery pressure on ihcsc slocks and what other factors influence the stock size? 

(4) Is there a clear link ber*een fish stock depiction by fisheries or fish siock changes due to other 
factors and Ihe observed seabird wrecks in the early 1980s? 

As it was unclear whether literature and unpublished data would proside 
adequate information to answer these questions, it was decided to conduct a 
feasibility study into the potential of a larger project. Questions that had to be 
answered by the feasibility study were: 

(1) Which species of fish are important as prey for the most abundant seabirds in the North Sea. 
how large are the fish laken by the respective seabirds and what age-groups are mainly utilized? 

(2) Whai son of data are available on fish stocks, fisheries and ihc fish distribution in the Nonh 
Sea? 

(?) What son of data are available on breeding seabirds in the Nonh Sea (population size, 
reproduction, irends)? 

(4) What -sort of data are available on populations of seabirds wintering in the North Sea"" 

(.S) Would It be possible to identify causal relationships between changes in fisheries, fish st(.x-ks and 
wintering se.ibirds in the North Sea? 

(6) Which recommendations can be made for a thorough study in terms of research planning, time 
budget and cvpcnses? 

The feasibility study was thus meant to find out what data are available rather 
than to fully explore these data. It was thought useful to limit this studv to the 
most numerous North Sea seabirds and their food. Emphasis was put on pelagic 
se:ibirds. especially those involved in the major wrecks of the 198()s (Kiitiwake, 
Ra,^orbill. and Guillemot). Secondly, attention has been focussed on the years 
1970-85 lor both seabirds data and information on fish stocks and fisheries. 
Thirdly, because of the limited time span for this feasibility study, not all 
import.iiil aspects or data sets could be studied and discussed in the same det.iil. 
The mam aim of this report is to show what data are available, what i.s missing. 
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2. METHODS 

2.1 Study area 

The study area for this project in the North Sea, defined as the area between 
51° and 62° N includ"ig the Shetland and Orkney Islands in the west and the 
Skagcrrak area in the east Attention in this preliminary report has been locussed 
on the southern North Sea (south of 5(>° N) Certain subsectors hase been used 
if necessary to pool data in larger units Subsectors for fisheries data ha\e been 
adopted from ICES when possible, while subsecurs for seabird data ha \e olten 
been adopted from SAST 

2 2 Selection or bird and fish species 

For this feasibility study the most abundant seabirds and fish were selected In 
later stadia of the work it was found useful to focus on 5 pelagic seabirds 
(Fulmar Fulinarus glacialis, Gannet Sula bassaita, Kittiwake Rissa indati^la. 
Razorbill Alca lorda, and Guillemot Una aalge) and on their main prcv species 
(Herring Clupea Iwrengiu, Sprat Sprallus sprattus. Cod Gadus morlnia Whiting 
Merlangius merlangus, Norway Pout Tnsoplenis esmarku, sandeels Amniod}iidae, 
and Mackerel Scomber scombrus) Terns were not selected because the) lease 
the North Sea in winter Lams gulls were excluded because most species spent 
much time on land or on inshore waters and because a significant part ot their 
diet at sea consists of offal and discarded fish The most pelagic gull species the 
Lesser Black backed Gull Lams fuscus leases the North Sea in siinter Shag 
Phalacrocorax anstoiehs and Black Guillemot Ctpphus grille were not selected 
because these arc sedentary species occurring mainly inshore Both species are 
rare in the southeastern North Sea Also the Puffin Fratercula arciica ssns not 
selected because this species is scarce in the southern North Sea 

Of the most abundant fish species in the North Sea only those species 
svere selected which were thought to be important as prey fish for seabirds 
Fl.'tfish, rays and sharks were ignored Besides looking at Herring, Sprat Cod, 
Whiting, Nonsay Pout, sandeels and Mackerel during the extensise sur^e>s in 
libraries, related species were studied briefiy but these were not ssorked out in 
this report In chapter 6 an evaluation of the species selection is presented 
together with recommendation for species selection in a future project 

The asailable data could impossibly be explored lully and it ssas .lierctore 
decided to examplify the p<Msibilities for future study by a more detailed analysis 
ol data lor clearly sery important species (Guillemot and Sprat) 

2 J Selection of data sets 

A lurther selection was the choice which data Sets were to be explored in deti i l 
and sshich were to be largely ignored at this snge for breeding seabirds 
attention was locussed on breeding areas svhere Dutch wrecked Fulm irs 
Gannets, Rittissakes and auks were thought to originate Britain and I r d i n d 
Iceland the Faeroes and Norway Inlormation on the small populations on ihe 
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Iberian peninsula, in France and in the Baltic was not (.ollected Many ol Ihe 
auks found in the Netherlands, considered to be representative of the 'pool' 
wintering in the southern North Sea, originated from Scottish colonies (Camp-
huysen in prep, De Wijs 1985) Therefore information on Scottish breeding 
populations was explored in more detail 

Seabird studies at sea are just set up in most countries around the North 
Sea and since data are largely unpublished, their use is restricted Most ol the 
inlormation on seabird distribution at sea had to be taken from Scottish, publis­
hed sources Seawatching and strandings data were mainly taken from Dutch 
sources because these were easily available Dietary studies selected for this 
project were prelerably those carried out in winter at sea However, lew studies 
ha\e been published and to obtain an idea of the seabird diets in general studies 
at colonies and in the breeding season were included 

In lisheries data, attention has been focussed O'l information on small lish 
and younger age-groups Much attention was paid to surveys earned out by 
fisheries institutes, particularly to the Internationa! Young Fish Survejs because 
of the time of the year (February) and the sort of information (distribution, 
densiues, length and age of fish) When surveys from fisheries institutes were not 
available or insufficient, an analysis of landings statistics was chosen instead The 
most recent accounts were usually selected, or older papers and proceedings in 
which an analysis of long-terms trends in fisheries statistics was presented 

2.-4 Sources of informatiun 

Sources of information were data collected by the International Council for 
Exploration of the Seas (ICES), published m reports papers and working group 
reports All data on fish stocks and fisheries used m this report were readily 
available in the library of the Netherlands Institute voor Fisheries Research 
(RIVO, IJmuiden) Information on seabird populations and trends in Britain were 
taken Irom published accounts and preliminary information available from the 
Seabird Colony Register and in Nature Conservancy Commissioned Research 
reports Inlormation on seabird distribution at sea was mainly taken Irom 
published work from the Seabirds At Sea Team in .Aberdeen Inlormation on 
seabird wrecks was taken from published accounts and from the hies ot ihe 
Dutch Beached Bird Survey (Nederlands Stookolieslachtoffer Onderzoek. iNSO)' 
Dietary studies were summarized, both from published work and unpublished 
studies (NSO files). 
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SvJbirds m the North bca 

3. SILAIURDS IN THE NORTH SEA: ABUNOANCF, TRLN'DS, DILT, ANO 
ItEIMNG HABIIS 

In this chapter, a description is given of data sets and publications dealing with 
the status of breeding seabirds in the North Sea. population trends and wintering 
distribution Access is given into the vast amount of papers and reports Chapters 
3 4-1 8 give a detailed description of current status and population trends, feeding 
habits and diets of five seabird species selected for this study The Guillemot is 
worked out in more detail to examplify what is a' ailable for one species Even in 
this species the analysis of the existing literature must be considered as prelimina­
ry 

3.1 Breeding numbers 

During the last 20 years most of the important seabird breeding areas in the 
North Atlantic have been visited and numbers of most breeding seabirds here arc 
now reasonably well known (Cramp el al 1974, Cramp &. Simmons 1977, UJS"! 
Cramp 1985, Croxall el al 1984. Lloyd el al in press, Netileship i Ev ins 19S5) 
Recent estimates of the numbers ot seabirds breeding in the North Sea have 
varied considerably, from 1,987,000 (including Baltic, Bourne 1978) to 4 527 UOO 
pairs (including seabirds breeding on Scottish and English west coast Dunnet 
1987) For 25 seabird species breeding in the North Sea area, recent population 
estimates have been summarized by Tasker el al (1987) and Dunnet el al (1990) 
as in table 3 1 The most common breeding species are Fulmar. Herring Gull 
Kittiwake and Guillemot 

The breeding numbers of seabirds in the North Sea have been studied quite well 
alter the pioneer work in Britain in the late 1960s/early 19^0b (Cramp ei al 
1974) Detailed mapping and counting ot seabirds have also taken place in 
Norway (Barrett &. Vader 1984. Rov 1984), Denmark (Danielsen et al 1986), 
West Germany (Becker & Erdelen 1987) and the Netherlands (SO\ ON 1987, 
Teixeira 1979) However, not in all countries regular monitoring programmes 
have been established to assess status and trends in recent years Seabird 
numbers in arctic regions are, generally speaking, not very well known and many 
colonies have not even been accurately censused, let alone that population trends 
have been assessed (Bakken & Mehlum 1988, Evans l9S4ab. Mehlum 1984. 
Mehlum & Fjcld 1987. Norderhaug el al 1977) The work on breeding populati­
ons in northv>'est^in Europe can be summarized as tollows 

Iceland with its vast seabird breeding population, is not yet counted completely 
Population trends arc largely unknown (Evans 1984b, Gardarsson 1982) 

Seabird numbers on the Faeroe Islands are not particularly well known Several 
reports indicate recent declines (Bloch & Sorcnsen 1983, Dare 1966 Evans 
1984b, Joensen 1966, Meltolte 1973, 1975 Olsen 1982. Olsen & Permin 1974) 
Status and trends of Danish seabird colonies are reasonably well known (e g 
Danielsen et al 1986. Dybbro 1985, Joensen 1982, Moller 1975, 19T9) 
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Scjbirüi m ihc No 

I Jbtc 3 I Rc'ccni esiimaies of numbers of breeding scabircJs on Non 
ul lyS7 jnd Dunnci ei a! 1990) •h Sci co.iMs (jiuT 1 ,̂ ;.cr ei 

Rcd-lhroated Diver Gana stelhua 
i'ulmdr Futmcmn glacidis 
Manx Shearwater Puffiniis puffmiis 
Slorm Petrel Hydrobaies pelagiciis 
Lejch's Pelrel Oceanodroma leucorboa 
Gannct Su!a bassana 
Cûrmorani Phalacrocorax carbo ccirbo 
Shag /•* ansioulis 
Arctic Skua Stercoraniis pdrasunis 
Great Skua S skua 
niack-headcd Gull lams ndibundits 
Common Gull L. cania 
Lesser Diack backed Guil / . fiisciis 
Herring Gull L argenianis 
Great niack-backed Gull L manntiS 
Kjtiiwake Ris^a tndaayla 
1 ilile lern Suma albtfrons 
Arctic lern S paradisaea 
Common Tern S hinmdo 
Roseate Tern S dougal/i 
Sand'Aich Tern S sundncensis 
Guillemot Una aalge 
Rj/orbrll Aka lorda 
niack Guillemot Cepphiis grille 
Puflm trnterala urcnca 
_lo(jl_(25 species) 

In Sonvay some very large colonies are not visited frequently, but m recetu 
>ears, partly in response to certain serious declines, much atteniion is paid to 
Norwegian seabirds, their status, trends, and breeding success (Anker Nilsscn ct 
al 1984. Bakken Sc Mehlum 1988. Barrett 1982, \98\ 1984, 1985. Brun !9o9. 

793 
307,599 

250 
> 1.000 
> 1,000 
•13,778 
2,222 

19,804 
3,194 
7,'!03 

129,342 
73 332 
49 311 

237,114 
24 436 

415 427 
2 335 

74,729 
61,487 

36 
30 547 

680 434 
73,115 
23,741 

225,957 

• mrllion 

pairs 
pairs 
pdirs 
pairs 
pairs 
pairs 
pairs 
pairs 
pairs 
pair* 
pairs 
pairs 
pairs 
pairs 
pairs 
pairs 
pairs 
pairs 
pairs 
pairs 
pairs 
individuals 
individuals 
individuals 
individuals 

individuals 

- J, ,,„^v,.ainjji ciianges ^ ...^o, a utiaiieu national 
monitoring of Kjttiwakes, Guillemots and Puffins was started in 1980 under ihe 
aegis o( the Norwegian Directorate of Wildlife and Freshwater 1-ish (Trondheini) 
Due to limited funds this work has been restricted to three m.im colonies RunJe ....J "wif. uas oeen restricted to three mam colonies Run^ 
(West Norway), Rost (Loloten) and Hornoy (North Norwa>) (Barrel! IVof) In 
broad terms, the population trends of breeding seabirds in N()r^va) in 19SI) were 
described as "positive" tor northern Norwegian colonics (0s t - r innmark) 'un­
known' in Troms and West-Finnmark, "problematic" in western Norway (More & 
Romsdal to Nordland) and "stable" in southern and southwestern NorM..iy (Koike-
stad 198-4b) 

In the ft/tU'ral Republic of Germany the status and changes in numbers ol 
seabirds are studied quite well and what is known is Ireiiueiulv updated (e •; 
liecker & Erdelen 1987, Berndt 1981, n e e i I9,<5-), ,\[oritz 1981), Prute 

.i'.x 198-4, I9W,, Vauk 1982, Vauk Heni.eli 
. Schrey & Vauk 19S6) 
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Stjt'irds in the iN'ürih Sea 

In the Nelheihinds, where only terns and gulls breed, it is hard to obtain recent 
updates of numbers and trends. Locally the situation is otten quite well known, 
but few general accounts appeared m recent years ( e g SOVON 1987, Tei\eira 
1979) More specific accounts can be found in regional avifaunas, but these ofler 
often rather old data Recent trends in breeding numbers and breeding success ot 
gulls and terns are published in various papers ( e g Arbouw 19S5, .\leininger 
1986, Nolet 1988, Rooth 1985, 1989, SOVON 19S3, Wanders 1985) 

The largest colonies of pelagic seabirds in the North Sea can be found in Greol 
Bnlain and Ireland. In recent years the British Seabird Group and the Nature 
Conser\'ancy Council have cooperated to recount all British seabird colonies for 
the Seabird Colony Register (Lloyd el al in press). Monitoring programme' have 
been developed to detect and measure changes in numbers of breeding seabirds 
and to describe (national) trends The monitoring procedures are now lairly 
standardized, taking account of ditferences between species, but substantuil 
problems remain in the statistical and biological interpretation of these data 
(Dunnet el al 1990) The most recent counts, and certain trends in numbers, can 
now be obtained via the Seabird Colony Register (in .Aberdeen) However, 
important trends and many of the new counts are published instantU in papers or 
Nature Conservancy Council Commissioned reports ( e g Benn, Tasker & Webb 

1987. Benn el al 1987, Benn, Murray & Tasker 1989, Benn & Tasker 1985. 
Beveridge 1986, Harris 1989b, 1989c, Harris, Wanless & Smith 1987. Heubeck. 
Richardson & Dore 1986, Heubeck, Harvey & Okill m p r e p , Llojd 1988, Llo>d, 
Tasker & Partridge in press, Lloyd & North 1987. Monaghan & Zonlrillo 1986, 
Mudge 1986, 1988, Mudge & Crookc 1986, Richardson el al 1989, Stowe & 
Harris 1984, Swann 1989, Wanless & Kinneai 1988, Wanless 1987, Wanless, 
Reynolds & Langslow 1983) 

Relatively new are studies to assess the breeding success of seabird populations 
on a regular basis, often in study plots (Anker-Nilssen 1987, Baber 1989, Barrett 
el al 1987, Harris 1989ac, Heubeck 1989a, Heubeck el al 1987, Lid 1981. Okill 
1989. Rikardsen 1984) It has been shown that breeding success can be extremely 
low or even nil for prolonged periods (Lid 1981, Anker-Nilssen 1987) betore a 
collapse in the breeding stocks can be noted Several seabird populations decrea­
sed when breeding success was reduced (Heubeck 1989a, Heubeck, Richardson & 
Dore 1986, Heubeck, Harvey & Robertson 1987) It has also been noted that 
population declines occurred despite good breeding success (e g Swann ei al 
1989) 

Refmnies ,\rikcr-Nilss<;n 1987, Anker-Nilssen cl al 1984 Arbouw 1985, Batxr 19S9 lîakkcn Sc 
Mehlum 1988, Darren 1982, 1983. 1984, 1985, Darren A Vader 19S4 Darren « ill 1987, Btcker & 
trdelen 1987. Denn 1985, Denn, Ijsker i Reid 1987, fienn ti al 1987, Henn. Murr.i> Oi. l.i^er 
1989 Denn JL Kisker 1985. Derndi 1981, Deverid^c I9S6, Dloch Ji Sorensen 19S3 Dourne 1978, 
Dronn A Netlleship 19*4, Drun 1969, 1979, Cüulson 1983 Cramp 1985 Cramp cf( il 1974, tramp 
i Simmons 1977 1981, Crovall n al 1984, Daniclscn « ii/ 1986, D,ire l'Xt(>. Dohvin ..<- Dühvin 
\'^H< Dunnci 1987, Dunnet « al 19'X) Dunnet & Ollason 1978, D>bbro 1985 I \ ins 19S4ab Heel 
1984 lolkesl.nd 19S4b Tolkcsiad follesiad & Valde 1084. van Trancker fi al l'\vo Gardarsson 
19.-.; GixJi) 19S5jb Golovkin 19,S4. Cniruhs 1984, Harris i989.ibc, Harris e/ al I'ls" ({.irMvf/ al 
1989 Heubcik 1989, lleubctk e( «/ 1986, 1987 in prep Hadson rJb') Isenmann f r o 77. Jixnscn 
191* 1982. lid 1981, Ilö)d 1988, 1 l0)d « al (in prep) t'uvd ..<. Nonh 19b7 MLhi.-,-n 19S4 
Mt-.ium i IjJd l".-,7, Meiningcr 1986, McUotic 1973, MoUcr 1975, 1''79. Monai,han ,<. /onlnllo 
|v^^ \loriu 1980. Mudge 1986. 1988 Mudge & Crc^kc 1V36, .Munkejord, I ülkedal oL Hjluirscn 
19sl Nelson I97S Nelllcship Ji. r.vans 1985, Nolel 1988 Sorderhauj 1981, Ni rderhiug lirun i 
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Molkn 1977, Okill 1989 Olljs j'i & Dunnei 1981 Olscn 1982 OKcn & l'^tmm 1974 IVulcr 1981, 
Kittnrdson « al 1989, Rit-urdscn 1984, Roolh 198 ,̂ 1989, Rùv 19M S-ilomonsm 1971 SOVÜN 
1987 19S8, Spaans & De Wu 1986, Siowe & Harris 1984 Sirann &. Vatler I9a7 Ŝ .̂l̂ n 19y; 
S»ann « u/ 1989, Tasker 1983, Tasker, Nfoore i Schofield 1988, Taux 1984, 19f>rt, ItMira 1979, 
Thomas 1988, Toll 1981 Tschanz & Barlh 1978 Vader & Darren 1982 Vauk 1982 V.iuk llenlzeli, 
b^hrcy & Vauk 1986, Wanders 19Ö5, VVanlcss S. Kinncar I9NJ, Wanlcss 1987, Wankss « «/ 1983, 
Ward 1987 

3.2 Migration and wintering 

S>stematic seabird studies at sea in the North Sea are relatively new W R P 
Bourne & T J Dixon have studied seabird distribution, particularlv in the 
northern North Sea, during 1971-73 Few published data are dvaiLihle Irom ihis 
work ( e g Bourne 1976), and those that have been produced are ol limited use 
tor comparative purposes (Blake et al 1984) It was not until 1979 that Ihe start 
was given for a new, much more S)stematic approach when the Seabirds At Sja 
Team (SAST) was founded (Blake ei al 1980) A very important step forw.ird 
meant the establishment of a uniform method of observing and recording birds at 
sea Irom a ship (Tasker ei al 1984) When their tinal report appeared, in 19S4 
(Blake et al 1984), the first true atlas of seabird distribution in the North Sea 
was .ivailable SAST 2 was the follow up for this project, mainly to till in gaps In 
the mean time more and more countries around the North Sea became intcre 
sted in systematic seabird studies at sea It was m the late 19S0s that Norwegians, 
Danes and Dutch researchers "set out to sea', and a wealth of information on 
the distribution of seabirds at sea can be expected in the near future few ol the 
data are now published, apart from the Scottish investigations m SAST 1 and 
SAST 2 ( e g Blake et al 1984, Blidberg 1986, Camphuvsen &. Platteeuw 19SS. 
Danielsen et al 1987, Durinck et al 1987, Leopold 1984, Tasker ct al I9S5 
19S6 1987), but man> more contributions m.ay be expected within the next lew 
years 

Besides ship-based surveys, seabirds are counted Irom the air ( e g Baptist 
1988, Tasker ei al 1987. Webb & Tasker 1988) and Irom fixed installations at 
sea ( e g Camphuysen et al 1982, Duxon 1980, Grimminger 1981 van dur H.im 
I9SSb Hope Jones 1979ab, den Ouden & Camphuysen 1983, Platteeuw el al 
1985, Tasker et al 1986) Results from a long established scheme in ihe Nelher 
lands, counling seabirds from the air in the Dutch sector of the North Sea 
(H J M Baptist, Dienst Gclijdewateren, Rijkswaterstaat), will hopefully be 
published soon This scheme, together with the much more recently started ship 
based surveys organised by the Club van Zeetrek-waarnemers (Camphuysen A 
Platteeuw 1988) and ihe Nederlands Instituut voor Onderzoek der Zee ( \ l i rd ik 
Leopold), can be important in the reconstruction of the apparently changeing 
st.itus of wintering seabirds in the southern North Sea in the late 19SI)s The 
Scottish (SAST) data provide information covering the early 19S0s and these d it.i 
are considered vital for such an analysis Unfortunately, the late 1970s were not 
or only poorly covered (ct Tasker et al 1987) 

Another important source of data are seawatching results Since 1973 
seawatching is carried out extensively in the Netherlands A first an ilvsis u is 
()ublished covering 1974 79 (Camphuysen & van Dijk 198^) and scver.il upd itcs 
h.ive been prepared since (list ol CvZ reports and pa|)ers in Vin di.r H im 
l9S8a) Ihiv set of dila c in be used to demonstrate differences in scibird 
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numbers in the southern North Sea between the 1970s and the 19S0s Seawat­
ching IS carried out in Britain, Denmark, France and elsewhere, but seldom on a 
scale and with an uniform approach which can be compared with the Dutch (e g 
Hope Jones & Tasker 1982, Meltofte & Fjaldborg 1976, many Danish British, 
Swedish, French reports, not listed here) However, also these sets may oiler 
valuable additional information on the wintering and migration of seabirds and on 
changing patterns Important sites of which data could be compared are 
Blâvandshuk (Denmark), Hondsbossche Zeewering (Netherlands), Cap Oris Nez 
(France), and Flamborough Head (England) 

Wintering populations are largely unknown because so few attention is g'ven to 
this aspect From densities, derived from systematic surveys at sea, it is possible 
to calculate the number of birds present in a given area Despite all eflort, 
complete cover of all of the North Sea area has not been achieved in anv year 
with ship based surveys, and estimates of the North Sea wintering populations 
from these surveys are therefore difficult to make It is quite possible however 
to select certain study areas where adequate cover exists and to calculate the 
number of birds in such an area 

Immigration into the North Sea is known to exist in winter as good as birds 
are known to leave the North Sea for wintering "grounds' further south or in the 
open Atlantic Ringing programmes could indicate to what extend immigration 
takes place or at least where the birds from different colonies can be lound 
outside the breeding season However, substantial ringing took place in very few 
of the arctic and subarctic colonies and little is therefore known from the 
wintering areas of important populations such as breeding birds from keland 
northern Norway and the Faeroes Estimates of the North Sea wintering popula­
tions are not simply "breeding adults + newly fledged birds + immatures of the 
North Sea stock, but these should also take immigration and emigration into 
account In each of the species account in this report the problems in assessing 
wintering numbers will be briefly discussed 

Riftrences Bapiisi 1988, Benn I98S, Bcnn <•/ al 1988 Iiij<e ,( al 1984, Blidberg 19!>6 BMke el 
al 19S0, 1984, Boer 1971, Bourne 1976, Bunon el al 19b7 Camphuvsen « al 19^2 Camphuvsen 
& van Dijk 1983 Camphuysen .Si Platlecuw 1988, Danitlsen ei al 1987 Divon 19bO Dunn^k el al 
1987 Grimminger 1981, van der Ham 1988ab, Hauje JL roinedal 1980 Hope Jones 1979 ib I lope 
Jones & Tasker 1982, Joins 1978, 1983ab, Lejper ei al 19S.3 Leopold 1984 Ntelicile JL 1 ilJborg 
19S7, Oliver 1976 den Ouden & Camphuysen 1983, I'lalleeuw « al 1985, Sthonan .9"8 Ijsker 
1980 Tasker & Pienkowîki 1987, Tasker el al 1984, 19Ss, 1986, 1987, Webb JL Tj-i.er 19t,S, Webb 
el al 1985 

22 Diet of seabirds 

Results of dietary studies are very important lor the project now proposed 
Unfortunately, most studies are carried out in colonies and thus in the breeding 
season The reasons foi this are obvious many se ibirds only return lo lind in 
that period and above that they carry "extra loads of food onshore to feed their 
chick Food samples at sea are in fact only obtained in sulficient quiniilies for 
statistical analysis by shooting (thus killing) the birds whereas on colonies m my 
food loads are simply dropped on land, can be (sbtained through regurgiiaiions 
or the contents can be seen, identified and even measured (weighed ^\LC 
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estimated by comparison ui lh bill length, Drent 1965, Gaston e>̂  .Nclllcship lySI) 
ui ihout e\en handling the birds Summarized lood samples in dietai-y studii.s can 
be obtained by (from Dunncl el al 1990) 

(1) s/toGfing (or other\*ise killing (tie birds dissccuon of alimeniary iraci e g /Vikcr Nils-scn Sc 
N\jard 19S7 Bierman & Voous 1950 Eriksiad & Vader in press Morejohn .r a/ 1970 1'L irson 
1968 Vauk & Jokele 1975) 

(2) ttuieciion of birds found dead on Ihe t)each, drowned in nets or in colonics (L ^ UUk^ el td 
I96S Campriu>5en in press, Vauk Henizeli & üachmann 1983) 
(1) iiomcich pumping Inmg birds (Gales 1987, R)an & Jackson 19hó) 
(4) colUciion of regiirgiiiiied food of disturbed or simply handled birds (some spccits ha\e a n itural 
lendenc) lo regurjiiaic in these circumstances eg Camphu>scn X van Fnnekcr 196-S. G ilbraiih 
19St \lariin I9t)9) flight netted Puffins drop any fish they are carrying (Hams S. Hislop ]97S 
Marlin I9b9 Vermeer 1979) 
(s) exuninimon of pellets or faeces (Hudson Si Furness 1988) 
(6) itirea obsenaiions in the Held (of food being consumed carried ftd lo chicks or dropped oi 
colonies eg Dirkhead & Nciiltship 19ó7, Bcnn 1985 Bevcridge I9t,â Bosuall I'lftO Bum U74 
Griifiihs 19ti4 Harris 1970 Harris &. Wanless 19Ss Pearson 1968 faskcr 1981 Phonias 198s 
Wanltss ei al 1983, Ward 1987 Watson 1981) 
All these methods have advantages and disadvantages but more inipoitantK it is 
\ c r \ dilficult to make comparisons between studies uhen dillercnl methods are 
used Studies of stomach contents by dissection ol the alimentary irict espcci illv 
ol birds lound dead rather than just killed are seriously biased towards slow 
digesting remains (otoliths squid beaks, Polvchaete worm jaws) while also among 
these remains ditlcrent rates ol digestion occur (Bradstreet 1977 Blake 1984) 
Recording the diet in the field, through direct obsei^-aiions ot leeding birds is 
restricted to da>light conditions, while the diet may change considerably at night 
in response to vertical movements towards the sea surface of zooplankton squid, 
or fish (Digby 1961) Some considerations necessary tor a correct interpretation 
ot sections dealing with the diet ol seabirds are 

Regiiipinied food Simples ot regurgitated tood provide insight into the list 
meal ot a bird When disturbed or handled several seabirds readily regurgitate 
(e g Ginneis , Fulmars), others must be forced to do so From personal 
experience with Fulmars 1 know that the regurgitated food is usually onK p irt ol 
the contents of the proventriculus 

Stomach pumping Studies of the diet through regurgitated matter alone is 
usually regarded as unsatisfactory (see above) and stomach pumping (or Wiier 
OH Lo id ing) the birds can be an improvement However in several species ( e g 
Procellariilormes) this method obtains only the contents ol the proventriculus 
while h ird and slow digesting items remain in the gizzard (Dunnet el ill I99()) 
The advantage of stomach pumping birds is that even remains thai are usuillv 
rapidly digested may be obtained ( e g zooplankton) in such a condilion that the 
size ol these small aniin ils can be assessed by direct measuring or by mc isuring 
essentiil parts (Bradstreet 19S0), without the necessity to kill the bird 

Pilkls Cormorants,sh lus skuas, gulls, and terns regurgitate h ird p iris as pdlcis 
( e g otoliths bones plastics etcetera) Tliere is a probability that onlv I irgcr 
otoliths ire regurgitated while snnll and Ingile otoliths mav he voided through 
the intestine (Duiinct c; nl 1991)) Great Skuas regurgit ite cvi.n the sin illcst 
s indeel otoliths while Ore it 131 ick bickcd Gulls void ill sindccl ololilhs in 
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laeccs while regurgitating otoliths trotn gadoids Hudson i . Furness 19S.b) 
Ololilhs Otoliths or ear stones, are unique ,n the sense that they are not parts 
ot the skeleton of fish, but integral and specialised hard parts of the acoustico 
lateralis system (Nolf 19S5) l o r stomach analysis of birds these otoliths are 
extremely useful, not only because they are olten the last remaining objects from 
the entire fish in the digestive tract, but especialK because they are uselul lo 
identity the llsh eaten to back calcul ite the size of this fish and to determine its 
age (Breiby 1985, Gaemers 1974, Harkonen 19b6 Jobling &. Breiby 19ïs6, Reay 
1972. Werner 1961) However, when the diet is studied through otoliths alone 
(either from pellets, faeces or stomach contents), one should realize that the size 
of prey items calculated trom otoliths can be unreliable because ot erosion 
(Uspenski 1958) Studies ot the composition of the diet are biased towards rela­
tively large otoliths such as otoliths from gadoids Ot some species otoliths are 
tiny or Iragile ( e g clupeids, Mackerel) and these are easily overlooked Brad 
street (1977) indicated that the number ot large otoliths (such as gadoids) lound 
in the gizzard is a reasonable index of the number of ingested fish onlv within 
12-24 hours of death 

Pier o'lclPro oiicbullne Tlie presence ot clupeid remains can be determined trom 
the presence ot pro- or preotic bullae (HI ike 19b3 Blaxter e'L Hunter iys2) The 
chance to tind these bullae is considerably larger than the chance to lind the tiny 
and fragile otoliths, especially trom small Sprat or Herrings ( \ S O tiles) Appa 
rently this is not very well known and therelore the presence ot clupeid is 
probably overlooked in many studies 

Zooplankion Most of the zooplankton is easily digested by seabirds and little or 
no (identifiable) remains are found in the digestive tract within tew hours 
Zooplankton is not usually carried in a way that field obser^ itions alone are 
sulficient to study the amount and species represented in the diet Stom ich 
pumping or shootingiilling are necessary to have an idea ot the quantities taken 
and ot the relative proportion in the diet 

One has to be careful not be too general about tne diet as this can change 
dramatically within a season or from place to place (Blike ei nl 19S5 Harris 
1984b) Just as Dunnet el al (1990) concluded Obtaining an accurate picture ot 
the diet of a seabird species throughout the North Sea would require regular 
(e g monthly) shooting of samples of at least 30 50 birds at a widt variety of 
localities Since this is not the present practice, our knowledge ol the diet ot the 
North Sea seabirds particularly outside the breeding season is extrcmelv 
Iragmented and incomplete 

References Arke Nilisen i NjgSrd 1987, Uenn 198S Bever dee 19S<) Biermin jt. V CXDUS 19^0, 
Uirkhead & Neii e^lip 1987 Bnke 19b3b 1984 Blake ••/ i/ 198s Bosvvall 1960 Brje.,ireet 1977, 
1980 Breiby 19ss Burn 1974 Camphu)scn in press Camphussen e?. van 1 raneker "'v> Oi:b> 
1961 Drent 196:> Duff) ,<. Jiekion 1986 Dunnet ef at 1'>X) Enksiad Jt. Vader in presj clemers 
1974 Galbrailh 1'53 Gales 1987 Gaston 3c Neiileship 19sl Gnfluhs 19M Har^o^en l'is6 11 irris 
1970 1984b liar J i HINV'P 1978 Harris & W inless U8^ Jobling i [ireibj UvS Marlin 1989 
Morejohn ef i/ i^'i Noll 198S Pearson I96(S Re iv 19": Rvan .<. J lekstin 1)-^ l-~K.r 1"S3 
l>lomas 1987 I . ^-iki i;^8 Vauk el Je-kele 197s V lak I'eTlzell .•> B ehmirn >N - Ven eer 
1979 Wanless R. -olds i I angslow 1983 Ward |9ö7 W ^ n I9M Werner 196t 
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3 4 I North Arianiic breeding population and trends 

Populaiton The north Atlantic population of the Fulmar increased spectacularly 
during the last 200 years (Fisher 1952) Recent estimates ot the North Atlantic 
breeding population are 160,000 pairs on the northeastern coasts ol North 
America (mainly Balfin Bay and Davis Strait, Broun & Nettleship 1984) 192.000-
226,000 pairs in Greenland (Evans 1984a), 305,639 pairs in Britain and Irel ind, 
100,000-> 1,000,000 in both Faeroe and Iceland (E^ans 1984b), 60 000 KJOOOO on 
Jan Ma>en (van Franeker el al 1986), 2500-3000 in Nor^vay (Barrett &. Vader 
1984), 30 000 pairs on Bear Island and 50,000-1 000 000 pairs on Spitsbergen 
(Esaiis 1984b). 12,500 on Franz Josefland and Nova>a Zeml>a (Golo\kin 1984) 
Very small breed numbers in France and in the North Sea on Helgoland ('ï6 nest 
sites) and in SW and W Nor^^ay (60 and 82 nest sues respectnely, E\ans 19S4b, 
Tasker ei al 1987) This brings us to a maumum estimate of just oser 4,000,(X)0 
pairs of Fulmars Houcver, it should be noted that the maxima gi\cn lor the 
Faeroes, Iceland and Spitsbergen are wild guesses rather than accurate asses­
sments and my personal leeling is that the 1,000,000 pairs as mavima at least lor 
the Faeroe^ and Spitsbergen, are e^ttreme overestimates Breeding in ihe British 
Isles (except St Kilda) was first recorded on Foula in 1878 and a rapid colonisa 
tion ot Britain took place since that time At present, the North Sea population 
IS estimated at c llOOOO occupied sues, with Shetland (208,314) and Orkney 
(63,158) as strongholds (Tasker et at 1987) 

Tiends The increase in numbers has stopped in several North Sea colonies in 
recent years In Orkney, numbers at study plots increased at 5 5'^'c per .innum 
until 1982, but have since decreased at 8 1% per annum until in 1985 ihev were 
almost back to the 1976 level (Benn et al 1987) In Shetland, the number ot 
chicks ringed in the Yell Sound islands has fallen by c 60"c. despite relatively 
constant observer effort Systematic studies ot breeding success commenced only 
in 19S5 in the archipelago, but a decline in chicks produced has been recorded in 
all stud) plots since that time (Okill 1989) Fulmar production at l u e colonies 
around the British Isles in 1988 was lower than in 1987 (Harris l9S9a) On 
Troup and Pcnnan Heads colonies (S Moray Firth), numbers increased during 
the 1970s, but stabalized and declined in the early 19SOs (Lloyd &. North 19S7) 
apparantly in response to lood shortages On St Kilda, a breeding site ol Fulmars 
since many centuries, seemed to increase again in recent years at 1 6'"c per 
annum (41977 sites in 1977, 62,786 sites in 1987, Tasker et al 19aS) In Nurs^ay 
in the early 1980s numbers increased in all colonies (Finnmark, Troms I oloien, 
Trondelag, More and Romsdal, Folkestad 1^84b) 

Reference! B.irrcil S. Vjdtr I9M, iicnn Tasker & Reid i9S7 lirown l'J7n liroun i Seiile^hip 
I'JM, L%ans lyS-l.ib i ishcr l')i2 ( oikesiad 19S4t) van I nnekcf Omphmscn A \lchlum I'lV) 
Culüvlcin I'JM, Harris 19t>9j 1 lo)d & Noriti 1987 Moriiz I960 Munkcjord ronn'jl ,v llll^orsen 
19.SI Okill 19̂ 9 Ollason X i:)umici I9b1 Tasker el til l'>'>7 I9->S 
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3 4 2 Estimates of North Sea wintering population 

Fulmars disperse from their breeding colonies in winter and although Fulmars arc 
migratory, a substantial part of the North Sea breeding population probabU 
remains in the North Sea in winter (Cramp &. Simmons 1977, Tasker el al 
1985a) Immigration from more northerly colonies (e g Faeroes, Iceland) in 
winter is likely to occur, but arctic birds (dark phase) are relativeK scarce in 
most winters (Tasker el al 1985a) Massive wrecks have occurred in winter with 
many arctic birds involved (e g Pashby & Cudworth 1969) and major fluctuations 
in their pelagic distribution occur at all seasons in response to weather and 
p'obably to feeding conditions The scale of immigration into the North Sea in 
winter has never been properly assessed and therefore estimates ol wintering 
numbers are rough guesses rather then sensible estimates Fulmars were found to 
occur in high densities in the northern North Sea in winter (Tasker et al 1987) 
and a regular exchange of birds with the open ocean can be expected Danielsen 
et al (1986) assumed that the entire northeast Atlantic breeding population, 
estimated at 4 000 000 individuals, could occur in the North Sea area \I> 
personal guess would be that indeed, wintering numbers of this highU mobile 
bird are millions rather than hundreds ot thousands, but that lluctuations occur 
at such a scale as a result from mass movements into the North Sea and out 
again into the North Atlantic, that we hardly can speak ot the North Sea 
wintering population" comparing one year with another From seawatching results 
and strandings data in the southern North Sea it can be concluded that Fulmars 
are more numerous as scavengers behind trawlers in recent winters (19S0s) than 
before (1970s), and that Fulmars occur in widely tluctuating numbers throughout 
the year but that they have probably increased as a wintering species since the 
1970s (Camphuysen 1987, 1989a, CvZ reports 1974-90) 

Références Camptiu>^n 1987, 1989a Club van Zficirclcv^aarnemers (CvZ) repons 1974 'X) Cr,.mp 
& Simmons 1977 Danielsen, Dunnck 4. S>kOT 1986 Fisher 1952, Pjshb) & Cudvionh I9(.9 Ia>kcr 
el al \9&',i. 1987 

3 4 3 Feeding methods and diet 

Fulmars feed on the surface and have only very limited diving capacitv (probibly 
less than 1 metre depth) Most of the lood is obtained when swimming peeking 
up small particles trom the surface In the arctic Fulmars rely mainl) on zoo 
plankton and small fish occurring near the surtace They are well known as 
scavengers behind trawlers and lasker et al (1985a) found that North Sea 
Fulmars feed extensively on fish oflal in winter Also North Sea Fulmars 
however, are quite capable to fish for themselves lor shoaling fish near the 
surface Around Foula, during davtime Fulmars are regularly splash diving on 
surface shoals of sandcels (Furncss &. Todd 198-1) Their feeding range is 
considerable and their diet is extremely varied In literature the lollowing is 
mentioned (relerences listed below) 

I ish CHsti offal O ididjc (S mhe Ling Clupeidae (Herring, Siomiatoidei (\l^Clophlf^r"le^) and 
Amniodylidle (Rams vipdeei)) 
Mollusca (Gasircfwja (Plert^poda (sea snails) Clione linuictna Limnctmi hnacina I > ,^,n(i vciii. i) 
and Cephilopoda (squid lenses and hcak.s via \vhale fieccs or by laking squid theirx M.S}) 
Chaetognattia (eg Sui^lllct elei;ins urciica) 
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Kro\£n (laken \ia hœl jelIjHsh ') , Givturumis lociisia, Euryporeui grylhis), SchizopixJT IbO{xxla 

flyn^nodora stacialis,Gnathop<uisia zo^a), Decapoda (Parap<i!tphaea sukanfrons) and crab larvae) yVinclida ( Polychaeia, Nereis spp ) 

Cücltnieraia (Siphonophores [Cicnophora Beroe spp, Scjphozoa (Cynnea capillata) and SOphomedusae) 

carrion (meai and blubber of whales {Monodon monoceros, Ihperoodon ampitllanis) ualrus Odobe 
mis ros/ruuiis seals, Polar Bear Unus muntunits, birds (Tuj-dus diacLs.fraierciila iln.tic(i Ftecn-op-
vu^euble maller as brovvTi algse Ascophyltttm nodosum^ Scurvy grass Cochlearta offtcinalis sedges 
Carex spp Alpine bisiorl Fotygontwi \ntpanim, Poteniiita spp Common sorrel Huniex lueioia 
gru and plasties and finally Fulmars ha\e been seen drinking floaiing uhale or Iish-oil at sta 
Tins I at is incomplete, my own unpublished studies in arctic waters show ih,it 
man> species of fish and plankton can be added, but it gives an idea ot the 
catholic feeding habits of the Fulmar Within the North Sea much ol its diei is 
thought to consist of offal and discards TTie competition behind fishing boats is 
considerable, leading to the establishment of a dominance hierarch> In the 
northern North Sea, Fulmars are dominant and obtain almost all the ollal 
(Hudson I9S6) 

Breeding season fulmars on Foula (Shetland) were evtensively leeding on 
sandeels during 1971-80 and breeding success was good In all, the identified food 
samples regurgitated by Fulmars on Foula in these jears comprised by Ireqcency 
of occurrence of sandeels (72 3%), offal (13 6%), pelagic zooplankton (10 7 ^ 
mainly Euphausids), cephalopoda (0 6%) and paper, plastics and püKst)rene 
(2 8%, Furness 1983) In 1988, when breeding success was poor and sandeels 
were largely unavailable for surface feeding seabirds, they relied mainly on 
discards and sandeels comprised only 3 % of their diet (Furness 1989b) In a 
comparison between diets and feeding of Fulmars breeding on St Kilda and on 
Foula It was found that the first relied mainly on zooplankton, the latter on fish 
(mainly sandeels, Furness & Todd 1984) The dietary overlap between the tuo 
colonies was only 1-1% by species composition Herring or Sprat were the onK 
fish found in diets on St Kilda, while on Foula 100% consisted of sandeels 
Benthic invertebrates occurred rather frequently on St Kilda but u e r e not lound 
on Foula Fowler & Dye (1987) recovered sandeel otoliths from Fulmars 
breeding on Shetland in 1984 and 1985 and estimated that sandeels ot .i si/e 
range 6() 160 mm were taken Comparison with other studies showed that 
sandeels taken by Fulmars were slightly smaller than those taken by Great Skuas 
but slightly larger than those picked up by Arctic Terns There was considerable 
overlap m the sizes of sandeels captured by Fulmars and fishermen, with a 
tendency for Fulmars to take the smaller end of the distribution range 

Nan breeding season Tasker el al (1985a) found that Fulmars fed extensivelv 
on fish ollal in winter and that the distribution ot this species al sea outside ii'̂ e 
breeding season has to be considered in relation to the activities of the fishing 
industry Behind trawlers Fulmars are mainly interested in ollal Discarded fish 
wis only swallowed whole when very small .Alternatively, when there was a lu'l 
in the discharge ol ollil lulmars ri()ped open the bellies ol disc.irdcd whole fi^h 
to Iced on ihe liver and guts (Hudson & Furness 1989) Tlie median length ot 
c\perimcnt illy discarded fish in a study in Shetland in summer 1985 was 28 cm 
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tor Haddock and 29 cm for Whiting Tlie mean length ol these fish known to 
have been swallowed whole by Fulmars was 23 0 ± 0 36cm for Haddock (range 
15 30 cm) and 24 1 ± 0 56cm tor Whiting (range 14-29cm, Hudson & Furness 
1988) Hudson & Furness (1988) described which discarded fish were selected 
(species and size preferences) Few flatfish were taken and Red Gurnards prosed 
to be less popular than Grey Gurnards, Whitmg, Haddock and Norway Pout 
From personal obsep/ation I can add that discarded Herring and Sprat is readily 
taken by Fulmars and often swallowed whole while gadoids ol the same size is 
ripped apart 

Preferred fish species and size Although an omnivore, the Fulmar in the North 
Sea area is likely to depend largely on fish as food As an offal eating seabird 
the size of fish is of little importance Fulmars are known to rip larger prey and 
carrion apart into pieces they can manage From British breeding locations it is 
knosvn that Fulmars can rely on sandeels and clupeoids Sell captured fish are 
rather small, probably less than 20 cm long, shoaling species occurring near the 
surface Gadoids and clupeoids are preferred from discards above flatfish and 
gurnards 

References Bauer & Gtuiz von Bloizheim 1966, Boswall 1960 Bradsireei 1977 I97S Brwn 19-0 
Camphujsen & van Franeker 1988, Coiiam & Hanson 1938 Cramp A Simmons 1977 C r,inp 
Bourne & Saunders 1974, Demeniiev & Gladkov 1931 Duffey i Serseani 19s0, fisher 19s2 
Fowler & D)C 1987, Furness 1989b, Furnca & Todd 1984 Harrison "i9&4, llarlle> JL 1 ish r̂ 19Î6 
Hudson 1986, Hudson & Furness 1988, 19S9 KOhler 1820, Kollholf 1901 De Korie 19-2 
losenskiold 1964, Malmgren 1864, Marlens von Hamburg I67s Munsierhjelm 1911, san Oordl 
1921, Ousialel 1898, Palmer 1%2, Salomonsen 19s0, Scorcsb) 1820, Slou 1916, Voous 1949 
Wiiherby « d 1940, Zelickman & Golovkin 1972 

3 5 Gannet Sitla bassana 

3 5 1 North Atlantic breeding population and trends 

Populauon The eastern Atlantic population held 84 9% ot the total North 
Atlantic Gannet population of c 263,200 sites in 1984-85 The Ganneis 
stronghold is Scotland, with tvselve colonies including the largest Gannctn, in the 
North Atlantic (St Kilda 50,KX) occupied sites) and major colonies on Ailsa 
Craig (22 800 sites) and Bass Rock (21 f)00 sites) Population estimates ot the 
Gannet for 1984 85 are summarized by Wanlcss (1987) as follows (occupied sues 
unless otherwise stated) France 4,600, Channel Isles 3 850, Ireland 23 950, Wales 
28 600, England 530, Scotland 132 130, Faroe islands 1 980, Iceland 25 490, 
Norssay 2 300 nests Ttie E.ist Atlantic population w.as estimated at 223 4(X1 The 
West Atlantic population amounted to 39 800 pairs (Eastern Newfoundland 
11937, Gulf of St Lawrence 27 8'i5) Adding these figures the world population 
can be estimated at 263 200 sites 

Ihe North Sea holds six colonies, estimated at 44 (XX) pairs or 16 7% ol 
the world population (Tasker et al 1987 Wanlcss 1987) Large colonies are 
situated on Noss Shetland (6 900 occupied sites) Hermaness Shetland ( 14 4lX) 
sites) and Bass Rock (mentioned above) Small colonies are lound on Foula 
Shetland (210 sites). Fair Isle. Shetland (138 nests) and Bempton Clills, England 
(530 sites) 
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Iwncli The North Atlantic Gannet increased oser most of its range during this 
century (Nelson 1978, VVanless lya/J In Britain, Ireland, Franco and Ch innel 
Islands the numbers are still increasing, but with a slight decrease in rate as 
compared to 19-19 69 In the Faeroe Islands the numbers are more or less stable 
since 1960 Norvvay is colonized quite recently (1946 first breeding) and numbers 
are increasing rapidly Vew colonies are still being founded in Nor\iay at inter­
vals, but the total population is now growing at a louer rate than between 1950 
and 1970 In Canada, population trends are variable, with some colonies increa 
sing, but others stable or decreasing All in all the North Atlantic popul.iiion is 
still increasing (2 0% per annum from 1969/70 to 1984,85) The Gannet populati­
on has increased during the widespread collapse of the Herring and Mackerel 
fishery (Wanless 1987) Breeding succes is still unchanged in ShetKind in recent 
years, paralleling the increase in occupied sites (Okill 19S9), despite the reduced 
availability of sandeels. 

1 5 2 Estimates ot North Sea uintcring population 

G.inneis. especially juveniles and immatures, are highly miuratory and the 
m.ijoriiy ot the .North Sea population is known to leave lor the uinier Young 
Gannets move as tar south as West Alnca and the mediterranean, while older 
birds usually stay m the Bay ot Biscay, the English Channel or in the North Sea 
(Nelson 1978) In mild winters substantial numbers ol Gannets are sometimes 
found to stay in the immediate vicinity ot the breeding colonies (ct Robinson 
19i5) Usually, however, Gannet densities at sea in winter (Nov Feb) are ver)-
low and immatures are virtually absent until May (Tasker el nl 19S5b, 19b7) 
There is no evidence that Icelandic or other more northerly breeding Gannets 
use the North Sea as an important wintering area and we may iherelore expert 
the wintering population being considerably less than the breeding population 
Considering that at least all imatures have lett the North Sea, the wintering 
population may be as low as some 10,000 individuals or perhaps even less 

Itifeiiitcei Camphu)sen IWOa, Leopold *. Plaiiccuu. 19S7 Lirduren lOSs Ntlson I'J^S Rohin-.,>n 
191s Schrcy Ji. Vduk 1987, Tasker el ,:l 19öib 1967 

3 5 3 Feeding methods and diet 

Gannets are plunge divers which occasionally perform opporlunislic dives Ihese 
dives are either suddenly, or they first rise slightly even hover, and Ih.in disc 
When real!) among fish they dive from various heights (sometimes trom over 50 
m heigth) and angles and immediately betorc entry they told their wings h u k 
entering the water like an arrow The ma.\imum depth reached with this iiicihod 
IS prob.ibly no more than 10 or 15 metres, either or not .uded by swimming with 
half-open wings in search for prey, and usu.illy less than 5 metres It is quite 
certain that Ganneis dive at r.indom. and then strike or tollow fijh when under 
water It seems likelv. and c.in be seen at times, that fish are seized ,is the bird 
comes up Irom below them flie impact ot the plunge dive nia\ well dazzle .ind 
disorientate the shoals ot fish lor a while The tlsh is usually swallowed under 
w.iter. onlv l.irge inJnidu.ils ,ire brought to the surtace and Gannets rarely lake 
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wing with their prey still in the beak Gannets ol ten dive solitarily, but the pure 
white plumage of the Gannets, together with its spectacular diving pertormance, 
are ettective social signals, attracting other Gannets and other seabirds to the 
fishing area Scores of a number of lens of Gannets, or even many hundreds, 
nny assemble in areas with good fishing (mainly from Nelson 1978, 1980) 
Recorded prey species in the East Atlantic Ocean are (trom Martin 1989, Nelson 
1973, Reinsch 1969) 

Herring Chtpea liiirengiu, Sprat Spnunis spr^.iis, P.[chard Clupea pilcharda, ^i\^â tlosa spp, 
Anctiovy Engraulis encra.ucotiis, saln-onids Sujino spp Smelt Osmenis eperhmiis, Capelin \/a//o-
nts \ilIosiis, /Vgcnime Argt^nlina spfnraena. Greater Argenunc Argennna SJILS, Cod Gadtu 
tnoHiun, Haddock SlchmogriinmiL' aegUfiniis, VVh.ling ^ferlllngliiS imrkmgiis Blue Utiuing \/i-
cromesisnis poituusou, Poor Cod Tmoptenis mirunis, Norv̂ ay Pout Insuptenis esinirkii Bib 
Fnsopienis /itjciw, Pollack Pollf chtiis pollttchms Sautie Foltachtiu urens, [mo \toha spp, Hake 
Merhiicitis metlucciits, eelpout Lycodes spp, Garlbh Belong belone. Red-fish Sehuies iminmis 
gurnard Tngla spp, Red Gjrnard Asptingia c.c i!us Scad früclinnts trnchunis, sea breams 
Pagelltis spp, mullcis Midltis spp, Caifish An,j-}tici,as lupus, sandeel Ammodxies spp Mackerel 
Scomber scombnis. Plaice Fletironecnis pliilessa Dab Linumdii Itmanda, Lemon Sole \lt(.rosionms 
km. Long Rou^h I3jb Hippogtossoides phuessu.„es 

Not all fish IS necessarily caught by Gannets themselves they are well known as 
trawler attendants and readily take discarded fish Part ot their success in 
obtaining discards is due to their ability to dive deep tor tish that has already 
sunk (Hudson & Furness 1989) Gannets are rarely observed to take oltal 

Breeding season The maximum fishing range during the breeding season is 
estimated to be at least 170 nautical niiles ("120 km. Nelson 1978) Tasker ei nl 
(1985). however, found that fishing trips ot North Sea Gannets rarelv exceed 80 
nm (150 km) and that most trips are below one-third ot that distance Martin 
described the changeing diet in Gannets breeding on Hermaness, Unst Shetlands, 
during 1981 88 and tound that sandeels was the only species in respectivelv 90^^, 
62^0, 37%, 15%, 14%, and 6% of the 1981 S3, 84, 86, 87, and aS identitiable 
bolus samples (regurgitated matter) Herring, and to a lesser extent g.iJoids and 
Mackerel, gained importance in the Gannet diet, particularly alter 19S6 In 
Gannet chick regurgitates on Sula Sgeir in June 19Sb sandeels predominated 
(percentage ot occurrence 75 6%), with occasionally Blue Whiting (S 9''i ) 
Herring (4 4%), Argentines (2 2%), Rcdnsh (2 2%) and unidentified tish (Bcnn 
el al 1987) 

Non breeding season Winter life ot Gannets is nomadic .Adult ind immatures 
have been observed attending the North Sea Herring fieets in Oct and .Nov and 
wherever they find large shoals ot Sprat (trom the English Channel to bevond 
the Moray Firth), feeding Hocks ot several hundreds strong may be seen during 
winter (Nelson 1978) In a mild winter when fish was abundant, manv Gannets 
were tound not even to leave the Bass Roek (Robinson 19'!5) 

The spawning slocks of Herring declined all over the North Sea to a 
minimum in 1975 (Corten 1986) Northern North Sea Herring incre.ised again in 
the 19S0s alter the closure ot the fisher, Pne breeding Herring stocks auiund 
Shetl.ind rem.iin tairly dispersed until Jul. when ihe fish congregate in dense 
shoals prior to spawning in .August and September (Tasker et al 19s^b) These 
spawning fish are 25-35cm or longer, and large shoals would provide ideal tood 
tor Gannets .Also the central and southern stock have increased cons.derablv 
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aller ihe minimum in the mid seventies Exceptionally large numbers ÜI Gannets 
in autumn in Dutch inshore waters in 1979, 1985, and I9S6 were apparently 
attracted by large quantities of Herring (Leopold &. Platteeuw 1987) Tasker ei 
til (19S5b) recorded an apparent delay in the southward migration in the sout­
hern North Sea in Oct and Nov It seemed likely that the Gannets were enploi-
ting concentrations of Sprat and sandeels occurring olf eastern Scotland and 
northeastern England 

Preferred fish species and size Nearly all common North Sea fish have been 
recorded at so.-rie time, but pelagic shoaling fish as Herring and Mackerel are the 
Ganne t s main food fish, with Sprat, Saithe and sandeels being also important 
(Nelson 1978) Gannets can handle rather large fish and may utili<!e older age-
groups ot gadoids and Herring that other seabirds can possibly do Fish ot over 
30 cm length are easily swallowco (Hudson & Furness 1989) 

References Ticnn ei cil 1987, noddipjion 1959, Concn 19S6 fnescn el al |0S6, Hudson i 
furness I9S8 I9S9, Leopold & Pla'iecuw 1987, Martin l9S9ab, Monievecclii I9S6, Nelson 19'^, 
19S0, Okill 1989 Reinscli 1969 Robinson 1935, Ijsker « a/ 19Ssb Wanlcss I9S4 

3.6 Ki t tmake Rissa tndnayla 

3 6 1 North Atlantic breeding population and trends 

Popiilniion The total North Atlantic breeding population of the Kjttiwake can 
roughly be estimated at 1,500 000 5,000,000 pairs, with some 1-10,000 1.150,000 
pairs on Greenland (Evans 198-4a), 20-4,00<) pairs on northeastern North America 
(Brown & Nettleship 1984), 570,000 pairs in Britain and Ireland, 10,000-1 OOOÜÜO 
on the Faeroes, 100,000-1,000,000 on Iceland (Evans 19S4b), 10 000 pairs on Jan 
Ma)en (van Franekcr el at 1986), over 200,000 pairs on Bear Island (Evans 
1984b) 510,000 pairs in Nonvay (Barrett & Vader 1984), 100,000 1,000 000 on 
Spitsbergen (Evans 1984b), and over 100,000 pairs in the USSR west ol Novava 
Zemlya (Golovkin 1984) Comparatively small numbers breed on Helgol.ind, in 
Denmark. Sweden, France, and Spam Within the North Se<\ an estimated 
415 000 pairs ol Kjtiiwakes are breeding (Tasker el at 19S7) 409,000 on British 
North Sea coasts, 3310 on Helgoland, 2580 in Norway and Sweden and 411 in 
Denmark 

Trends The population trends lor Kittiwakes are unknown over much ol its 
range Evans (1984b) indicated large increases in East English, Danish, Helgo­
land's, and French colonies, but stable or declining populations in areas where 
more substantial numbers are known to breed, particularly on the Faeroes and in 
the Irish Sea Barrett & Vader (1984) described ^n increase in Norw.iv during 
1964-76 and that since that tune several colonies were declining ( e g Rost, 
smaller colonies in Ironis) The Runde population tell from c 1(X)(X)0 pairs in 
1960 to just over 50,000 pairs in I9S0 However, 50 colonies in Sor V'aianger 
North Norway, were censused during 1975-83, and the total popul.iiion was tound 
to increase by A-S'^c per annum (Barrett 1985) The relatively small popul.ition in 
Sogn and Fjordane (SW Norway), there established in 1955 increased rapidly it 
lirst but IS now lairly stable at 20(K) p.iirs (Godo 1985) Ll0)d el al (in picss) 
indic He ih It numbers m Britain and Ireland are still increasing, but more slowly 
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than belore 1969 The Kittiwake population in Britain and ireiand was estimated 
at 536.700 pairs for 1985-87 (Lloyd el al in press) compared with 446 700 pairs 
m 1969-70 (Cramp el al 1974) Coulson (1983) remarked that after the spectacu­
lar increase through this century, marked regional variations in trends could be 
noted in the late 1970s Numbers were still ris ng in the North Sea, but declined 
overall along the western seaboard T-'-nds in Ivitiiwake numbers at regularly 
monitored colonies varied Most colonies were increasing at least up to the late 
1970s and subsequently stabalized or declined. Shetland colonies (excluding Foula 
and Fair Isle) were decreasing during 1976 86 and increased 1986-87 (Heubeck 
19S9b) On Foula the Kittiwake population decreased during the earlv 197()s to 
1982 (Furness 1983) On Orkney on 5 studied colonies numbers declined during 
1976 85 (Benn el al 1987) Five Caithness colonies were rather stable during 
1980-87 (4 declined, not significant, 1 increased, significant, .\Iudge 19s6). colo­
nies on Troup Head increased during 1979 83 and decreased 198'! 85 (Lknd & 
North 1987) Firlh ot Forth colonies increased at 4"^ per annum during 1959 86 
(Harris et at 1987), St Abb's Head increased 1976 85 (Da Prato 19S5)"an 
increase was recorded on Canna up till 1982 (3-5^c per annum), and a decrease 
since that jear (-4 7'~4 per annum, Swann & Ramsav 1956) By 1989 numbers 
were back at the 1975 level (Swann 1989) Also on the nearbj Muck numbers 
declined during 1982 86 (Dobson & Dobson 1986) Kittiwakes on Lund> declined 
during 1981 86 (Davies & Price 1987), and 6 Waiertord colonies decreased while 
one increased 1974-84 (McGrath & Walsh 1985) Numbers on St Kilda fiuctuated 
since 1959 (7770 nests in 1959, 11485 in 1969, 5846 in 1977 and 7S29 in 1987, 
Tasker ei nl 1988) On Helgoland, in the German Bight, alter the recolonisation 
in 1938, an increase was witnessed ot 3 1 % per annum during 1952 62 15 5'T; per 
annum during 1962-72, and 19 5% per annum during 1972 S2 (Fleet 1984) 

Overall conclusion seems that Kittiwake colonies showed rather eonsistent 
increases in virtually all colonies until the middle- or late seventies tollowed b) 
decreases or unstability in many colonies since about 1980 

Rtfer^nces I3arrcll 19f>S ÜJrrclt & Vader 1984 Benn, Tusker el. Reid 19S7, litostn .'̂  NtUk^hip 
19SI, Coulson 1961 1981, Coulson &. Thomas 198'), Cramp Bourne JL Saunders 19"4 Oavies .S. 
Price 1987, Dobson & Dobson 1986 Evans 19S4a, 1984b reel 1984 van rranei.i.r et tl 1986 
Turner 1981, Gcxio 198Sa, Golovkin 19S4, HSkansson 1979 Hams Wanless A smilh l')iî7, 
Ileubeck I989ab Heubeck, lljfxcy & Robertson 1987, lleuc^^^, Rutiardson &. Dore l'>s6 Llosd X 
Norlh 1987, I lojd Maitiiasson 1968, Tasker .S. Parlridce in press MacGraih i. Walsh l"8s, Mudje 
1986 Da Praio 19SS, Suann 1989, S«.ann Sc Ramsa) r9S6 FaAer el til 1987, 19>8 VVv.oiler i 
Coulson 1977 

3 6 2 Estimates of North Sea wintering popular,on 

Estimates ol the North Sea wintering population are dilficult to give There must 
be a considerable immigration in winter ot Kjttiwakes troni the LSSR Norway 
and perhaps other (arctic) breeding areas into the North sea ( e g V auk A Jokele 
1975) while many British Kjttiwakes are known to etoss the Atlantic (Coulson 
19ö6) Danielsen ei ij/(1986) estimated that O\CT 2 "50(XX) Kittiwakes (i e total 
Northeast Atlantic breeding population) could recur in the North Se i but their 
assumptions are not at all clear In summer the kittiwake is thought to he the 
most numerous North Sea breeding species (Dunnet el al 1990 see t ible 1 1), 
with over 81X1,000 breeding adults There are manv reasons to believe that .ilso m 
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winter the Kitli^ake is one of our most abundant seabirds (Tasker ei al 19S7) 
with probably a population of several millions rather than nundreds ot thousands 
of individuals 

As a wintering bird in the southern North Sea the Kjtliwake is thought to 
have increased considerably after winter 1979/80 M a beached bird the kittiwa 
ke increased suddenly in the early 1980b in the Netherlands in Belgium and in 
West Germany (Camphuysen 19S9a) Mu^^'ve wrecivS were recorded in I9S1 
198"!, and 1984 in this area and in 1984 Kittiwakes .vere found wrecked in 
southern England, in France and in Portugal The increase as a beached bird was 
thought to coincide an increase as a wintering species in the southern North Sea 
This suggestion was confirmed by seawatching dat) (C\.Z ' les) and general 
impressions' of numbers present along the coast in winter Camphussen (19S9a) 
suggested that a substantial part ol the Kittiwakes washing ashore m the Nether 
lands originated Irom arctic, or at least non-North Sea colonies More recentU 
post Hedging wrecks were witnessed in late summer with newl) (lodged kittiwakes 
in starved condition dying on Continental beaches (Camphu\sen l9S9b) Tlicse 
wrecks are probably not related to the winter wrecks ol the eirly 19S0s and 
numbers of wintering Kittiwakes appear to have dropped again "i the laic l9Sl)s 
(interpretation from strandings data NSO liles) 

R^finnces Ainley &. Moreel 1978 Betsenddhl 1966 Camphujscn lyö9jb Coulson 1 >66 
Djnielsen DuniiLk S. Skov 19S6 Den-erucv 19n Dunnei ei iil IwO Drur̂  19^a Jo^^-^n \)6\ 
Slujs 19b2 TiAu il ni lObl Vauk .i Jokcle 197'i 

"i 6^ Feeding methods and diet 

Kittiwakes feed exclusively on the surface and ha \ e a very limited (plunge ) 
diving capacity (Belopol skii 1961, Burtt 1974) Feeding occurs when settled on 
the water, but most olten the Kittiwakes continue living around and iround 
pecking small pirticles from the surface (Cramp &. Simmons 198) Hirtlev d 
Fisher 19"i6, Nelson 1980, Vauk &. Jokele 1975) In local upwellings Kittiwakes 
can be seen feeding on zoöplankton either by swimming and dipping or bv living 
around a id (shallow) plunge diving, in vast numbers (Hartlcv ^t fisher 19id C J 
Camphuvsin) Pearson (1968) lists otfal from fishing boats surlace living 
crustaceans and fish (post larval and juvenile Gadidae Ammodvtidae and Clupci 
dae) as most important food items Recorded species of fish in the Kittiwakes 
diet are (Belopol skii 1961 Galbraiih 1983 Vauk & Jokele 1975 Vauk Hcnlzelt 
«̂. Bachmann 1983) 

Hcrrmg Cliip^a hu-en^is Sprat Spratnis iprnims Capt-lin Malhitis \tlluuis Ccxl Cultis i>u rhiu: 
Arctic f od nono^iidits mi la Ujddock '^feliinogrii/mniLi it^^lejt/iiis VVhiung \Ur!tn^iLs nierltn 
i^its niuc Whiting Uicroinmsiiu potilasioii Poor Cud Imoplims inmniis Dib Iftst/unu liu 
citr Snihe /^D//cyji/ij w/.̂ m. Viviparous blenny Zoiirci^s \i\ip(inis Siivkltback Ciisit-rosum 
ticiiLoiiiS Nilsson s Pipefish S\^na!inis ros>elIiina unidcnt pipctisti S\^ itinis spp Ihx^knose 
!^o/i(/j (. ItipliriiLnis Lumpsucker Cyclopunts liimptis (c^^s) Uuttcrlish I'ltolis ^tnrwlitis s,inJi.i,ls 
tlnjruhhtiiil le Circular sandttl Hyperopltis IttnccoliiiiLS lijnd Ootiy Pimtnl^i hi^ttis ittmitttis 

Invertebrates are reported Irequentlv but usually in smaller qu inliiics hv weight 
including Ch letognaths \Iollusca Crustacea Polvchietes .ind C^hinodernis 
Plastics grid Vegetable matter, insci-ts s ind crushed pieces ol biv ilves M\d A\\ 
sorts ol litter are trequently encountered in Kittiwakes stom i^hi (Belopol skii 
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1961 Camphuysen 19S9b, Vauk Hentzelt & Bachmann 1983 \ i .k \ Jokele 
1975 NSO files, C J Camphuysen) 

Kittiwakes are often seen to follow trawlers in large numbers and several 
reports indicate their preference for both discarded fish (up to \^0 mm Watson 
1981) and otlal (Benn et al 1988, Hudson 1988 Tasker et al 19S7 W iison 
1978 1981) Kittiwakes are seen to feed on olfal and discards during towing and 
sorting but they also take all sorts of small particles, dipping when the net is 
being lifted (Watson 1981) Attempts to swallow large fish usualK resulted in 
robbery by larger Lams gulls or skuas The competition behind t'ihing boats is 
considerable, leading to the establishment ot a dominance hierarchv Larger 
species tend to steal fish from smaller species and therefore Kittiwakes and 
Herring Gulls are often being excluded from access to discarded fish (Hudson 
1986, Hudson A Furness 1988) Harvev el al (1989) found trawler waste in 21% 
of the food samples of Kittiwakes breeding at Fair Isle in 1989 nothing other 
than sandeel had figured prominently in their diet oefore that vear Although the 
feeding of bread may attract Kittiwakes, and although it mav indeed be taken by 
them (Glutz von Blotzheim & Bauer 1982), their diet and leeding habits ire less 
catholic than that of other gulls Kleptoparasitism by Kittiwakes re^e .ed little 
attention in literature probably because Kittiwakes are so otten the victim ot 
Great and Arctic Skuas chasing other birds tor tood However in the southern 
North Sea associations between Kittiwakes and Guillemots are vers otten seen at 
sea and there can be little doubt that Kittiwakes steal lish from the auks ( C J 
Camphujsen) Kleptoparasitism by Kittiwakes is also described b\ Moritz (1986) 
and Harkness (1959) 

Bleeding season Breeding Kittiwakes feed on, and leed their i-hKks with fish 
and zooplankton, but fish predominates in most studies (Drurs 19"3 Furneas 
1983 Gilbrai th 1983 Harvey et al 19S9, Vauk Hentzelt &. Bachmann 19S3) 
Kittiwake chicks studied on the Isle ot May (Firth ot Forth) were mainlv led 
sandeels (frequency 87 3"^^), clupeids (8 ].%) and ottal (3 4^c) Oti.abion illv squid 
(0 6'''è) and Scampi A'eop/iropj nonegicus were recorded (Galbraith 19S>) 
Kittiwakes on Foula, Shetlands, fed their chicki exclusively with sandeels when 
breeding success was high during 1971 80 while sandeels formed 6 7 ^ ot ihe diet 
when total breeding failure occurred during 19SS (Furness 19S9b) Mirtin 
(1989b) described Kittiwakes on Shetland as sandeel reliant and breeding 
failures in the 19S0s were apparently related to the reduced availabihtv ot this 
fish On Helgoland 78 stomachs of chicks found dead contained fish (b9 0^c) 22 
were containing something else (19 5'^i) and 13 were empty (11 5% n = 113 
V iuk Hentzelt & Bachmann 1983) Gadoids predominated in this studv (55 
otoliths of Gadidae, 13 Ammodytidae, 8 Clupeidae, 19 unidentified) Nereidae 
were ipparently olfered Irequently (69 1% ol the stomachs) but i.rust iccans, 
mollusca, and insects only occasionally (4 8% ot the stomachs or less) Pearson 
(1968) lists sandeels as most important prey item (Sl"^ of total number ot preys, 
56"o by weight), with Clupeidae (10 and 22''c) and Gadidae (7 and 21 c) r inked 
second and third Tlic Kittiwakes diet contained virtually onlv fish on the Fame 
Islands (9S"c by number 99'''ó by weight) On Foula all lood sample:. trv)m chicks 
and nesting adults (rcgurgit ited) were tound to consist ot sandeels dv.r n^ 1977 
82 ( furness 19S3) Grange droppings towards the end ol chick re i r i rg night 
hive indicated leeding on zov)pl inkton (crust iceans) The estimited Ungih ot fish 
Irom otoliths t iken Irom stom ichs ot Kittiwake chicks on H c U o h r d lOr Siiihe 

7n/ i / i /\ ,'[> rt I ^i ' ( i i / tcnni / i^ V ( '^)0l M 

file:///tlluuis
file:///Iollusca




•>i-abird., in ihe North Scü 

and Iladdock 180-320 mm, indicates that offal is also presented ,it iheir offspring 
Il is difficult to assess the proportion of fish taken alive and taken as discards or 
f̂ fial from stomach samples. Drury (1978) indicated that Kittiwakes are evidently 
opportunists in their feeding. They will become specialists if suitable prey is 
available. Whether a colony has a consistent or a "boom/bust" economy seems to 
depend upon the kinds and numbers of small fish and Crustacea, as uell as on 
the phenology of those organisms in the surrounding seas. 

Non-breeding season Several studies deal with the diet of the fCittiwake in the 
breeding season but our knowledge on winter feedin,? appears to be evtremcly 
limited (Cramp & Simmons 198.'5, Glutz von Blotzheim & Bauer 1982). TTie most 
detailed account on the winter feeding of Kittiwakes is presented by Vauk & 
Jokele (1975), who reported on the stomach contents of some 170 Kittiwakes 

Table 3.2. Occurrence oi fish in 159 stomachs of ICjtiiwakes shot on Hc'ijotand. No\embcr-March 196S-72 (after Vauk & Jokele 1975). 

Herring 
Sprai 
Cod 
Haddock 
WTiiiing 
Blue Whiung 
Poor Cod 
Bib 
Saiihe 
Nilsson's Pipefish 
unideni pipefish 
Hüüknosc 
Gutlenîsh 
sandeels 
Greaicr Sandeel 
Sand Goby 
unideniified (jsh 

TOI a I 

5 
IS 

63 
73 

3.1 
11.3 
M 
1.9 
1.9 
0 6 
4.4 
1.3 
3 8 
0 6 
1.3 
0 6 
0.6 
1 9 
0 6 

39 6 
45 9 

•lumbers of li^h f ^ i l 

5 
20 

( 3 
3 
1 
8 
2 

10 
1 
2 

351 
100 

513 

1.0 
3.9 
0.2 
0.6 
0.6 
0.2 
1.6 
04 
1.9 
0.2 
04 
0.2 
02 
0 6 
0 2 

6S4 
19 5 

1000 

shot on Helgoland in the winters 1968-72 (iVov-Nfar). Fish predominated in their 
samples (>yO%), wiih Sand Gobies being most numerous (.351 specimens (6S.4^c 
of all fish) in 63 stomachs (39.6% of all stomachs with food remains; see also 
table 3.2). Vauk & Jokele (1975) conclude that the stomach contenis of the 
Kittiwakes shot in winter confirmed what was already thought: discar 

source of iooâ. Tiews (1978b) indicated that indeed, gi. 
jrtant non-commercial fish Chi/ n,..-v- '• 

-.^^ in iiAju. news (1978b) indicated that indeed, gobies were 
the most important non-commercial fish (by number discarded) in the German 
Bight Brown Shrimp Crnngon crnngon fishery during 195't-73, with, in soc]ucnce 
of relative importance. Smelt Ointenis eperltinus, Hooknose, pipefishes, sea.sn.iils 
Liparis s/;/;., sandeels, Eelpout, Sea Scorpion Myoxocephaliis iCoq>ius. Suckle-
back, Dragonet Callionytniis lyra, Butterfish, Fisc-bearded [Cockling Cilinia 
mustela and gurnards Trigia ipp. also being numerous. Many of these sjiecics 
were represented in the diet of the Kittiwakes in winter on Helgoland (table 

I'-Om n..p,,.,„ i:<s!lbcich,nnms Hmo) 

Seabirds in ihe North Sea 

3.2). According to Tiews (1978), by-catches of gobies were at a ven. low le\el 
during 1968-72 compared to the late 1950s and early 1960s. However, in terms of 
numbers of fish it were still the most numerous by-catch. 

Emaciated birds found wrecked in the Netherlands were usually found not 
to have any substantial food remains in their stomachs (NSO-files, Camphu>sen 
1989b). If any, fish predominated but very few specimens have been identified. 
Watson (1981) reported relatively high numbers of Kittiwakes behind trawlers in 
Ihe Irish Sea in Jan and Feb compared with other months. Also in the North 
Sea significant associations between Kittiwakes and trawlers were (only) found in 
Dec and Feb, suggesting that offal and discards represented a relatively important 
food source during winter (Tasker et al 1987). 

Preferred fish species and size When assessing the size of the fish taken by 
Kittiwakes we should distinguish between prey fished upon by the gulls and 
discards or offal. Unfortunately we cannot do so in most cases. Watson (1981) 
indicated that Kjltiwakes had trouble swallowing fish in e.xcess of 150 mm length. 
However, the main problem appeared that larger fish were stolen by robbing 
gulls rather than that these fish were to big to be swallowed. Most of the gadoids 
which were fed to the chicks on Helgoland, estimated range 180-320 mm, were 
definitely too large to have been taken by the gulls alive: the larger ones must 
have been offal or discarded fish of which the otoliths were transferred to the 
chicks. Of WTiiting and Blue Whiting fish lengths of 60-130 mm were given, 
whereas for Herring and Sprat 100-170 and 60-80 mm respectively are estimated 
(Vauk-Hentzelt & Bachmann 1983). Pearson (1968) indicated that most sandeels 
taken by Kittiwakes measured 25-100 mm, while sandeels well in excess of 150 
mm were also recorded. Most sandeels regurgitated by chicks on Foula. Shetland, 
measured between 80 and 100 mm (Furness 1983). Unfortunately \'jijk & Jokele 
(1975) did not measure the otoliths in the stomachs of their Kittiwakes to assess 
the length of the fish taken. Most represented were Sand Gobies and Sprat, 
which grow never very large, but we have no idea of the length of the gadoids 
found in the Kittiwakes. 

Small fish species as sandeels. Sprat, gobies and immature gadoids predomi­
nate in the diet of Kittiwakes. Fish in excess of 15cm length is probably of 
limited importance and 1-group gadoids and Herrings are probably too large. Few 
studies of the diet in winter are carried out, when Sprat may be more important 
than it can now be shown from the available data. 

References Bailey 19S6, neicpol'sm 1961, Benn e: al. 198S, Brovvn 19S«, Bunt 19"4. Cjmphuvsen 
19S9b. Cramp &. Simmons 1983, Drary 1978, Furness 1983, 1989b, Furness, Hudscn -^ tn.s<jr 19S8, 
Gabnelscn, Mehlum & Nagy 1987, Gabriclscn. Mehlum jL Nagy 1987, Golbraith 198.1. Glutz von 
Bloi7heim &. Bauer 1982, Hatkncss 1959, Hartley A Fisher 19.16, Hudson 1986, H3r.ev, Silcocks & 
l lonlci l 1989, Hudson & Furness 1988, Martin 1989b, Maunder & 'nirclfall 1972. Mc.'ejohn ei ul 
1978, .Moritz 1986, Myres 1963, Nelson 1980, O'Connor 1974, Pearson 196S, Tjskcr ei M 1987, 
Ticvv-s 197Sb, Vauk & Jokele 1975, Vaukllenl/elt &. B.ichmann 1983, Wals<jn 19-3. i '-si. 
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3 7 Rjzorbill A/cn lordci 

"i 7 1 North Atlantic breeding population and trends 

Popuinnon Tlie world breeding population of the Razorbill is currently csiima 
ted at some 300,000 1 200 000 pairs (Croxall et al 1984, Nettleship I'v. Evans 
1985) The wade range is mainly because the numbers on Icehnd ( at leist 
500 000 pairs) are so poorly known (Evans 1984b, Gardarsson 19S2j Lar^e 
numbers (10,000 pairs or more) are only known to breed in Labrador (10 000 
pairs) Norway (30,000 pairs), Iceland, Scotland (86 000 pairs) and Ireland 
(50 000 pairs) (Nettleship & Evans 1985) The most recent estimate ol the 
British population is just over 180 000 individuals (Lloyd el nl m press) the 
North Sea numbers are currently estimated at some 73 000 individuals (Dunnet et 
al 1990 Tasker et nl 1987) 

Tl ends Trends in the vast Icelandic population are totally unknown In northern 
Nor^vay the general decrease m the small auk populations in Sor Varanger 
which was lound in 1970 75 continued in 197i S3 This decline is in contrast to 
the nearest auk colony to this area, on Hornoy where large increases were 
recorded since the early 1970s (Barrett 1983) More specilic accounts on the 
Razorbill showed that in the early 19S0s population developments and breeding 
success were good in 0 s t Finnmark, but uncertain in Vest Finnmark Incomplete 
ly known were population trends and breeding success Irom Trondcl ig (at least 
breeding success was good here) and More &. Romsdal (Folkestad 19S4b) 
Changes m Orkney colonies, as shown in study plots during 1976 85 were an 
increase at some 7% per annum from 1976 81 (very similar to Guillemots in 
Orkney) and a subsequent and rapid decline after 1981 (percentage change m all 
monitoring plots during 1981 85 18 8% Bcnn et al 1987) Little is known about 
breeding success and population trends in Razorbills Irom Shetland (I leubcck 
19S9b) Breeding success of Razorbills was very poor on Foula in 19SS while it 
was still good m 1986 and 1987 (Furness 19&9b) In eastern Scotkind on the 
Troup and Pcnnan Heads colonics (S Moray Firth) numbers increased during 
the 1970s but stabilized and declined in the early 19S0s (Lloyd &. North 19S7) 
apparently in response to food shortag-s In the years 1980 84 the over ill 
situation in five Caithness (Moray Firthl colonies was a decline at a rate ot 5 2"c 
per annum but this decline was not significant ( \ ludge 1986) Numbers on Isle 
of May in 1986 were considerably higher than in 1969 but the increase was most 
rapidly during the 1970s and has now probably stopped (Wanless &. k i n n e i r 
1988) Harris &. Wanless (19S9) indicate that 'the number ol Razorbills on Isle ot 
May his indeed slightly declined during 1981 87 despite a consistently hi^h 
breeding success The decline seemed to result from poor recruitment dui. to low 
survival of immatures Counts of the Razorbill population on St Kilda ( >S14 
individuals m 1987) were rather poor in the pist so it is dillicult to issess any 
changes now on the islands (Tasker et al 19&8) 

References Birrcn 19S4b 19s5 lîi-nn Tislver & Rod 1967 Brun I9fi9b Crovlll ./ al I )S4 
Dunnen i( nl I9<)0 r\ ins W^ib furness I9t,9b CnrUarsion 19S2 Ihrris Jl W in]i« 1 A4 j ;s') 
lkub<.i.k l9S9t) IIO)d 1976 I97J 1 l0)d & Norlh 1987 I lovd I iski.r A Plrlnd> in prtv, Mud^i 
' ^̂ ü Nviikship A. L\ans 19bi Olvwn 1974 Sievcnion I ̂ 2̂ iio^M. 0̂  flirns i 'M I isfv̂ r <./ // 
1 'S7 19VS W inlcss A. Kmncar 19S.S VVi,bb I i>)ct,r A Orti-nblrcci I 'ss 
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3 7 2 Estimates ot Norlh j e a wintering population 

Razorbills especially younger individuals, are migratory birds that move away 
from their breeding colonies Southward movements are well known in Razorbills 
and in Portuguese waters and in the western mediterranean Razorbills outnumber 
Guillemots greatly (cf Carboneras 1988 Teixeira 1986) Mead (1974) indicated 
that the movements of auks, as revealed by ringing are highly complex bei.ause 
different age groups, and different local populations have différent migration 
patterns and wintering areas Older birds stay nearer colonies and j re dispersive 
only (Cramp 1985) Within the North Sea the local breeding population can be 
found wintering but at least part of it moves away to more southerly winter ng 
"grounds Baltic Razorbills enter the North Sea to some extend but lew pénétra 
te any turther than the Skagerrak (Anker Nilssen el al 1988 Camphuysen 
1989a) Part of the populations from the British west coast and Ireland move 
into the North Sea and ringing recoveries have shown that Razorbills Irom 
Icehnd and northwest USSR can be found in these waters Ringing in L e h n d 
his only commenced in 1981 so the extent ot vv ing of Icelandic Razorbills in 
the North Sea is unknown These uncertainties make an estimate ot the North 
Sea wintering population rather dilflcuk Danielsen ei al (1986) guessed thi t 
436 000 Razorbills could occur in the Norlh Sea but their assumptions are not 
clear It is unlikely that the entire British population ever will be tound wintering 
in the North Sea but immigration from more northerly populations mav be 
substantial A reasonable guess would thus indeed be that several hundreds of 
thousands of Razorbills can be found wintering in the North Sea Danielsen s 
figure mav be slightly too high 

The Razorbill was one of those species which appeared suddenlv in large 
numbers in the early 1980s in Dutch and German beached bird SUIACJS (Camp 
huysen I9S9a) The Razorbill was one ot the most prominently represented auks 
in the wreck m eastern Britain in 19b3 (Underwood &. Stowe 19S4) Seiwatching 
results ha .e shown ihat auks (Razorbills and Guillemots) have increased since 
1980 along the Dutch coast and this would support the idea that more birds are 
presently wintering in the southern North Sea The most recent Razorbill wreck 
was witnessed in 1990 on the Dutch coast (Camphuysen 1990b) Howi,ver 
Razorbills were very abundant as beached birds in few years compared with 
Guillemots indicating that the increase as a wmlering bird may be less strucluril 

References Ar-ker Nilssen el al 19S8 Boillie & Mead 1982 Camphujscn 1990üb in prtp 
Carboneras 19̂ S Cramp 196S Danitlven Dunnck & Skov 19M Ilopt Jones ei ,il l')b4 19S5 
Hudson & Mead I9t>4 LIO)d 1974 Mend 1974 Peierz 1987 Sniiddy lJb7 Sinenlon U79 1982 
Tijlor Jl Reid 1981 Tasker « »l 198'ic 19S6 19S7 Ttwi-ira 1986 Underwood ,1 Sime IJM, 
Webb 1968 

3 7 3 Feeding methods and diet 

Razorbills dive from the surface seeking or pursuing prey lor prolonged periods 
under water swimming with open wings They can reach considerable de[}lhs 
Piitt .S- Neitleship ( l9Si ) reported on incidental catches ot 9 R izorbills olt 
Newtoundlind in gill nets and they found ih it Razorbills e in re ich 120 m A 
later report Irom the Norlh Sea showed th it R izorbills m. indeed quite c ipible 
to reach these depths From a Perry submersible m the South Brent field (61 N 
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Or-lOE), .1 Razorbill uas observed suinuiiini; around at 110 and MO ni depth 
(Jury &. Majjuire l'JSS) Ra/^rbills, just as other auki, are ijenerally helicsed not 
to bc interested in discards from trawlers However, Carboneras (19SS) reported 
on Razorbills attending trawlers although they kept some distance (200 5CX) m) 
The Razorbills probably dived for deep sunken discarded fish which were out of 
the reach of the other seabirds They accepted small Sardines ihros^n to them, 
and first year birds were even begging for lood near the trawler 

TJie diet of adult Razorbills, at all seasons of the year, is printipilly small 
fish, but some invertebrates (crustaceans including Cammarui spp and Xljsidace-
a, molluscs and polychaeie worms) are also taken (Cramp 19S5) It should be 
stressed that the Razorbill's diet is much less well known than the diet ol 
Guillemots (cf Tasker et al 1987) Recorded fish species are 

Hernnj C/itpea fiprengits, Sprat Sprantis spmrria, l̂ ilchard Cltipea ptlclinnta /\nchü\y Cnipaults 
encnuicoliu, Capclln Matlonis \illOitis, Pcarlsidcs \tauroltctis mitellen, Cu] Otutfis morluia Vctic 
Cod {îareogmliu saida Poor Cod Truopienis mtntttiis, Norway Poul Tnsopunis ^uruirku Fne 
bcardi.djiucl.ljng Ciltuta mtisiila, Gartiih B<ilone belong SlickJcback Gasterositnts ttmU idis 
Nine spined Siickleback hin^ttuis pitn^niu, Sanded Ammodytes tobuimts Ram s Sindtcl 
Ain/no<t\tes irmn/ms, Greater sandcel ll\p^roplns tanceokmcs Utiiie Gob> ip/ttü p^lliaalj luo 
spoiKd Goby C?cj/)///U(i//ij y7nc5ct.'m, Cr)StaI Goby Cr\^utt!o§obuts hneun^ (Ui.lüpv)Ukii Ivoj 
lilakü l%3. Cramp 19S3 Harris 1970, Mjdsen 1957) 

Bleeding season Tasker tv al (19S7) discussed the feeding ranges Irom 
Razorbills in North Sea colonies and found that, in general Razorbills lorage 
close to their colonies Razorbills on Foula were totally sandeel reliant in I9S6 
and 1987 and breeding success was good, although surface feeding sandeel 
specialists were suffering from reductions in the availability of this fish in these 
years In 1988 the proportion of sandeel in Razorbill diets tell Irom HX) to •4'!'^ 
and breeding success was poor (Furness 19S9b) Razorbills on Fair Isle were also 
lound to rely on sandeels (Harvey el al 19S9) 0 1 9 samples collected ot loads 
brought in during 19 June 6 July 1989, all fish were identified as sandeels (29 
individuals) The mean load weight was -4 12 g ( n = 9) while the s indécis 
measured on aserage SI ± 1 0 mm (n= 29) On Isle of \ ta ) in 1989 the lood of 
young Razorbills (from field observations) was mainly sandeels with occasionally 
some Clupeidae TTiese observations showed that 8 single fish loads contained 3 
times medium (estimated 60 mm) and 5 times large (estimated 100 mm) sandeels, 
while 58 mulli-fish loads, 3x contained 2 medium size sandeels 15 times 1-6 small 
sandeels (estimated 50 mm) and 20x several very small sandeels (estimited -10 
mm) All three samples of Razorbills breeding on Canna collected in 19i'9 were 
composed of sandeels multi fish loads of very small specimens and single fish 
loads of 'large (SO and 87 mm) sandeels (Swann 1989) 

Belopolskii (1961) indicated that 92 O'̂ i ot 75 stomachs filled with tood 
Irom Barents Sea colonies contained fish, while polychaete worms, crustaceans 
and vegetable matter occurred more sporadically Razorbills were m iinly known 
as inshoie leedcrs in the breeding season using a svide strip ot open coastal 
waters The main fish prey on the Murman coisl were Herring Capelin Sandeel 
cod brood (Giithn spp) and on Novaya Zemlya Arctic Cod .ind Cod brood 

POM breeding penod From Tasker cr al (1987) is known that ihu lonn-iili nions 
ol virtually all North Sea R i/orbills in waters oil north cast SLüllind is one ot 
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the most marked features of Razorbill distribution in the North Sea Most 
Razorbills stayed rather close inshore and there was a tendency for the highest 
densities of Razorbills to be inshore of most of the Guillemots and Puffins Little 
is known of their diet in this period, but Tasker el al (1986) recorded small 
herrings and 1 group Whiting in Razorbill stomachs of birds shot olf Fraserburgh 
on 19 August 1985 Razorbills shot on Bei^vick Bank 10 days later were found to 
hold 1-group sandeels However, since the samples were very small, little can be 
said about their diet composition in this period 

Wmler Few studies are conducted Blake (1983) examined shot, oiled Razorbills 
in the Skagerrak in January 1981 Clupeids predominated in the samples (Ire-
quency of occurrence 56% in 39 stomachs with identifiable remains Irom the 
Swedish west coast, 77% in 26 stomachs from the Norwegian Skagerrak coast), 
and although not all items could be precisely identified it was believed that most 
were Sprat Gobies occurred m 23% of 39 stomachs with fish from the Swedish 
coast and 69% in 26 stomachs from the Norwegian coast (mainly Two spotted 
Gobies, fewer Crystal Gobies), and gadoids occurred in 15% anti 0% respectively 
Stomachs of Razorbills washed ashore in the Netherlands in April 19S5 contained 
only sandeels ( n= 1, Camphuysen unpublished) but from dissected birds stranded 
m January and February is known that also clupeoids, small gadoids and other 
(unknown) species occurred frequently (NSC files) Blake (1984) studied the 
stomach contents of Razorbills wrecked in eastern Britain m February 1981 
Razorbills from East Anglia (n= 90 stomachs with identifiable fish remains) 
contained mainly clupcids (57%, including mostly Sprat) and sandecls (64^c) with 
very few gobies (1%) and unidentified fish (1%) Razorbills from the Moray 
Firth ( n = 48) contained mainly clupeids (18%) and sandeels (65%). hut also 
gadoids (8%), polychaete worms (7%) and crustaceans (2%) Razorbills collected 
near Newcastle ( n= 53) contained virtually only sandeels (87%) and occasionally 
gobies (8%), Pearlsides (2%), clupeids (5%), gadoids (2%) unidentified fish 
(5%) polychaete worms (21%) and crustaceans (3%) .All Sprat lengths calcula­
ted from otoliths were less than 100 mm, while also sandeels (ma.v c 105 mm) 
were very small compared to those found in Guillemots 

Size of fish Swenncn & Duiven (1977) indicated that Razorbills could not 
handle the larger prey of Guillemots and studies in field conditions confirm that 
the diet of Razorbills consists of smaller fish than that of Guillemots ITie 
maximum heigth of Herring accepted by captive Razorbills was 26 mm (44 mm in 
Guillemots), while the preferred heigth was only 15 mT, (23 mm in Guillemots) 
Similar data are availablf for Norway Pout with maximum and preferred being 
respectively 23 and 15 mm (Swenncn St. Duiven 1977) A body depth ot between 
15 and 26 mm would indicate that the Razorbill's diet would include sm.illcr 
immature Gadoids and larger fish of slimmer species such as sandecls 

Pnferred fiih species and sae From studies at colonies, which are bused 
towards fish brought to chicks, it can be shown that preterred fish length arc c 
100 mm Studies at sea and in experiments have shown that adult prey is slightly 
larger but probably always less than 2(X) mm in length Preterred speeics are 
sandeels, clupeids gobies and immature gadoids 
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R^f^rtncti IklopoliUi 1%1 niake l';S1b, 1984, trjmp 1%'' Furrn.M 19^% llirrii 1970, l9bS, 
1969c llarrib A SVjnlcss \')hb 19i)9, Harvcy, Silcotts & Houleil 1969 ll;.ubcck 1969b Jury i 
Mijuire rJbS, Madsen 1957, Piau &. Nelileship 1985, Snann 1969. Swennen X Duntn 1977 7 i»(.er 
rt al 1986, 1987 

3.8 Guiilemol Una aalge 

3 S 1 Norlh Atlantic breeding population and trends 

Popiiliirion The North Atlantic population of the Guillemot was rcLciuly estima­
ted at 4 170,000 (range ^ 0 4 5 million) pairs (Nettleship i E%nns 19SJ) Nearly 
SOU 000 pairs breed in Britain and Ireland according lo Stowe >.<L H a m s (1984), 
nearly I 200,000 indniduals is the more recent esiimaie ol Llo)d ct til (in press) 
Some 2 000 pairs breed on Helgoland (Vauk 1982), and 9 400 pairs in Denmark 
Sweden and Finland (Baltic Sea, Nettleship & Evans 1985) The Norlh Sea bree­
ding population was estimated at 6SÜ 000 individuals (counls of indiuduals at 
breeding sites in earl) June), all but 5,300 ot these are found on nonhern 
English and Scottish coasis (Tasker el al 1987) 

It was demonslraled b> Blake el al (1980) around Fair Isle in I9S0 that 
around -iO^'c of (he birds associated with a colony would be present on the tliUs 
during counts in the middle of the day Tlie number ot lull) grown Guillemots 
associated with North Sea colonies, was therefore estimated at 1 700 000 indi 
\iduaN Alter fledging of the chicks just over 2,000,000 Guillemots weie expected 
at sea from North Sea colonies excluding an unknown number ol immatures 
which had not returned to the colonies in summer (Tasker ei al 19S7) Few lirsi 
year birds are likely to \isit the breeding colonies, and older immatures return 
with increasing Irequency until they are recruited in the breeding popul mon at 
between 4 and 6 years old (Birkhead & Hudson 1977) Estimaies ot survn il to 
breeding age lor Guillemots range from 17 4 41 1% (Hudson 19S5) Annu il idult 
sur\ii.al IS estimated at 94^^ (Birkhead &. Hudson 1977) 

Tietuls rhe general decrease in the small auk populations in So»̂  Varanger 
North Norway, which was lound m 1970-75 continued in 1975 S3 I his decline is 
in contrast to the nearest auk colony to this area, on Hornoy, whe e I irge 
incre.ises were recorded since the early 1970s (Barrett 1985) 

An initial analysis of the Seabird Colony Register showed thit Guillemots 
numbers in Britain and Ireland in 1985 88 are 50^^ higher than they weie in 
1969-70 (Opera t ion Seafarer', Cramp el al 1974) Regular counts ol several 
colonies, however, showed that the numbers actually peaked m the earls 1950s 
and have since declined at many sues (Hcubeck et al in prep Lloyd 19\S, 
Wanlcss i Kinnear 19t>S) Seven Shetland colonies increased 1976 early 19S0s 
then decreased up to 193S (Heubeck et al in prep) but on Fair Isle an increase 
was noted throughout 1971 87 (Lloyd et al in press) On Orkney there w.is an 
increase during 1976-1980 81 and colonies here were then stable or declining up 
to 1987 (Benn el al I9S7) Caithness colonies were stable during 19S0 S7 
(Mudge 1986) while colonies on Troup Head were increasing during 1979 s2 
and then stabilised (Lknd ei North (1987) On Isle o( Mav again inere.ising up 
to 1982 then decreasing up to 1988 (Wanless i Kinncar 198S) ,ind mere ising 
colonies on Si ' \bb s Head during 1977 88 (D.i Prato 19^5 Llovd el al m (iiess) 
11 uns X Wanless (1989) indicate th.it the number ol Guilemois on Isle ol M.iv 
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had indeed slightly declined during 1981 87, despite a consistently high breeding 
success The decline seemed to result from poor recruitment due to lower 
jostfiedging survival Harris & Wanless (1989) suggest that food may now be 
imiting during the winter Breeding Guillemots on Canna have-been monitored 

since 1974 and numbers increased continuously up until 1983, since when they 
have declined slightly due to recruitment failures (Swann et al 1989) Although 
the total Guillemot population on St Kilda (22,705 individuals in 1987) has 
remained rather constant since 1969, there have been changes in numbers on 
each of the islands (Tasker et al 1988) 

Pefs-e,ices Barrel! 1985 Birkhead & Hudson 1977, Denn, Tasker &. Reid 1987, Benn Tasker & 
Webb 1987, Blake el al 1980, Cramp Bourne & Saunders 1974, [irun 1969a, D)ck Ji. Mellofle 
1975, Hams & Wanless 1984, 1989, Heubeck « at in prep Hudson 1985, Llojd 1968 I lü)d J. 
Norlh 1987, Iloyd, Tasker & Parindge in press, Mudge 1988, Nellleship &. Evans 1985, Da Praio 
1985, Slowe 1982, Siowe & Harns 1984 Swann el al 1989, Tasker el al 1987, 1988, Tuck 1960, 
Vauk 1982, Vauk Henizell, Schrey & Vauk 1986 Wanless & kinnear 1988 

3 8 2 Estimates of North Sea wintering population 

Guillemots are no long distance migrants but are dispersive (Cramp 1985 Mead 
1974) The majority of the North Sea breeding population will remain in the 
North Sea area in winter, although some of the immatures may move further 
away (Mead 1974, de Wijs 1985) Immigration from more northerly colonies 
occurs, but the scale is toally unknown because so few birds are ringed in arctic 
and subarctic regions (Camphuysen in p r e p . Mead 1974, de Wijs 1985) Aji 
accurate estimate of the birds wintering in the North Sea will therefore be quite 
difficult Danielsen et al 1986 estimated that some 5,300,000 Guillemots could 
occur in the North Sea (i e total northeast Atlantic breeding population) Tasker 
el al (1987) estimated that just after fledging of the chicks just over 2 0(W,0(X) 
Guillemots were expected at sea from North Sea colonies, excluding an unknown 
number of immatures which had not returned to the colonies in summer Since it 
IS unlikely that the entire northeast Atlantic population will at any lime arrive in 
the North Sea an estimate of the North Sea wintering population should arrive 
somewhere inbetween 2,000,000 and 5,(XX),000 Guillemots Further ringing of 
northerly breeding birds may provide more accurate data 

Rifirences Camphuysen (in prep). Cramp 1985, Heubeck, Harvey Sc Okill (in prep) Mead 1974 
Peten & Olden 1987, Tasker ti al 1987, de Wijs 1985 

3 8 3 Distribution at sea outside the breeding season 

Post breeding movements (Jul Oct) The three main features in the post breeding 
period in the North Sea were described as (a) movement ot birds awav Irom 
Slietland, (b) aggregation of birds oil eastern Scotland and north eastern En­
gland and (c) the migration ol birds to the eastern North Sea (Tasker et al 
1987) Brown (1985) concluded that the movements of Guillemols from north 
British colonies, having sandcels and small elupeids as principal foods coincide 
quite closely with the movements ol suilible prey in th i t area The risher7 lor 
Sprat otf southwest Nor^vay (examplified by Brown for 1976) takes pi ice mainly 
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during August through November, the season m whicli Guillemots from Scottish 
colonies move to that coast Brown describes the Guillemot movements entirely 
as "journeys to food resources' The "Sprat scenario" üls less well for Irish Guille­
mots and birds from the Irish Sea 

Winter distribution (Nov-Feb) Densities in the southern North Sea reach their 
m.uima in this period, and the majority of the North Sea wintering population is 
widely dispersed in the south-western quadrant of the North Sea, with evenly low 
densities in most other areas (Tasker et al 1987) Important areas are the north­
western Dogger Bank, the Silver Pit and waters off the English east coast Data 
of Dutch surveys, concentrating more in the Dutch sector of the Continental 
Shelf, are not yet available and therefore not mapped Systematic surveys on 
board MV Holland in waters revealed that Guillemots are most abundint from 
late Oct to late Mar (Camphuysen & Platteeuw 1988) High densities were fre 
quently seen off the Wadden Sea islands, but fair numbers were also found to 
occur off the Delta area NIOZ organized surveys showed that aggregations of 
Guillemots often occurred in a tidal front ,!one north of Texel (the Frisian 
Front), just as in the post-breeding season, around the Brown Bank and around 
the Dogger Bank (Anonymous 1988 89) 

The Sprat fishery otf the east coast of Scotland is mainly in Decembcr 
through March (Brown 1985, using ICES Bulletin Statistique 1976 data) Adult 
Guillemots are then moving back to Scotland to return to their colonies At the 
same time they take advantage of the abundance of Sprat in the western North 
Sea in spring (Brown 1985) However, this conclusion is not completely in line 
with Tasker et ai (1987) Moreover, stomach contents were generally more 
diverse than Brown's account would suggest (see below), and breeding birds in 
the Moray Firth, from Orkney and Shetland area returned considerably later 
(Mar-Apr) It is, however, important to keep the 'Sprat scenario ' in mind 

Pre breeding period (Mar-Apr) Breeding birds return to their colonies while 
non-breeding adults and immatures can still be found all over the North Sea A 
mass stranding m late April 1985 on the Dutch coast showed that considerable 
numbers are still present in the southern North Sea High densities are only 
found olf the English east coast, off the Scottish coast and around Shetland and 
Orkney (Tasker et al 1987) 

References Baillie & Mead 1982, Uournc 1981, Drown 1983 Camphuj-scn 19i>9a I'WOtx: in pup 
Cjmpliu)5cn & Plaueeuw 1988, Hope Jones el aj 1984 1985 lloutx-i-lc, Harvey & Ot.jll in prip 
Hudson i. Mtad 1984, I eop>ld 1988 Mead 1974 Pclirz 1987 Pcierz & Olden 1987 luslcrrt i/ 
198SC. 1986 1987, lajlor & lUid 1981, Webb 1988 NVebb, Tasker Jk Grcensircel 1985 

1 8 ' ) Evidence for a changing wintering distribution 

Beached Bird surveys in the Netherlands and in West Germany demonstrated an 
increase in numbers ol Guillemots stranding since 1980 (Caniphuvscn 19S9a. 
V'auk ei at 1987) Ttie increase could not be explained by in increase in 
(chronic) oil pollution at sea and it was suggested that more Guillemots were 
wintering in the southeastern North Sea than previously This suggestion was 
supported by seawatching data (Club van Zeelrek-waarnemers" llles, Caniphuvscn 
19S9a) Mudge et al (1987) suggested that adult Guillemots returned later in the 
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Moray Firth colonies (compared with other breeding places), and wintered onls 
in small numbers in the immediate vicinity of the colonies, because ot untavou 
rable feeding conditions (collapsed Sprat fishery) This could support the idea 
that birds usually wintering in the northwestern North Sea moved into other 
parts of the North Sea 

Peterz & Olden (1987) reported an increase in ringing recoveries ot Guille­
mots in Sweden and were unable to explain this other than by an increase in 
wintering birds in the Skagerrak/Katiegat region This was supported b\ Held 
observations (Gardenfors et al 1984, Peterz 1987) Similar to Dutch German 
data, the increase started in winter 1980/81. The sudden increase in numbers of 
ringed Guillemots, especially of auks entangled in gill nets, could not be explai­
ned bv changes in fishing effort or ringing effort 

Refe ences Camptiuysen 1989a, (in prep) Gardenfors « al 1984 Heubeck Uine\ i. Okill (in 
pr.p) Mcdje AspmM & Crookc 1987, Peierz 1987, Peierr JL Olden 1987 S*ann el il 19s9 
Vauk ei III 1987 

3 8 5 Feeding methods and diet 

Guillemots dive from the surface, seeking or pursuing prey for prolonged periods 
under water, swimming with open wings Piati &. Nettleship (1985) reported on 
incidental catches of 12 24^! Guillemots in gill nets off Newfoundland and the 
great majority were found entangled at 0 60 m depth However Guillemots were 
also caught in deeper waters and as many as 16 birds were found in nets set at 
180 m The diet of adult Guillemots at all seasons of the year, is principally fish 
but molluscs, crustaceans, polychaetes and fish eggs are also taken (BraJsireet &. 
Brown 1985) TTiere is considerable variation both with location and sejson in 
their diet Sandeel predominates particularly in spring and summer, in late 
summer the diet becomes more diverse (Sprat and Herring are added) and in 
winter a wide variety of prey is utilued (Tasker et al 1987) Recorded pri-y 
species are 

Herring Cîiipea /uvengtis. Sprat Sprnmts iprainis Capclin \lattunis ntlonis PearlsiJts 
Maurohcits inuellen. Crucian Carp Carassiiis ciirassiiLS Cod Gmtiis inorluui, Vctic Ci.\J 
Borea^ailiLS sauta Haddock Stetanogrammtis ae^lefimu Whiiing Merlaniptis merlVUILS Blue 
Vvhiling \ticromesisnis pouiassou, Poor Cod Tnsopterus mmutiis Norway Pout Tns 'funis 
esmtirkii Bib Tnsopienis IIISCILS, Pollack Po!lai.htus poII>ichiiLS Saiihe l^olliuhtiis ^ircr^i I ivt 
txardud Heckling Ciltala miisiela. Viviparous bknn) Zuort-es iniptints Stn.klebaLk (/^îftrtJïi.ut 
aculeaHLS iCulpins Cotttiiae, Scad rniclutris Irachimis, hicnnics Blenmiis spp, lju[.i.rnih I'nulis 
gimniUas Sandeel Ainmodyles lobiamis Ram s Sandeel AintnoilMes /"ij/inia, Grcaier ^andcel 
Ihperophis lani-eolanis gobies Gobais spp T\vo spoiled Gotiy Gobaisciihis pa\esc,n.s t rsstjt 
Goby Cnsiallo^obais Itneans M ickcrel Siomber scombnis 

and occasionally even llatfish (Anker Nilssen &. N)g,Ud 1987, Bclopol skii 1961, 
Bcnn 1985, Beveridge 1986, Birkhead >S. Nettleship 1987, Blake 19Si 19S-1, 
Blake et al 1985. Bradstreet 1977 Bradstreei & Brown 19S5, Camphuvs;.n in 
press Cramp 1985, Erikstad & Vader in p r e p . Folkestad 1984 Griffiths 19S4 
Harris 1970. Harris &. Wanless 1985 Hedgren 1976 M Leopold , M idscn 1957 
Pearson 1968 Tasker 1981, Tasker el al 1985 1986, Thomas 1988, Tu .k 19()0 
Wanless Reynolds & Langslow 1983, Ward 1987) Changes in the diet through 
the year arc roughly described below 
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Bweding iciiion The chick (at the tolonj) is fed mostly with fish, in general 
species with high fat contents and calorific value (Capelin, Herring, Sprat 
sandeels, Harris & Hislop 1978), with an average length of 120 mm (max 150 ISO 
mm, Bradstreet <S. Brown 1985) Furness (19ü9) described Guillemots on Toula, 
Shetlands, as totally sandeel reliant during 1971-80 (diets comprised I(X)^ 
sandeels), and still in 1988 (97'?)), while maintaining high breeding success when 
surface feeding sandeel specialists failed to raise chicks There was little evidence 
that Guillemots utilued small 0 group gadoids in summer, when these fish are in 
iheir pelagic phase, perhaps because of the abundance of sandeels close to the 
colonies (Blake et al 1985) Guillemots m northern Norway fed their chicks 
mainly on large Capelin and sandeels (110 170 mm), while Runde chicks were 
fed a much wider variety of fish On Rost the chicks were mainly fed on gadoids 
and s.indeels (folkesiad 1984) A variety of species (not occurring within the 
North Sea) is listed for Labrador (Birkhead & Netlleship 1987) Arctic Cod 
BordOi^iidiis juida and Daubed Shanny Lumpenus maculaius (family Stichaeidae, 
not listed .'oove) were the second and third most important species in the chick 
diet g .ing way onlv tor Capelin {>li"c by number and by weight) 

Po:,t bu'i'di/ig penod In the post breeding period, 0 group clupeids and sandeels 
were lound in stomachs of Guillemots off E Scotland (Blake ei al 19S4) Anker-
Nilssen & Nygârd (1987) found gadoids predominating in male adult/llcdgling 
groups sampled otf Central Norway (Nord Trondelag) Tasker ei iil (1985) lound 
clupeids predominating in Guillemot stomachs of birds shot oft northeast I3ritain 
in August 1984 Only in the Firth of Forth sandeels were predominating Gadoids 
occurred rather frequently but were apparently taken opportunistically In all 
stomachs ot Guillemots shot in August 1985 off Fraserburgh (Tasker ei al 19S6) 
gadoid remains were found, while one was found to contain also elupeid remains 
Tlie gadoids appeared to be 1 group Whiting In all 11 Guillemots shot on the 
Berwick Bank that same August, I-group sandeels , 4mma/>r« mannui were 
found Miii in addition 6 contained gadoid and ^ clupeid remains 

ill/iler Gadoids sampled in Guillemot stomachs in Jan/Feb in the North Sea 
comprised 1 group fish (spawned the previous year) Birds stranded in the 
Nettierlands, 1981-86, were often in poor condition and the dietary studies were 
therefore biased towards "longer remaining otoliths" (gadoids rather than clu­
peids) However, the general impression is a varied diet, with many species ot 
gadoids taken opportunistically but with sandeels and clupeids predominating 
(NSO tiles) A November sample of Guillemots, shot ott the coast south ot 
Aberdeen had about equal i|u.inlilies of clupcid, gadoid and sandeel rem.iins in 
their stomachs (Blake el al 1985) Blake (1983) examined shot, oiled. Guillemots 
in the Skagerrak in January 1981 Clupeids and gobies predominated in the 
samples and although not all items could be precisely identified it w is believed 
that most clupeids were Sprat and most Gobies were Two spotted Gobies v.ith 
levver Ci-)stal Gobies Gadoids, including Whiting, Poor Cod, Norway Pout, Bib, 
Sailhe Pollack, and Cod were also found frequently, while sandeels and other 
fish were relatively scarce (t.ible 3 3) 
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fjble 3 3 hrequency of occurrence of fish remains of oiled GuilIemOLS ihot in ihc Sl,Jgtrr ik 
January 1981 (Blake 1983) The perceniageb arc oabcij on ihùac stomachs containing iJenuf lOle 
remains Hvaler and BohUslan are sectors of the Swedish v^esi coasi 

Species 

Clupcid 
Gadoid 
Sandeel 
Goby 
Other ' 
Total stomachs 
Siomachs 

% 
M-iih ideniified fish 

Norway 

ZS% 
34% 

7% 
78% 
0% 

425 
265 
62% 

Ihaler 

62% 
40% 
21% 
57% 
0% 

153 
H I 
73% 

Bohüslan 

72% 
Î5-1 

n 
7 9 1 

1 1 

106 
97 

9'*'^ 

Invertebrates were encountered, but in few stomachs only ( 1 1 % Norwav l ' ^ 
Hvaler, 0% Bohuslan), including Polvchaete worms crustaceans and squid 
Madsen (1957) dissected 11 Guillemo's which were also shot in winter (Nov Feb, 
Kattegat area and Belt Sea) Most stomachs held Herring (82%), but gobies. 
Stickleback, Viviparous Blenny, Mackerel and a gadoid fish were also Found 
Invertebrates were encountered only once 

Pre-breedmg penod Adults and older immatures are all in the immediate vicinity 
of the breeding colonies Younger immatures or non breeders remain elsewhere 
in the North Sea Immature Guillemots in April in the southern North Sea ted 
mainly on sandeels, with smaller numbers ot Whiting and clupeids being taken as 
well (Camphu)sen in press) A large flock of Guillemots around 100 km off 
Flamborough Head was found to be feeding on sandeels, but these birds were 
caught and killed in trawl nets fishing for sandeels (Tasker ei al 1987) AJI fish 
brought in for display at colonies m May at Fair Isle and Isle of May were 
sandeels (Harris & Wanless 1985, Tasker el al 1987) Dietary studies ot beached 
birds (except Camphuysen m press) are scarce in this period Erikstad >S- Vader 
(in press) described differences in Capelin selection tor Brunnich's and Common 
Guillemots shot off northern Norway in the prelaying season Common Guille 
mots were feeding mainly on maturing female Capelin in the upper water masses 
while Brunnich's Guillemots were diving deeper and caught Capelin (mature and 
spent male and female) near the bottom 

Sue of fish Body depth is used rather than body length in selecting fi!.h ot 
suitable size (Swennen & Duiven 1977) ExperimenLs have shown a preteried 
body depth of Atlantic Herring of 23 mm (estiiiuiled 14 g or c 1(X) mm long) 
and a maximum of 44 mm (estimated % g or c 21X) mm long) Pie prelcrred 
size of Norway Pout was also 23 mm (16 g, or c 100 mm) and the m cximum 41 
mm (96 g or c 180 mm) However, the birds readily accepted larger, but thinner 
sandeels up to 220 mm long ( l e longest Smelt at disposal during the experi­
ments) Camphujsen (i/i press) calculated 44 5 mm as maximum depth ol Whi 
tings eaten by tree foraging Guillemots in the southern North Sea, and in 
average depth of 36 9 mm well exceeding the preferred 23 mm lor Norwav Pout 
found in experiments Although body depth is selective most reports on Guille 
mot diets deal with fish length only (whether or not calculated trom ololiih 
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length). A summary of recorded prey length per species of fish: 

Cnpolin mean 148 ± 118 mm (Labrador 1983, brought lo chick, Birkhcad & Nc-lilc^hip I'W), 
range 110-170 mm, most 130-170 mm (Hornoy, Norway, brought lo chick; f'olkesiad iy.S4); 
Herring preferred 100 mm, max 2Û0 mm (expenmenls; Swenncn & Duiven 1977), range 90-190 
mm, most 90-1.30 mm (Blake el al 1985); 
Sprat range 20-120 mm, most 1-group (Jan/Feb, Blake et al. 1985), mean 104 mm {Skomer. brought 
lo chick-s; Dirkhcad I'-P^) mean 122 mm, most 120-130 mm (sampled at colony, Isle of .May: Harris 
& \Vanlcs.s 1985), mean 132 mm, most 115-154 mm (n= 32; Siora Karlso, Sweden, brought' lo 
chicks; Hcdgrcn 1976); 

Cod range 110-137 mm (Norway, posl-brccding;Anker-Nilss£n & NygSrd 1987), mean 117 5 ± 5 0 
mm (L.ibrador 1983, brought to cliick, Birkhead & Neillcship 1987), mitx 210 mm (slill Igroup) 
(Blake •:: nl. 1985); 

/Vclic rod mean 118 5 ± 16.5 mm (Labrador 1983, brought to chick, Birkhead &. Neicleship 19S7); 
WhKing r.ii.iC 133-224 mm, mean 191 9 (Netherlands. April; Camphu>sen in pre.%s); 
Blue Whiiing range 38-90 mm (Norway, post-breeding;Anker-Nilsscn & Nyg.ird 1987); 
NorM.ay Poui preferred 100 mm, max 180 mm (experiments; Swennen & Dunen 1977), ran« 50-
120 mm (Jan/l-"eb, 1-group (ish; Blake n al. 1985); 
Poor Cod range 40-110 mm, mosi 60-90 mm (Jan/Feb, 1-group fish, Blake et ttl. 1985); 
Saiihe range 70-160 mm (Jan/Feb, 1-group fish; Blake et al. 1985); 
sandecls max 220 mm (expenmenls; Swennen & Duiven 1977), range 80-160 mm (Shcil3nd.s, Jan; 
Blake el al 1985), range 50-120 mm, most 70-90 mm f>;.>-.eilands, Feb; lilake et al 198.i). r.mae .50. 
140 mm. mosi 70-90 mm (NE Scoiland, ,Mar; biake et ai 1985). range 60-180 mm, most 70-100 
mm (Fifth of Forih, Mar; Blake et al. 1985), range 55-1S8 mm, mean 132.7 mm (Nelherlands. .\pt\ 
Camphuyscn in press), range 70-200 mm (Atxrrdeen, Apr; Blake ei al. 1985), range 130-160 mm 
(sampled al colony. Isle of May; Harns & Wanless 1985), mean 125 î 18 2 mm (Labrador 1983, 
broughi lo chick, Birkhead & Neiileship 1987), range 110-170 mm, most 130-150 mm (Hornoy, 
Norway, broughi to chick; Folkesiad 1984), range 30-100 mm (NE Scotland, Oct; Blake et al. 1985). 

PrcfenccI fish: species and size The maximum length of Herring Clupeidae 
taken by Guillemots is c. 200 mm, and therefore 0- and 1-group Herrings can be 
selected for further study alone. Sprat can be taken from all age-groups. Gadi-
dae: The rapid growth of most gadoids probably precludes their consumption by 
Guillemots beyond the first year of life (Blake 198."!, Blake et al. 1985). The 
exceptionally large Whitings found in stomachs of Guillemots in the .Netherlands 
(Camphuysen in press) were perhaps discarded fish. 0- and 1-group Cod, Whiting 
and Haddock may be studied as important prey for Guillemots, together with all 
age-groups for Norway Pout. Ammodytidae: Swennen & Duiven (1977) indicated 
that Guillemots are quite capable of swallowing rather large sandeels (maximum 
was a 220 mm Greater Sanded) . Sandeels arc not particularly long-lived and 
therefore it seems logic to include all age-groups in future study, but focussing 
on 0- and 1-group which form the bulk of total biomass. 

References /\nker-Nilsscn & NygJrd 1987, Belopol'skii 1961, Benn 1985. Bevendge 1986. Birkhcid 
1976, Birkhead A Neiileship 1987, Blake 1983, 1984, Blake et al. 1985, Bradsireei 1977, B,-jjMrcci 
Jt Brown 1935, Briggs et al 1988, Camphuysen in press. Cramp 1985, Erikstad St. Vader in prep, 
Folkesiad 1984, Grillllhs 1984, Hams 1970, I9S8, Harns & Hislop 1978, Harris & Wjnlcss |9,S\ 
19,S<J, 1988, lledgrcn 1976, Heubeck 1989b, I eopold 1988, Madsen 1957, Pearson I9f>8, Full & 
Moihvcn I9S8, I'lail * Neiileship 1985, Prince &. Harris 1988, .Spring 1971, Swennen & Dunen 
1977, Taskcr 1983, Tasker et al 1985, 1986. Thomas 1988, Tuck 1960, Wanloss, Kcynold.s A 
langslow 1983, Ward 1987, Vader ei al. 1988, Wjniess, Harris &. Morris 1985, Webb, Taskcr ,4 
Greensircci 1985. 
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4. TRENDS IN FISHERIES AND FISH STOCKS IN THE NORTH SE.\ 

4.1 The worlds ' marine fisheries 

The rate of growth of marine fisheries has been enormous this century, particu­
larly since the end of the Second World War. Since the 195ÛS, each ye.ir's world 
fish catches has set a new record (Anonymous 196Sb). The expansion of the 
world fisheries showed a threefold increase in 1948-67. Fisheries for marine fish 
alone increased from 13,600,000 tons in 1948 to 46,000.000 tons in 1967. Herring, 
sardines and anchoveta predominated the catch in world fisheries throughout 
1948-67 (33.3% in 1948, 41.7% in '.967), with gadoid fish ranked second (25% in 
1948, 17.4% in 1967). 

The increase of the catch meant to be sold as fresh fish doubled (10.000,000 
tons in 1948, 18,000,000 tons in 1967), whilst the catch in industrial lisheries (for 
fish-meal and fish-oil) and foi freezing grew more rapidiv (industrial fisheries 
1.500,000 tons in 1948, 20.000,000 tons in 1967; fish for'freezing 1,000.000 in 
1948. 8,000,000 tons in 1967). In 1970, the FAO projected the demand for fish 
meal in the world, based on consumption of 2.860.000 metric tons in 1961-63. at 
5,790.000 tons in 1975 and 8,500,000 metric tons in l9Si (to convert ihe demand 
for meal from fish to the demand for fish it is assumed that 5 ions of fish make 
1 ton of fish meal). Since the late 1960s, the international marine fisheries as a 
whole increased much less rapidly, and since 1970 even downward trends can be 
noted. A comparison of landings per species for 1970 and 1975 showes that 
clupeid- and fiatfish catches declined significantly, but that most others still 
increased or stabilized. The largest share of the marine catch (60%) in 1975 
came from the temperate waters of the northern Pacific and Atlantic Occ.ins In 
this report attention has been focussed on North Sea fisheries. 

References /\non>moüS 1968b, Barney 1981, Couper 1983, KLSsel-H.:nier lv70, Schun-.ac.-.er 19ù0 

4.2 Fisheries in the North Sea 

North Sea fisheries are mainly directed to a rather small number of species, 
which can be aggregated in four groups, partly because of their ecologicil 
affinities and partly because they are landed by fishing tleels directing their elfort 
to such a species mix (Daan t-r ill. 1990): 
- four gadoid species (Cod, Haddock, Whiting, and Saiihe), largely demcisal 
roundfish which are often taken by bottom trawl fisheries, 
- truly pelagic species (Herring, Mackerel), 
- small and short-lived species (sandeels, Norxvay Pout. Sprat) which arc exclusi­
vely taken in industrial fisheries, and 
- flatfish (Sole, Plaice), truly demersal and exploited particularly by the beam 
trawl fleet. 

Many more North Sea species are exploited but the lisi has been amen Je J oser 
the years (Holden 1978). Landings data are available I'rc.-n 1909 (see -in) ,ind the 
most imporlaiu species are (after Holden 1978): 
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.SpurJüjï S^jtnihis .icunthias, skales and ra>3 Rajii spp, Conner Eel Conger conger. Herring 
Cliifvü iuirengtLS, Sprat SprcKtiis spraints, Pilchard Clupea pikhardcï. Smell Oinwnis efirlnntts, 
/Vleier Lophius pucniontLS, Cod GadiLi tnorhaa, Haddück Mchi/iogramtmts negIcftntL%, Uhiting 
Merlnngîtis /nerlangiLS, Norway Pout Trisoptenis eimarkii, Pollack Pollaclutis polhtchms, S:inhc 
Polliicliiiis virens, Torsk Urosme brostne, Ling Stolva tnolva. Hake Merhicctiis nwrtiicciiis, Garfiih 
Belone belong, gurnards, mainly Grey Gurnard Eunigla gitma^dnj. Scad Trndmnts tnidtunis, 
Calfisti Anarhtcfias lupiis, wndeel Atrunoilyndiu, .Mackerel Scomber ico/nbnts. Hritl 
Scop/ilhdlimis rhombus, Turtxjt Scop/u/tafinus rmccimuins, .Mcirim Lepiclorliu'nbus n/ti/fntgonis. 
Plaice PlciironecriiS pititessa, IHoundcr Platichiim pesiis, Dab Limnnda limanda, Lenlon Soie 
Microsloimis kin. Witch Glyplocephaltis cynogto'sztis. Halibut Hippoglossoitles hippoglossoules, Sole 

The major fisheries are exploited by four gears: the hook and line, the drift net 
(gill nets), the trawl and the purse seine (Cushing 1982). Other t>pes can be 
found in minor or specialized fisheries. T i e now following descriptions of fishing 
gear are taken mainly from Cushing (\%2). 

Hook and line gear in its most simple form is known from sports anglers from 
small boats or from the shore. Other examples, more important in commercial 
fisheries, are fioating long-lines and demersal long-lines. Demersal long-lines are 
up to 5 km in length and baited hooks are used ever\' two metres or so. 'file line 
is left for a tide while demersal or bottom living fish can take the bait. Unbailed 
hooks arc used for pelagic fishes in floating long-lines. In subtropical oceans tuna 
is fished with pelagic long-lines, with hooks of different shapes and sizes hung at 
variable depths from a main line of some 80 km length. Long-line fisheries 
require many crew to haul and shoot the lines. 

Also gill-nets are either set on the bottom or kept fioated up by buoys, \ o r i h 
Sea Herring was taken by drift nets, until the drifters were displaced by t rai lers 
or purse seiners. A drifter shoots a great number of nets, each llotited up by 
boys from a heasy rope which remains attached to the vessel. The whole s>stem. 
like a long curtain hung from the surface, drifts with the tide and the fish 
migrating with the tide swim into it. 

The rraii7, a net towed behind a fishing vessel, is today used widely throughout 
the world and trawl net fishing became very important when the steam trauler 
was introduced, at the end of last century (Lundbeck 1962). After the Second 
World War, a variety of tralwing gears v^as developed for many purposes. TTie 
trawl was one of the essential gears for the industrial fisheries, adapted to 
mechanization and able to be handled by a small crew. 

The last major gear is the purse seine net. which is a curtain of net shot in a 
ring from a fishing vessel till the circle is complete and the hemisphere is than 
closed below, or pursed, and the shoal of pelagic fish is contained to be taken 
onboard the ship. Today the purse seine is the most powerful fishing instrument 
and because small and adult fish are taken indiscriminately it should be treated 
with care and caution. 

Echosounder uilh trawl and sonnr with purse seine made enormous ch.inge in 
fishing. Spawning and assembly grounds of Herring •ACXC easily detecied by 
cchosouiuling. For herring- or spratlike fish purse seine nets and son.ir 
conibinalion is the most efficient «juipinent )et devised (Cushing 1974. 19S2). 
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Fisheries can be classified in many ways. Biological categories, for example, could 
be fisheries on (a) spawning grounds, (b) on feeding grounds, (c) at hydrographie 
boundaries, and (d) in upwelling areas (Cushing 1982). They can be classified as 
(a) inshore, (b) continental shelf and (c) oceanic, or (a) demersal and (b) pelagic. 
The classification of fisheries into (a) commercial fisheries and (b) industrial 
fisheries, as used in this report (4.3, 4.4;, ic used to i.idicate fisheries of which 
the landed fish is used for human consumption, or of which the landed fish is 
processed into fish meal or -oil and is thus not intended for human consumption 
in the form of fish protein (Goodlad 1989, Madsen 1978). "MLxed" fisheries are 
directed towards species for human consumption (e.g. shrimp or lobster) but from 
which the by-catch is landed for industrial use (Lahn-Johannessen el nl. 1978. 
Madsen 1978) are not discussed as a separate fishery in this report. 

Fisheries data are collected by ICES for certain standard statistical divisions. The 
North Sea is division IV, subdivided into IVa (northern pan) , IVb (central part) 
and IVc (southern part) as illustrated in figure 4.1 or into more particular 
subsectors. 

Hcfcrcnces Cu^hmg 1974, 19S2, Daan et ui (in prêts), Gcodlad (l'JS9, llempel ly7S.ibc. Holden 
1978. Uihn-Jotiannessen, Jakupsslo™ .St 'I'homjssen 1978. Lundbeck 1962, .Madsen I97S. 

4 J Commercial fisheries 

Some of the major trends in pelagic and demersal fisheries in the North Sea are 
summarized below. For a long-term description of the North Sea fisheries the 
reader is referred to Cushing (1982), Hempel (!97Sabc) and Saville (19S0ab). For 
our project, fiatfish directed commercial fisheries are of limited importance and 
these are therefore not treated. Gadoid, Herring and .Mackerel fisheries arc dis­
cussed here in some detail, but it should be realized that most landed fish in 
these commercial fisheries are large; too large lor most seabirds to feed on. 

Catch statistics show that in recent years the pelagic fish stocks in the North Sea 
and adjacent waters (e.g. Herring and Mackerel) have changed considerably. 
Schumacher (1980) described the catch of pelagic fish in the North Atlantic and 
found that the typical trend was a rapid rise in landings followed by a collapsing 
fishery. The North Sea Herring fishery peaked in the mid sixties and declined to 
an all lime low in 1977-78: the Herring catch dropped from an average of 
982,lXX) tons per annum during 1956-60 to only 47,(XX) tons during 1976-80 and 
than slightly recovered (Anderson 1989, Christ'ensen 1971, 1972. Hoydal I9S5. 
Nikolaev 1977, 1981). The North Sea Mackerel fishery peaked during 1966-70 at 
646,(XX) tons per annum and subsequently declined to only .19.000 per annum 
during 1981-85 (Anderson 1989. Christensen 1971, 1972, Hoydal 1985, Nikolaev 
1977. 1981). The common feature in the development of catches of pel.igic fish 
arises from the shoaling behaviour of pelagic species which results in high 
vulnerability to fishing with modern detecting and catching methods (Schumacher 
1980). Corten [in press) argumenled that some pronounced changes in pel.igic 
fish stocks, e g . the shift in Mackerel overxuntering grounds from south of 
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figure 4 1 ICES siûtisiiai divisions in western Europe Tr.e North Sea is shou-n aa JiMsion |V 
(IVa. IVb. IVc). 
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Corns^all in 1965-SO to north of Scotland in 19S2-85, are changes in the biology 
of these fish and cannot be explained by the effects of tishing P''^^^^''^ 

When the various Herring stocks in the North Sea were in the dedine in the 
1960s a eadoid outburst occurred and it was assumed that the two events were 
related (Gushing 1980). Although the causes of the gadoid outburst '̂=•"''"1'=^ 
unknown, the large increases in recruitment could be due to the release of tood 
at an early stage in the life cycle or to rela.xed prédation at any stage belore 
recruitment to the spawning stock. Tne trend in demersal fisheries ' o ^ ^ o ^ 
Haddock, Saithe and Whiting was very similar in that 'h^/^^'S]? ' . " " - ' t ' , 071 ^ 
1951-70 or 1975 and subsequently declined (Anderson 1989, Christensen U71 
1972 Hoydal 1985, Nikolaev 1977, 1981). The Cod calch P^^ed during 1971-7D 
at an average of 260,000 tons per annum, the Haddock catch ' « 9 6 6 ^ ^ ^ ^ at 
377,000 per'annum (partly due to exceptionally large catches oj ö;'^ 000 ton in 
1969 and 672 000 tons in 1970), the Saithe catch during 1971-7D at 242.000 tons 
per annum and the Whiting catch during 1966-70 at 154 0Û0 tons per annum. 
North Sea fisheries for Herring, Cod. Whiting, and Mackerel are discussed in this 
chapter in further detail (4.8, 4.10. 4.11, 4.14). 

4.4 Industrial fisheries 

Industrial fisheries can be defined as "any fishery whose catch is not sold directly 
for human consumption", i.e. the catch is usually converted to fish meal and ish 
oil (Madsen 1978, Goodlad 1988). The main industrial fisheries nowad.ns in the 
northeastern North Atlantic are for sandeels, Nor^vay Pout and Sprat in the 
North Sea and for Capelin in the Barents Sea (Bailey & Hislop 197S). Th. 

io\c species exploited by industrial fisheries have changed over the years and h 
included sandeels. Sprat, immature Herring, Nor^vay Pout, Whiting^ and immature 
Blue Whiting (Gauld e( ai 19S6). The importance ol industrial fisheries in he 
North Sea has grown since it began in the early 1950s. Nowadays industrial 
fisheries take almost 60% of the annual landings of fish (Gauld ei a U66, 
Russel-Hunter 1970, Anonymous l989d). The indtistrial fisheries had doubled the 
output in weight of the total North Sea fisheries during 1960-74 (Madsen 19/S) 
but after reaching a peak of nearly 2,000,000 tons in the mid seventies he total 
landings from industrial fisheries have declined (table 4.1, Ation)mous l9&9d). On 
average some 1.460,000 tons were landed annually from 1974-87 (Anonymous 
19S9d) In recent years. Denmark has accounted for more than 80 ĉ ot the catch. 
Nor^vay for around lOCi and smaller quantities were taken by the Faeroes, and 
The United Kingdom. In his review in 1978, Madsen (1978) indicated .hat indus­
trial fisheries in the North Sea were undertaken by Denmark, the Faroes. 
Federal Republic of Germany, Norway, Sweden, and the United Kingdom. 
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T.ibic 4.1 Toial aiich (tons) in indusuial fisheries in the North Sea during r>>0-SS. ar.J I-mdinis in 
llornngi'Sprai. -ondeel, and Norvay Poui directed fisheries (from .Vfadscn 1978. /\non>mous iy89d). 

Year 

l«0 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
19M 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
19.S0 
1981 
I9S2 
19S.1 
19S4 
198.5 
I9S6 
1987 
19S8 

Sprat/ 
Herring 

21200 
49900 
74400 
115900 
121700 
157000 
121000 
124900 
172SO0 
211500 
159200 
149700 
161800 
155700 
299200 
725800 
.564100 
4.t7«M 
416600 
355.100 
39II00 
342900 
337000 
290400 
314000 
641000 
634000 
314000 
386000 
395000 
3.30000 
293000 
30(«)0 
24.3000 
112000 
11.1000 
56000 
80000 
271000 

Sandeel 

1600 , 
4500 
lOSOO 
37600 
B870O 
105700 
100900 
107600 
120600 
177700 
109.300 
162000 
I2S0OO 
130600 
142900 
1S.S700 
191700 
113300 
191400 
.382000 
349600 
294400 
525000 
42SO0O 
4,<S0O0 
786000 
787000 
5 "8000 
7:'X)00 
569000 
611000 
537000 
W,9000 
622000 
,S4.S000 
82.5000 
893000 

Norw ay 
Pout 

200 
0 

69-.IX) 
26500 
26300 
1.36700 
10-J500 
44200 
35500 
46S00 
178.100 
436S0O 
102600 
217200 
280100 
392400 
394800 
798000 
602000 
471000 
42.SOO0 
3:0(XX) 
384 (XX) 
547000 
298000 
478000 
541000 
434000 
2700(X) 
211000 
177000 
130000 

Toial 
Caich 

28500 
59S00 
92900 
143.100 
154800 
192000 
224900 
269100 
31.5600 
430800 
357000 
305300 
467600 
6O6500 
"6S6(X) 
1187.500 
1435000 
1776500 
1W1600 
ISO'WOO 
149irxx) 
1.5 10400 
1.-01.100 
1626100 
1857000 
l-'^XXX) 
1791IXX) 
16750(X) 
1612000 
I434rxx) 
16750(X) 
1245000 
1452000 
1.15'XX)0 
1250(XK) 
103.1000 
1140000 
1106000 
114'X)00 

industrial fisheries are indiscriminate in the sense that they lake uhalcver species 
are available on the Hshing grounds, it is possible to identify a number of main 
fisheries, characterized by the area and season, vessel size, and fishing gear: 

Sandcel fisheries, for example, are quite distinct in that they operate from .\far 
to Sep in relatively shallow waters using trawls with no mesh size restrictions. 
The Danish sandeel catch rose from 1,600 tons in 1952 to some TOO.IXX) tons per 
annum in recent years. German industrial sandcel Hshcries were in operation only 
from the early 1950s to 1972 (peak 25.500 tons in 1957). the Faeroc^e sandeel 
llshery commenced in 197.1 (1.400 tons) and the annual c.iich ranged from I.2IX)-

leclm R<ipp'>n I'n^lbrschcrminff 5 lî^O) 50 

Trends in fisheries and fish stocks 

18,600 tons since that year, Dutch and Swedish sandeel n^^^ics were 

f^5,T^rorir,^8ra^h'^rSpec.ive,y) and formed a 3̂  

to the total North Sea catch f°^ ""''.^^ l^ '^^.V^o?^ and eady 1980s (maximum 
nsheries started in 1969 and peaked m the late 197* =>"ƒ ̂ ^^^^ ,^ ^ ^ of 
52,200 tons 1982), Tlie tola North Sea sandee " ' '^11;°^^ ' ;^^ '^^^ UK sandcel 

some 900,(XX) tons in 1988 ( A " 0 " y ^ ° ^ ^.^f'');^]]'^^;^^'^"b °a decrease in the nsheries, mainly in operation around ^heiland, was cau ed oy _^^ 
relative «onomic viability of sar^eebcomparedjowh^^^ ^^ ^_^,^^^^ 

- t ^ ^ ^ ^ ! ^ d r ; r r ^ a ^ S ^ ^ e i r ^ - £ ^ - No^ sea bct^n .51 

important by-catch. 

(41U,öUU ions;, i 7 / t K^^' ' innionniXl Inns DCr annum between IV/.^ 
ons). The Nor^vegians landed some 100-200.«W '"n^ pcr^ann ^ 
73^ktri :° ^ : t ^ ' ^ ^ e l ^ n ^ r r ^J::::^o^n: :Xr .nŝ mn. 
c\^n^;rre°j:m';eU (.985.^ .ess than ,0,00) tons) b u t ^ 

K ^ n d ^ r r ^ ^ . . n . . ^ t ^ h a s b ^ ^ 
r96^""Gauld"r«? 0 9 ^ -nbuf^d t^e^^w 1985 catch to a reduction in Hshing 
effort compared to 1984, low stock size and poor recruitment. 

markedly, to 2S,000 tons in 1988, the lowest catch since at least 1974 (,\non> 

mous I989d). 

most Sprat is taken in autumn (54..i^c Julbcp, ^xv o uci uec;, y 
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and Norwegian fishermen (1975-81 87.7 and 12.3% respcctiscly). Theoretically, 
this fishery is regulated by a "10% herring by-catch limitation". However, uhcrcas 
this fishery took mainly Sprats up to 1981, the greater part of the catch is now 
Herring (following the collapse of the Sprat stocks and the recovery of recruit­
ment to the Herring stocks). The industrial landings of Sprat peaked in 1975 and 
1976 (641,000 and 622,000 tons respectively) and have declined significantly '.incc 
1982 (1986 only 16,000 tons, 1987 and 1988 slight recovery to njm and 92.(XX) 
tons). Herring "contributed" in the industrial Sprat fishery with peaks of 15.1,0(X) 
tons in 1982, 155,000 tons in 1983 and 179,000 tons in 1988 (50, 64, and « % of 
the Sprat catch in these years). Tiews (1978c) reported on bycatchcs in the 
German industrial fishery on Clupeoid fish during 1951-73 in the German Bight 
and found that the total amount of Herring and Sprat in the catch could be as 
low as 34.4%, The most abundant by-catches were Whiting and Haddock. The 
available data on by-catch composition are not always very accurate. In the 
Norwagian prawn fisheries in the Norwegian Deeps, Blue Whiting and Greater 
Silver Smelt tend to be the dominating species, but they are recorded as Norway 
Pout (Lahn-Johannessen et al. 1978, Thoma.ssen 1974)!' 

North Sea fisheries for Sprat, Norway Pout and sandeels are discussed in this 
chapter in further detail (4.9, 4.12, 4.13). 

References Anderson 1989, Anon)-mous 1984, 1989d, Aver)' & Green 1989, n.nilc) 19S0, B.iilcv, 
Gauld & Kunzlik 1989, Dailey & Uislop 1978, Blake 1983, Chrisicnscn 1971. 1972, Conen 199Ó, 
Couper 1983, Gushing 1980, 1982, Duffy el al. 1987, Furncss 1982, Furness & ,\jnlcy 1984, Gauld, 
McKay & Darlcy 1986, Goodlad 1989, Hempel 1978abc, Heubeck 19S9. Ilwdal 198.1, Jolinvm 198.3, 
Kuazlik 1989. Lalin-Johanness«n, Jakupssiovu & Thomassen 1978, Macer \9(r6. N(ad.s<;n 1978, 
Nikolaev 1977, 1981, Russel-Hunlcr 1970, Saville 19S0ab, Schumacher 1980, Thomassen 1978. Tiens 
1978c. 

4,5 Impact of fisheries on fish stocks and suggested interactions 
among fish stocks 

Severe reductions of biomass of fish occurred immediately after the introduction 
of "modern" (steam engines) trawlers at the end of the last ccntur)' in demersal 
fisheries (Lundbeck 1962). As far as known, these slocks have never since 
recovered (Furness & Monaghan 1987). The potential recovery of these slocks 
was demonstrated during both the First and Second World Wars, when fishing 
effort was low (Russel-Hunter 1970). Slock depletion due to overfishing following 
the introduction of some new fishery has occurred in a number of cases. Perhaps 
the best known example is the overfishing of major Northeast .Atlantic Herring 
stocks in the 1960s and 1970s and the fishing ban (Jakobsson 1985). Histor>' has 
Icar.Tt that the development of the fisheries can be characterized by overinvest­
ment in new and more powerful vessels (Daan l9S0h. Ovcrcxploilalinn of .sleeks 
is therefore a constant risk. Generally, high exploitation rates result in (folKwing 
Furness &. Ainslcy 1984); 

- a reduction of the biomass of the stocks 

- a reduction in the average and range of sizes of fish within a population 
- a reduction in population distribution 
- increased patchincss of distribution 
- increased susceptibility lo random fiuctuations due to variations in recruitment 

UJm !l::pi,ar, l'„srll^xl,em,i„g 5 ,I-M„) 
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Some pelagic fish stocks have shown long-terms trends in abundance and 
distribution that cannot be explained by changes in fishing effort (e.g. Gushing 
1982, Gorten 1990, Furness & Monaghan 1987). The essential point is that not 
all the recent changes in fish stocks in the North Sea can be put down to fishing 
(cf. Bailey 1989). Many fishery biologists have concentrated on fishery-induced 
changes rather than environment-induced changes for obvious reasons. Fishing 
effort can be quantified, while small environmental or climatic alterations are 
very difficult to detect. However, several factors may act simultaneously and a 
proper understanding of the effect of fisheries is possible only if natural changes 
can be identified and quantified (Cortcn 1988). 

Recent studies of fish stocks and fisheries more and more concentrate on 
interactions between fish stocks (e.g. Gislason & Helgason 1985). The cITect of 
fisheries as described above on fish stocks may be true but side-effects should 
not be ignored. Measures taken on the exploitation of one fish may have 
unexpected effects on other fish stocks. In the North Sea yields of demersal fish 
increased in the 1960s, coincident with a massive decrease in stocks of Herring 
and Mackerel (pelagic species), as ? result of a substantial increase of fishing 
effort directed at these two species (Gushing 1980). The increase of demersal 
stocks resulted from several years of exceptionally good recruitment, which may 
have been the result of reduced prédation on larvae by the pelagic fish species. 
Similarly, a major increase in sandeel stocks appears to have occurred in the 
North Sea as a response to reduced competition with Herring and Mackerel 
(Andersen & Ursin 1978, Sherman el al. 1981). More recently, now that the 
Herring stocks are recovering from severe overfishing, increased prédation of 
sandeels by Herring may have caused the recruitment failures in sandeels and, 
hence, the reproductive failures in seabirds in Shetland in the 1980s (Heubeck 
1989a). Measures to "protect" the current size of seabird populations could thus 
be an increase of fishing effort on predatory fish rather than the closure of 
sandeel fisheries. The interactions between fish stocks are not at all fully under­
stood and thus measures to ban, develop, increase or reduce fisheries may have 
all sorts of (unwanted) side-effects. 

References Andersen & Ursin 1978, Dailey 1989, Concn 1900, Cushmg 19S0, 1982, D.lon 19,S0h, 
Furness & Ainley 1984, Furness & Monaghan 1987, Gislason & Helgason 198.S, Ileutvck 1989a, 
Jakoljsson 1985, Lundtxck 1962, Russel-Hunier 1970, Sherman el al 1981 

4.6 Databases, stock assessments and fish stock management 

4.6.1 Databa.ses on North Sea fish stocks, an introduction 

The research on fish stocks and distribution of fish by fishery institutions is 
directed in the first place towards commercially interesting species. Stocks of 
unexploitcd fish in the North Sea are therefore relatively unknown. Landings 
data in the eastern North Atlantic are submitted to the International Council for 
the Exploration of the Seas (ICES), Kobenhavn. ICES was founded at the end 
of last century. Statistics derived from landings data and from svtem.itic sur^evs 
by fisheries institutes are treated separately in the following accounts. 
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4.6.2 Landing statistics and their use lor total fish stock .inaKsis 

Commercial fisheries statistics are the main source of data currently used lor 
stock a.ssessments. Landings of fish from the North Sea, defined as ICES subarea 
IVa, IVb, and IVc (i.e. excluding the Skagerrak) have been published since 1909 
in Bulletin Statistique des Pêches Maritimes. Catch statistics are quite useful 
since they are directly related to the problem of estimating fishing mortality (i.e. 
the amount of fish removed from a stock through fishing. However, se\eial ques­
tions cannot be answered using these data alone and systematic surveys with 
research vessels are needed in addition. Landing statistics offer data on amount 
of fish landed (per fleet, age composition of the stock and length per age-group, 
and the amount of time spent fishing. Periods during which member nations of 
ICES contributed landings data for the North Sea to ICES are listed in table 4.2. 
The number of countries submitting data has increased steadily, partly as .some 
nations e.xtcnded their fishing activities into the North Sea and partly bccau.';e 
more and more countries became members of ICES. The record is therefore in­
complete, although from 1931 onwards it probably includes most of the landings 
(Holden 1978). Catch statistics for certain local fisheries may etist over 
considerably longer periods. Lindquist (1978), for example, describes de^clop-
mcnts in Sprat fisheries off the Swedish coast since 1S59. 

4.6.3 Methods in assessing total fish stocks (biomass) 

I'/rti/fl/ Population analysis (VPA) Fish stock assessment within ICES is mostly 
based on the models of Beverton &. Holt (1957), in particular through one of its 
derivatives, the Virtual Population Analysis (VPA: Gislason & Hclgason I9S5). 
VPAs are based on an analysis of catch data of the commercial fishing fiect, 
supported by special surveys carried out by fishery research institutes. VPAs are 
used for the assessment of the fish stocks and work more accurately for long-
lived species than for short-lived species. VPAs are also used for predictions and 
management recommendations. A detailed description of the VPA using estima­
tes of fishing mortality in the West Greenland Cod stock is published by Schuma­
cher (1970). An investigation of the accuracy of the VPA using cohort analysis 
(each year-class of a fish is called a cohort) is published by Pope (1972). The 
VPA model is a single species model, i.e. each fish species is treated indepen­
dently of the others and there is nothing in the calculations which allows for 
species interaction (Gislason & Helgason 1985). Recommendations on stock 
managements derived from VPAs can call for measures which lend to changes in 
certain fish stock sizes by an order of magnitude. Everybody knowns that such 
drastic changes may infiuence other species also, but nevertheless conclusions 
were drawn from these single-species models. 

Ticlut Iit]j'l'im I Dfylbfuhirrniriii S i.'OOO) 
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Table A 2. Periods during which member nations of ICHS contributed landings Jaia for ihc North 
Sea fisheries lo ICES Bulletins Sirttunqm (after I lolden 1978). 

Belgium 
Denmark 
Faroe Island.s 
France 
Germany 

DDR 
FKG 

Iceland 
Nclherlandi 
Norway 
Poland 
Sweden 
U.K. (England 
U.K. (Scotland 
USSR 

1909-12 
1909-38 
1932-34 
1925-38 
1909-38 
1961-
1946-
1933-34 
1909-38 
1909-.38 
1931-38 
1914-38 
1909-38 
1909-38 
19.S5-

1920-38 
1940-
1936-38 
1947-
1940-45 

1936 
1940-44 
1940-
1955-
1940 
1946-
1940-

Multi-species Virtual Population Analysis (MSVPA) is the present answer on the 
problems resulting from the single-species treatment in the \ T A - Medols of 
species interactions are numerous (e.g. Ursin 1982). Gislason & Hclgason (19S5 
point out that prédation, calculated within the model from the food selection of 
the predators, their yearly food intake and the average stock sizes, is very 
important. On average the total biomass of fish estimated to be predated by 
other fish amounts 1.6 times that removed by the fishery. The introduction of 
prédation mortality changes the exploitation pattern calculated by traditional 
VPA. The most salient effect of introducing predatory interactions in the VPA 
for the North Sea is the increased mortalities for the younger age groups. 
Sparholt (1987) suggests values for residual natural mortality (i.e. prédation 
mortality caused by "other" fish predators than the MSVPA predator species, by 
seabirds and seals, and the mortality caused by diseases, spawning stress, physiolo­
gical based mortality and so on). Multi-species VPAs, which are currently being 
developed rather than ready for use, will change yield per recruit, mesh-size 
assessments and other measures since it seems likely that much of the current 
advice, which is based on calculations where the same natural mortality has been 
applied to all ages, is wrong (Gislason & Helgason 1985). 

Reference! Anderson 1989, Dcvcrtcn & Holt 1957, Chnslcn.scn 1971, 1972. Daan '.'""̂ Oh. Oislason 
& Helgason 1985, Holden 1978. Hosdal 1985, Lindquisi 1978, Nikolacv 1977, l')Sl, Pope 1972, 
Schumacher 1970, Sparholt 1987, tJrs-.n 1982. 

4.6.4 Management of fish stocks 

Ttie catches from fish stocks obey the law of diminishing returns (Pope 1982). 
Thus, if fishing effort is doubled on a fish stock the catch in the long term will 
not necessarily be twice as big. The typical production function for a fish stock is 
a curx'e running from A (no fishing, no catch) up (more fishing effort, more 
catch) to a point B. Any further increase in fishing activity, beyond point B, will 
lead to a decreasing long-term catch. The catch at the pe.ik of the sield curve 
(poinl B) is called Maximum sustainable yield (MSY). Levels of fishing beyond B 
are regarded as over-fishing. 
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The basic ideas behind a Total allowable catch (TAC are very simple. The 
objectives of fisheries management are generally expressed as "desired level of 
fishing mortality", or the proportion of the available fish which is intended to be 
caught in a year. The TAC is thus simply an estimate of the exploitable biomass 
of fish in that year (Pope 1982). 

4.6.5 Methods in assessing the distribution of fish 

International Young Fish Survey (PiTS) What was initially set up as the 
International Young Herring Survey (lYHS) has changed in the course of some 
.10 years into the "International Young Fish Survey (lYFS)". The distribution and 
relative abundance of fish is studied in the lYFS and this is mainly based upon 
catch per unit effort. These surveys are carried out in February, were first 
conducted in the 1960s, and arc repeated annually since that time. Participants in 
1989 in the lYFS were Denmark (MV Dana), France (.\IV Thalassa), West 
Germany (MV W.Hcrwig), the Netherlands (MV Tridens, MV I.sis), Norway 
(MV Eldjarn). Sweden (MV Argos), and the United Kingdom (England: MV 
Cirolana and Scotland: MV Scotia). For all details on (present) survey metho­
dology, the reader is referred to the lYFS Manual (ICES, Doc. CM.'1986/ H-2). 
Details on the standard analysis of data are described by Pedersen (1989). 
-Annual and special reports on these surveys have been published through ICES 
and these reports are all available in the library of RIVO IJmuiden. From the 
lYFS, information on the distribution, relative abundance, age (group) and length 
of a number of fish species can be obtained. Rectangles on maps used for the 
lYFS measure 0.5° latitude x 1.0° longitude, and thus each equal 4 rectangles 
which are used to present seabird distribution data. Fish is sampled with a Gov-
trawl (multi-species; 1-4 hauls per 0.5*1° square). More recently. Herring and 
Sprat larvae are sampled with an Isaacs-Kidd Midwater Trawl (IKMT; 29.1 hauls 
in 1989). The lYFS offers also information on hydrographie conditions (567 
hjdrographic stations were worked in 1989; Anonymous 1989c). Examples of the 
distribution of fish in the (southern) North Sea are presented in the species 
accounts. Number of fish per hour per haul in each age group for each rectang­
le, mean length per age group per rectangle, and number of hauls per rectangle 
are standard maps given in the annual reports. Species included in the analysis in 
the 1989 report are Herring, Sprat, Mackerel, Cod, Haddock, Whiting, and 
Norway Pout. Bottom temperature and -salinity and anomalies of surface 
temperature and -salinity (relative to the 1905-54 mean) arc mapped The lYFS 
docs not provide adequate information on the abundance of sandccl (wrong net) 
and also data for Mackerel are regarded as being poor. Sprat data were seriously 
biased towards larger and older specimens prior lo 1980 (IKMT was introduced 
in 1980) Since the lYFS is carried out in February, this information is highly 
valuable for our purpose: a comparison of fish distribution/fish slocks and seabird 
wintering distribution. 

Eiif^li-sh grounilfish suneys In the summer of 1977 a series of trawl "iur^cjs for 
demersal fish in the North Sea began, named the English Groundfish Surveys 
(EGFS, Harding el ai 1986). Groundfish surveys were planned to run lor at least 
ten years to establish a time series of data which could be used to study the 
biology and ecology of demersal fish and certain problems of the Oshcrios 
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management. Some of the objectives were: to measure trends in the abundance 
of demersal fish, to determine the proportions of species caught in order to 
describe a mbccd fishery, to describe the distribution of gadoids and some 
industrial fish species and to estimate the abundance and the distribution of 
species poorly sampled by the commercial fleet. To ensure year-to-year compara­
bility the surveys were carried out in late summer (Aug/Sep) each year by RV 
Cirolana, using a standard bottom trawl with a fine mesh liner in the cod-end to 
retain juveneniles and small fish as a survey instrument. By repeating these 
surveys annually, it is possible to monitor changes in the abundance of fish (at 
each age group) and hence to estimate mortality directly. Yang (1982) used the 
results from groundfish surveys to estimate total biomass of fish stocks and the 
relative abundance of all species (with assumptions on catchability). Daan et al. 
1990 used both results of groundfish surveys and from lYFS to estimate total 
biomass of fish stocks in the North Sea. From the EGFS additional age-at-lcngth 
data is provided to supplement material collected from commercial landings. 
During the first 5 years (1977-81), 46 stations have been sampled. These stations 
were chosen at random within five depth bands for 9 groundfish areas in the 
North Sea. During the next 5 years (1982-86) up to 35 more stations were added 
to the sampling grid to give better spatial coverage of the North Sea (Harding et 
ai 1986). 

Scottish research vessels Richards et ai (1978) discuss trends in Scottish Re­
search-vessel catches of various fish species in the North Sea during 1922-71. In 
their analysis data were included from hauls with otter trawls or wing trawl from 
RV Explorer I, RV Explorer II, and RV Scotia I, with a small mesh cover over 
the cod-end. Only hauls made at depths greater than 30 meter were included in 
their analysis to eliminate possible bias due to intensive, but irregular, sampling 
of inshore "nursery" grounds. Nine species occurred commonly in the research 
vessel catches: Cod, Whiting, Sailhe, Norway Pout, gurnards. Dab, Plaice, Lemon 
Sole and Long-rough Dab. 

Acoustic surveys Echo surveys are meant to estimate the population size of 
pelagic fish, by using echo-sounding equipment to plot the density of fish. The 
interpretation of these data is extremely difficult, particularly where various 
pelagic species are found in the same area. It is difficult to obtain accurate 
estimates of abundance bccau.se of the size of the area to be surveyed, logistic 
problems and technical problems in interpreting the echo signals (Pope 1982). 
However, echo surveys can be most valuable when carried out together with 
counts of predatory seabirds. The aggregative response ol Guillemots and Puffins 
to their prey was demonstrated u.sing echo-surveys and at sea counts by Piatt 
(1988) and Leopold (1988). Echo-surveys are useful to locate small enriched 
areas which may be important for seabirds such as the Frisian front, as demon­
strated by Leopold (19S8). However, without sampling the fish causini; the echo-
traces we do not know the species and therefore the presence of a trace on the 
sounder does not necessarily indicate a fo(xl source that is suitable or available 
to the birds (cf Burton el ai 1987). 

Reffrrnces Aglen .̂ . Iversen I'J.SO, Anonvmous !%'>. I'Yv'ta. 1%'), |i)7l, li)74. I')7':.ih :'>-f,. 
1977nb, 1978, 1979. \<>ffi, 1987a, PJ.'Wa. i989c, IS.ikkcn 1972, Decker & C'orien 1974 Bunon ei nl 
19S7, Coricn 197Sab. I97&ih. I977at). 1978abc, 1979,ih. lOROab, Corlcn & Kuiler 19-'!. 1974, Dnan 
1909. 1972. 197.1, 19"4, 1976, 1977. 1978, 1979ahcdefeh. 19Snnhcdcli;h. U.ian el al 1"-X1. PJwards 
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& .MacKjy 19S4, Eduardi, Wilwn & iîailcy 1979, Fortxs & Huicheon 1984, Oamboll A Sjhrh.isc 
1961, Gamtx-ll « al iv.\, \M2, .'larding, Woolner & Dann 1986, Johnson 1974, 197,S. 1979, 19.S0, 
1984, Leopold I9S8, McKay & Edwards 1985, Pian 1988, Pcpc 1982. Poslu.nia 1968, 1969, Poimma 
& Kuiicr 1971, 1972, 1973, Po îuma & ZijMra 1969, 1970, Richards ei al 1978, Richard«n ei al. 
1959, Rogalla 1966, Saville 1967, Schutxn 1970, 1972, Smcd 1970, 1971, 197.1ab, 1974, 1975. 1976, 
1977, 1978, 1979, 1980, Walsh 1974, 1977, 1979, Yang 1982, Zijlsira 1964, 1966 

4.7 Kehitive abundance of fish species in the North Sea 
and estimates of total biomass 

The total North Sea fish stocks were estimated to fluctuate from S to 9 million 
tons between 1960 and 1976. In 1977 and 1978, Yang (1982a) estimated the total 
fish stock at 1 January 1977 and 1 January 1978 in the North Sea and presented 
9.700.000 tons biomass as a mean of these years. The biomass of each species 
was calculated from abundance indices, derived from catches made during the 
English groundfish surveys in 1977 and 1978 and biomass estimates of standard 
commercial species (Yang 19S2b). Only 18 species/groups of fish, out of a total 
of some 224 species, represent 90% of the estimated total biomass (table 4.3). 

Table 4 3. Btimalcs of loial fish stocks biomas-s (lon.5) in ihe ,Vorlh Sea .Mean for 1977 and 1978, 
measured ai 1 January (from EGFS, Yang 1982) 

Species 

Slarry Ray Raja raiitata 
Herring CItipea hnrengtu 
Sprat Spramis spmtlits 
:\r^cnunei Argentina vpp 
Cod Gadiu tnorlma 
Haddock Sfelanogranvniis ae^lefmiis 
Non^ay Pout Tnsoprgnis esmarkn 
Saithc PoUachttis vtrens 
Silsery Pout Gadictihts argenteus 
Whilrng Merlangtia merlangiis 
Blue Whiting Micromesisnu pontaswu 
Grey Gurnard Eatngia giimardiis 
Scad Trachunts trachunts 
sandccls/4/«morf)rit/atf 
Dab Liinanda limanda 
Mackerel Scomber scombnis 
Plaice PUuronecnL^ ptalessa 
Long Rough Dab Ihppoglo^sntdes plaie^sotdes 

Total biomass (logs) estimate 

Biom.ass 

-

453.100 
2':o,f*o 
755,300 
401,600 
386,800 
246,400 
591,600 
595,300 
251,400 
.355,600 
154,200 
639,200 
223,200 

1,312,100 
744.200 
637.600 
5.TO. 200 
227,200 

9,73S,200 

4 7 
2 6 
7 8 
4 1 
4 0 
2 S 
6 1 
6 1 
2 6 
37 
I 6 
6 6 
2 3 

13 5 
7 6 
6 ^ 
5 4 
2 3 

Tlic Herring stock had just collapsed and reached an all-time low in 1977-78 
(Anonymous I9S9b), so the proportions in tabic 43 w.ere probably ai\pical. 
Anolhcr problem in Yang's data is that the trawl used on the sunovs only 
clfcctivcly samples demersal llsh on offshore grounds, and only 9<) species ha\e 
been taken since the siir\eys commenced in 1977 (Da.in cl ul. I'J<)0). Harding el 
ill. 19.Sf)) Better e.slim.ilcs o( total biomass in the North Sea are made by Spar-
holt (1987). Irom English Groundfish Surveys (EGFS) in summer ,ind the 
Intern.ilional Young Fish Survey (lYFS) m winter. Sparholt noted the 
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tremendous difference in biomass comparing the first and third quarters of a 
year, mainly caused by the immigration of 500,000 tons of .Mackerel and 
1,5(X),0(X) tons of Scad into the North Sea during the third quarter. Although 
there are discrepancies in the reliability of the various bioma.ss estimates, 
Sparholt's method is at present the best way of dealing with a wide variety of 
species, including fish of little or no economic value (Daan el al. 1990). 
Estimates of total biomass of fish in the North Sea following Sparholt's methods 
ranged from 10,868,000 tons (1985) to 14,719,000 tons (1982) (Daan el al. 1990). 
The estimated mean over 1977-86 was a total biomass of 12.257.(XX) tons, with 
Herring (11.7%), sandeels (14.6%) and Dab (17.2%) representing 4.3.57c; (table 
4.4). Trends, calculated from these biomass estimates, for fish species studied in 
this report, showed that Herring and Haddock increased, while Sprat, Cod, 
Whiting and Mackerel decreased significantly (Spearman Rank Correlation test, 
1977-86, p < 0.10 (2-tailed), n = 10; see species accounts). No (significant) trends 
were found for Saithe (stable or slight increase). .Norway Pout (Ouctuating) and 
sandeels (fiuctualing). 

4.8 Herring Clupea harengus 

The Herring is an extremely abundant fish in northssestcrn Europe, but it has 
widely been overfished so that it became less economically valuable in the late 
1970s (e.g. Burd 1978, Jakobsen 1985). Herring v.3% estimated to represent on 
average \\.l'7c of the total biomass of fish stocks in the .North Sea in 1977-86 
(Daan el al. 1990), with an all-time low of 1.8% in 1977. and a significant 
increase since that year (rs 0.99, n = 10. p < 0.02. two-tailed). The Herring 
usually swims in schools near the surface or in coastal waters. M all stages of its 
life the Herring is preyed upon by numerous predators, including other fishes, 
seabirds and marine mammals. Herring is capable to grow to a ma.ximum length 
of over 40 cm (680 g; Wheeler 1978), but fish of this size are extremely rare 
nowadays (A. Cortcn). 

4.8.1 Calorific value, biomass and utilization by seabirds 

The weight-length relationship of (young) Herring, where W = total body weight 
(g) and L = total body length (cm) is given by Harris & Hislop (1978) as W = 
0.00254 L ' ' ̂ ' . The calorific value of Herring is probably similar or slightly less 
than that of Sprat (Harris & Hislop 1978. M.L. Tasker).' Adult Herring (o\cr 21X) 
mm total length) are probably tCKi large to be swallov.ed by Alcidae and 
Kittiwakes. Gannels are probably capable to cope with all age classes and 
Fulmars may tear large Herrings discarded from trass Iers apart (C.J. 
Camphuysen). From the [YFS 1989 it can be shown that the mean length of 1-
group Herrings in the Central North Sea already exceed 200 mm in length 
(Anonymous 1989c) and. hence. 2-group Herring are clearly too large for most 
seabirds. Future studies should thus mainly focus on sm.ill (O-group. 1-group) 
Herring. 
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Tihlc -14 I stimnic of total biomass of frsh in the Vorih Sea m^in for l'>"7 S/i following Sp.i"iolts 
{1 J*!?) meih(xJ from lYFS in «.inicr and E O l ^ in summer by [)aan ei nl (I^-X)) and proportion of 
species estimated at > 10 000 tons 

Toial biomass (tons) estimate 
1977-56 

12257000 

Sturdog Squnliis acanifuas A 
Starry Ra^ Haja radia/a F 
"^pviiied Ray Raja rrwntagut F 
CiAtoo Ray haja naextis F 
TTiornbnck Ri) Raja claxata F 
I k r n n g Cltipea harengiis C 
Sprat Sprarnis sprainu C 
Lcvîcr Silver Smelt Argentj^a sphyraena B 
GreiiLr Silver Smelt Argmima suits B 
Anclerfish Lophuis piscnomis A 
Cod Gaiiiis morbua A 
Haddock Afelanogra/nfmis aeglefiniis A 
Wfiiting Merlangiu'. merla/igns A 
[3luc Whiting ^ficromesuius pouiaswtt B 
Poor Cod Tnsopfents miminis B 
Noruav Pout Tnsoptenis esmarht B 
Bib Tnwpienis liaciis B 
Pollack Pollachiiis poltachiiu A 
Saithe Pollachuis wens A 
I ing \fol\a moha A 
Hake \ferliiccitts merluccius A 
Norway Haddock Sebasfes M\ipanis B 
Grey Gurnard Eumgia giimardus A 
Scad Trachtinis trachunis F 
I es5er Weever Tracfumis w/vm F 
Cil fish Anarhichas lupus A 
*;andee!s Airunodyndae D 
Dragoneis Cathonymudae F 
^obics Gobttdae D 
Mackerel Scomber scombnis E 
Nîcgnm Lepuiorhombits v.hiffiago/its I 
lurbot Scophthahmis maximiis F 
Plaice Pleuronecnis plaiessa F 
Dab Liinanda limanda F 
Lemon Sole Microsfomiis fan V 
Witch Gl\p(ocep!ialus cynoghssiis F 
Long Rough Dab Ifipjpoglo^wides plaiessoides F 
Sole Soha solea F 

group A (demersal gadoids) 
group B (pchgic gidoids) 
group C (clupcid) 
group D (vindecls) 
group r (Mackerel) 
group F (flTifish and soks) 

175^0 
10S400 

16100 
45ÎOO 
11600 

1418700 
474400 

18100 
24200 
.19900 

669700 
826400 
641000 
S4400 
91600 

7il50O 
lO^OO 
ISSOO 

iSMOO 
29100 
10600 
21i00 

20^800 
426700 

ICKSOO 

19100 
17SS600 

17400 
45000 

34'J6O0 
22500 
11600 

4S1100 
2110000 

177S00 
14500 

226100 
54100 

1244000 
1010000 
1916000 

n^nioo 
77^000 

155<X)00 

14 
25 
01 
04 
01 

117 
19 
0 I 
02 
03 
';5 
67 
^ 2 
07 
07 
61 
01 
02 
4S 
02 
0 1 
02 
17 
1 Ï 
01 
02 

146 
01 
04 
2S 
02 
01 
40 

172 
1 5 
0 1 
1 S 
04 

26 5 
82 

156 
14 1 

6 1 
29 0 
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4 8 2 Herring nsher.es m the North Sea and total stock size 

North Sea Herring is usually grouped into three - ^ . ^ f ";^"' " " ' " j ' ^ t g ' j ' ; ^ 
northern, central and southern ^.'orth Sea stocks (Corlen 1986) B"^^ ('-'«^) 
evaluating the recent changes in the central and southern Herring '̂"^"^ 

leidmfT to the collapse showed similar features for all the Herring stocks a snarp 
™ e m catches over a few years, followed by a rapid decline and a f.shing 
" a n A V r . h e r ; North Sea sLck declined ,n 'he •9505 pro ^t^> a^ a result of 
ovcrnshing, and it remained at a very low level until the late 19 us ('-'J"':" 
1986) T^e central and northern stocks gradually dec ned 'hroughout the 1960s 
and early 1970s, as a result of overfishing of 'he «dult coniponcnt nd the 
removal of a large number of juveniles by an '"dustrial fis e^ Cor en 1 S6 
Burd 1982) The advice «as given to close the entire North Sea Hcrrms ishcry 
and this advice-as put in eltec. in March 1977, but a - - f ' V " ^ " " " ' " * ,̂  
fu" er île Herring continued to be taken as by catch in the Sprii H.herics Onlv 
he southe ock esponded promptly to the protection measures and a .enes 

nf strnnp vear classes was produced from 1978 onwards (Corlen 19s6) The 
fihTr^inlh^sou hern North Sea could be opened in 1981 Tliere v.is no sign of 
recover; of the central and northern stocks until 1982 and in act the spawning 
Stock oT the northern unit further declined since 1979 (Burd 19S^ Cor en 1986) 
^ ° f Herring "shery was Onallv re opened in 198. In cMimatcs of - a biomass 
of fish in the North Sea, Herring represented only c 2^c in 1977 and \Ji» 
(Yang 982 Daan et aùn press) Following a steady and - S - -->"• - ; , ' -f ,^^, 

1977-86, rs 0 99, n= 10, p< 0 02), this species was cs.im itcd o rcrr^scn. about 
20<̂ o of the total biomass of fish in the North Sea in 198. 86 (Daan a a IJJV) 
The ove aU rend in the North Sea Herring stocks was a total biomis. ot 
ToSo ^ 5 (i5S,000 tons in the early 1960s, a steady '•-line to an . time ow of 
some 2.0 000 tons in 1977 and a recovery to just over ^.000 000 tons '" he ',ue 
mViy?K, Anonjmous 1989b, see figure 4 2) Gislason ƒ Helgason (19SD) 
estimated the stock biomass of Herring from MSVPA to decline from some 
' 4 M 000 tons in 1965 to an all time low of 350,000 tons in 1977 Tnc c tch 
u Z ' a v e r a g e landings in 5 jear periods from Bullenn ^' ' ' '" ' ' '? ' 'Vf ^l^Pf^^^"^., 
nearly 1,000,000 tons during 1956 60 and 925,000 tons during •;̂ '̂ f'; ' " «4,000 

\arJ. m JQ4 000 inns in 1971-75 and an a lime low ot 4/ (MXJ tons 
^ r ^ ^ 9 7 t 8 0 ^ n h e ' ^ a r ^ l 9 8 t e . h e landings averaged 195000 ton. (Anderson 
1989 ChrLtensen 1971, 1972 Hoydal 1985, Nikolaev 1977, 1981) Lone term 
change?mN"rfh Atlantic and North Sea Herring stocks and hsheric irc 
described by Burd (1978) and Schumacher (1980) 

The Herring spawning grounds are situated around Scotland oil northeast 
Sgl.ind an^ ,n the English Channel and the larval drill ' - -P^- 'V^ '^ , , ' : : ^ 
into the nursery areas in the German Bight the Skagcrrak and the kiitcgu 
Corten "986) Recent studies of the abundance and disiribution ot o month old 
S g during IK.MT simplmg in February have shown that 'he " - m numbers 

of hrvae cer Standard haul were highest in the southc istern North be 1 in 19/9 
s l where'^they -ere virtually absent between 1976 and 1978 This method ol 
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figure 4 2. Norlh Sea Herring slock (VPA), 1960-SS (afler Anonjmous l';S9b ) 

sampling commenced in 1977, i.e. in the middle of the low recruitment period, 
but the present situation with high densities in the eastern North Sea is conside­
red "normal" (Corten 1986). In the lYFS of February 19S9, I-group Herring was 
mainly found in the southeastern and eastern North Sea (north to c. 57° N) and 
in the Kattegat! (figure 4.3; Anonymous 1989c), 2-group Herring was particularly 
abundant in the central North Sea and in the Kattegatt, while .1-group and older 
Herrings were found in high densities in the central and northwestern North Sea 
and in the Skagerrak and Kattegatt. Gislason & Helgason (1985), in their 
compilation of lYFS data, indicated that "young" Herring ssas mainly distributed 
in inshore waters off the Danish, German, Dutch coast, while older Herrings 
mainly occurred in offshore waters in the northwestern North Sea. 

4.S3 Herring data sets and their use in future studies 

Herring were sampled in the lYHS and lYFS in the 1960i. 1970s and l9SI)s 
using a Gov-trawl, while [K.MT sampling for immature fish commenced in 1977 
(.Anonymous 19S9c, Corten 1986, Daan~19Sla). From the IK.MT .sampling. ,i 
mean of index values and of larval mean Icnglh.s is calculated for each standard 
rectangle and mean abundances have been calculated for larger areas (see for 
these areas ICES C M . 19S9/A.ssess.: 17). From the Gov-trawl sampling, the 
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figure 4.^. Distribution of 1 group Herring in February 1989 from lYFS in ihe southern North Sea 
(after Anonymous 1989c). 

number of hauls per standard rectangle and the number of 1-group. 2-group, and 
.3-group and older and the mean length of 1-group fish are usually gis en 
(Anonymous 1989c). Burd (1982) described the relationships between the 
different independent estimates and that derived from VPA. He concluded that 
the lYFS I-group index provides a valuable assessment of the 1-group stock in 
the North Sea but does not, however, fully reflect the state of the recruitment of 
North Sea spawners. 
Data from the lYFS Gov-trawl in Febi^aiy 1989 showed that 2- and .Vgroup 
Herring occurred abundantly in the northwestern North Sea and in the Skager-
rak/Kattegat area. These fish arc probably trxj large for consumption lor Alcidae. 
1-group Herring, average length 1.10-160 mm, occurred most abundantly in the 
southeastern North Sea, the eastern North Sea and in the Skagerrak Kattegat 
area (Anonymous 1989c). It can be valuable to study the shifts in abundance 
through the years in this area by means of analysis ol lYFS data. Trends per grid 
square or per larger unit can be calculated easily. These 1-group fish were 
virtually absent in the northern and northwestern North Sea in 1989 

References Anderson 1989./\nonymous 1963, 1968n. 1969. 1971, 1974, 197Sn, l97-.i 1978. 19S î. 
19S9tx:, I989f, Rokken 1972, Decker &. Corlen 1974. Burd 1969, 1978, 1982, 19.R4, ;•«>, C hriMcn-
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sen 1971. 1972. Cohen er al 1989. Corlcn & Kuiler 1971. 1974. Corlcn 197-!, 1974. 19-^.lh 197f«b. 
1977.1b. l97R.ibe, I979nh, I980ab, 1986, 1990. Cushing 1980. Daan lOSOa. 1981a. IXaan ^i al i9O0, 
Hamrc 1988. Harris & Ftislop 1978. Ho)dal WSS. Jakobvson 198.';. Jones 1981. Nikolacv 1977. 1981, 
Posiuma & Kuiler 1971ab, 1972. 1974. Posiuma & Zijlsira 19<;9ab. Posiuma 1968. 1969. Sasillc 
1967, 1971, I980ab, .S.TOllc & Bailey 1980, Schubert 1970ab, Schumacher 1980, l i e « 197Sa, 
Wheeler 1978. Yang 1982, Zijlslra 1961, 1966, 1973. 

4.9 Sprat Spraltus sprattus 

Sprat is a small herring-like fish attaining a maximum length of c. 16 cm. Also 
this is an extremely abundant pelagic fish in northcrwcstcrn European waters 
which is extensively exploited in commercial and 'ndustrial fisheries (Wheeler 
1978). In summer, Sprats are found in depths of 10-50 m, but they go deeper in 
winter. At all seasons they perform vertical mr.vemcnts towards the surface at 
night. Sprat spawns in spring and summer. Sprat was estimated to represent on 
average 3.9% of the total biomass of fish stocks in the North Sea in 1977-86 
(Daan el al. 1990). Since 1977 (estimated at 8.2% of total biomass) the Sprat 
stock declined significantly (rs -0.92, n = 10. p < 0.02. two-tailed). A strong \car-
class in 1986, and probably also in 1988, led to a significant increase m ihe Sprat 
stock in the late 1980s (Anonymous 1989d). 

4.9.1 Calorific value, biomass and utilization by scabirds 

TTie weight-length relationship of (young) Sprat, where W = total body weight 
(g) and L = total body length (cm) is given by Harris & Hislop (1978) as \V = 
0.009708 L ' ' ^ " . Large Sprats had significantly higher calorific value (10.9 kj g 
wet weight) than any other prey species studied by Harris & Hislop (197S) and 
svere twice the value of Saithe and Whiting (5.1 k J . g ' and 4.05 kJ g"̂  wet weight 
respectively). The relationship between calorific value ( k J . g ' wet weiehl) and 
length (mm) for Sprats was CV = .1215+0.06.3L (n= 6, r = 0.951, p < O.OOI). 
The high value for large Sprats was due to these fish having a higher percentage 
of dry matter and to the fact that the percentage of fat increased with the length 
of the fish. Elwertowski et ni (1974) indicated that under extremely favourable 
feeding conditions the quantity of accumulated fat reached a level of 22-2.'î% in 
Baltic Sprat in the late 1960s and early 1970s, compared with less than 20% 
under favourable conditions in the 1950s. Sprat are small fish and all age-groups 
arc probably ujilized by the larger Alcidae, Ganncts and Fulmars. .-Ml age groups 
should therefore be incorporated in a study of this fish as prey for seabirds. 

4.9.2 Sprat fisheries in the North Sea and total stock size 

Tlic North Sea Sprat appears to have first shown a general increase in ,ibun-
dance from about the mid sixties (Johnson 1984). The Sprat fisheries developed 
rather rapidly and peaked in the mid seventies (652.0(X1 tons in 1975. 6I0.(i00 
tons in 1976. Nikolacv 1981; sec also chapter 4.1.4). Tlie spectacular increase of 
catch in Ihe 1970s was maninly due to a succession of outstanding vcar-cl.isscs. 
the first being that of 1972 which was at least twice as great as any generated in 
the previous five years. According to the Industrial Fisheries Working Group 

/ic/i/i Risppon I'oi^^-lh^Khmmng 5 fioço) 
64 

Trends in llshenes and fish siocks 

•1968 

SPtUT O T C M (BULL ^ A T I S T I C U E : ) 

M '̂ 
Id Ldk 

in 

m 
ytC\ 

YWX 

/ 
/ 

4'A m 

i 
RM 

M. . ^ 1 
13S6 5- 'E«a "=*•= -55 

Figure 4 4 Sprat landings in the North Sea during 1966-1986. and mean catch 
55 to 19S1-S5 from Biilleim Slamiiqtit (Anderson 19S9. Chnsicnsen 1971. u r : 
Nikolaev 1977, 1981). 

cr .iul_ 

(Anonymous 19S9d) the North Sea catch rose to 641.0(X) and 622.000 ic^ns m 
1975 and 1976 respectively, and than dropped again. Tlie Sprat lishenes in fact 
collapsed to some 16.000 tons in 19S6 and recovered slightly in later vears. This 
development can be further illustrated by the nominal sprat catch in the North 
Sea over 5-year periods as published in Bulledn Slaluiique. although figures 
published in here are slightly different from those published by the Industrial 
Fisheries Working Group (Anonymous 19S9d): 1951-55 a me,in catch of ISr^'iO 
tons per annum. 1956-60 22.000 tons. 1961-65 56.000 tons. 196/)-70 7!.(KH) ions. 
1971-75 277.tK)0 tons. 1976-80 425.000 tons and 1981-85 201.O()t) tons (.\nderson 
1989. Christensen 1971. 1972, Hoydal 1985, Nikolaev 1977, 1981) l l i e Sprat 
catch from 1966-88 is illustrated in figure 4.4. Sprat accounted lor over ^ 5 % of 
the Industrial fisheries clupeoid directed catch during 1974-80. but Herring gained 
importance since 1980 (1981 28.7% Herring. 1982 50.0%. 198"; 6.').S%. ^ ^ 4 " - ^ 
.•51.2-71.4%. Anonymous 1989d). 
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Fijurc 4.5 Disiribuiion of 1-sroup Sprai in February I9S9 from lYFS in ihe souihern Norm Sea 
(afier .-Xjionjmous 19S9c). 

4.9..'! Sprat data sets apd their use in future studies 

Sprat were sampled in the I^'HS and lYFS in the 1970s and 1980s, and analysis 
were carried out at Lowestoft Fisheries Laboratory (Johnson 1974-S5, various 
papers). In the 1970s, only samples from the Gov-trawl were available which 
were biased towards larger, older Sprat (Johnson 1974, 1978). Since 1980 
supplementary data on the distribution and abundance of smaller 1-group Sprat 
were provided by Isaacs-Kidd trawl hauls (Johnson 1984). Data from the lYFS 
Gov-trawl in February 1989 showed that all age-groups were most abundant in 
the southern and southeastern North Sea (exampliflcd for 1-group Sprat in llgure 
4.5; Anonymous 19S9c). A m.ajor problem in the interpretation of lYFS data 
formed the distribution of certain high densities of Sprat m shallow, coastal 
«aters which s>.ere not adequately sampled during the suAcys. Tliis fact was uell 
demonslralcd in 1974, uhen the 1973 year-class was extremely abund.int in 
Engli.sh and Scottish east coast fisheries, whilst the sur^-ey did not rellect ils 
strength at all (Johnscjn 1974). Fisheries data, more particularlv the de\clopment 
and collapse of certain llshcries in the North Sea since 1970. iherefore provide 
ver\- important supplcmcniary data on (local) abundance of Sprat. .At the 1979 
meeting an ICES Council resolution was adopted deciding that "acoustic surveys 
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of the sprat stocks in the North Sea should be carried out in January so that the 
main fishing area in the North Sea at that time should be covered" (Johnson 
1980, ICES Counc.Res. 4:26/1979). Several reports on echo-integrator surveys for 
Sprat are published since (e.g. Aglen & Iversen 1980, Edwards et al. 1979, 
Edwards & McKay 1984, Johnson 1979, 1980). 

References Aglen & Kersen 1980, Anderson 1989, Anon\ir."us !9S''cd. Dailcy 1980, Durd & 
Johnson 1983, Chnslcnsen 1971, 1972, Edu.ard5, Wilson & Bailey 1979, FJ^ards & .MeKav 19S4, 
Elwerlo*-ski, Giedz & Macicjczylc 1974, Hoydal 1983, Johnson 1974, 197S, 1979, 19S0, 19S2, 198.1, 
1984, 1985, ICES lYFS and lYHS repons see 4.6, ICES Repons of ihe Irdusinal Fisheries 
Working Group, Lindquisl 1978, MacKay & Edwards 1985. Nikolaev 1977, 1981. 

4.10 Cod Gndtis morliiia 

Cod arc stout-bodied fishes attaining a length of well oser 1 metre. Average cod 
measure nowadays 120 cm (c. 11.5 kg) and the maximum weight is around 45 kg, 
although historical records of 90 kg exist. This fish has been exploited ever since 
man began to fish in the seas of Europe (Wheeler 1978). Cod spawns in Feb-
Apr in 200 meter deep water, towards which considerable migrations are perfor­
med. Cod was estimated to represent on average 5.5';c of the total biomass of 
fish stocks in the North Sea in 1977-86 (Daan et al. 1990). The Cod stock decli­
ned significantly in these years (rs -0.60, n= 10, p< 0.10, tuo-tailcd). 

4.10.1. Calorific value, biomass and utilization by seabirds 

The weight-length relationship of (young) Cod. where W = total body weight (g) 
and L = total body length (cm) is given by Harris & Hislop (1978) as W = 
0.00626 L'^'°^. The calorific value of Cod is not known, but it is probably in the 
same (rather low) range as Saithe and Whiting. The calorific value of Saithe is at 
37-43 mm 5.1 kJ.g"' wet weight, the calorific value of Whiting is siven in chapter 
4.11.1 (after Harris & Hislop 1978 and Furness et al. 198.8). Cod "are large fish 
and only immatures are preyed upon by AJcidae. Even the largest Cod recorded 
from otoliths in Guillemots' stomach studied off Scotland uas 1-group tish (210 
mm; Blake el al. 1985). Future studies of Cod as possible seabird prey should 
therefore concentrate on 0- and 1-group fish. Discards are often torn apart by 
Fulmars (a special interest was recorded for the guts and liver) or suallowed 
whole by Gannets. 

4.10.2 Cod fisheries in the North Sea and total slock size 

The Cod catch increased from the early 1950s to the mid seventies and than 
stabilized (Anderson 1989, Christensen 1971, 1972. Hoydal 1985, Nikolaev 1977, 
1981). Tlic nominal Cod catch in the North Sea over 5-year periods u,is during 
1951-55 on average 78,0(X) tons per annum, 1956-60 98.l)()() ions. 1961-65 122.i)(X) 
tons, 1966-70 236,0)0 tons, 1971-75 260,0(X) ions. 1976-SO 228.000 tons and l ' « l -
85 233.000 tons (figure 4.6). Tlie largest amounts were taken in 1971 (.'OO.IXK) 
tons) and 1972 (347.(100 tons). From Scottish research vessels trends in .ibund.in-
ce are studied for Cod (Richards et al. 1978). Prior to the 1970s there were no 
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CCD C*rCK CBULI. STiTrSTIOLEÎ 

5-icAP UEA/S 1 = 51-35 

Figure 4 6 Cod landings in ihe North Sea during I966-I9S6, and mean caich por annum lor 1951-
5.S lo 19S1-S.S from Dulknn Sumstitjue (/\nderson 1909, 1971, 1972, Ilo>dal 19SS Ni^olaev 1977, 
19S1) 

consistent trends in the abundance of Cod, but during the prewar period the 
abundance of Cod decreased overall in the North Sea. During 1946-71 Cod 
increased in the northern North Sea and to a lesser extent in the central North 
Sea. In the northwestern North Sea abundance increased until the mid lilties and 
remained high until 1960 since when it has tended to decrease. 

4.10..'? Cod data sets ami their use in future studies 

The lYFS provides the most valuable data on immature Cod distribution in 
winter. Landing statistics from ICES are of limited importance, but rc.idily 
available. The EGFS may prove to be valuable to study trends according to 
summer surveys, compared lo lYFS data and to assess the total North Se,i .stock 
(cf. Daan et ni. 1990). From the February 1989 lYFS it can be demonstrated 
that I-group Cod occurred widely scattered m the entire North Sea. with ,is 
mavima per hour per haul only 116 and 109 individuals in rectangles olt the 
English east coast only very small numbers in the northern .North Sea 
(.Anonymous 19S9c). Tlie older Cod (2- and .Vgroup) were found in higher 
numbers m the northern North Sea. From an mulii-jear analysis ol I VHS data 
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Figure •>7. Distnbulion of 1-group Ccx) in February 1989 from lYFS in ihe v^ul.-.er,-. ^.-r:n Sea 
(aficr Anon) mous 19S9c). 

for juvenile Cod. published in 1976. it can be seen that these low numbers for 1-
group Cod are typical, but also that the occasional high figures (seseral thou­
sands of fish per hour per haul) were always found in the southeastern North 
Sea (Anonymous 1976). The 1-group Cod in February 1989 a\craged between 
150 and 250 mm in length and thus equalled the mavimum length which smaller 
seabirds can handle and swallow (.-Vnon 1989c) Besides from the EGFS. also 
from Ihe Scottish research \essel catches of Cod in the North Sea long-term 
trends in abundance can be obtained (cf. Richards el nt. 1978. sec 4 in 2). 
However, Scottish research vessels focus their research on the northern North 
Sea (north of 54° N). 

References Anderson I9,S9. .Ancnsmous 1976, 1977b, 1979, 19S9C, lilakc et at. 19SS. f-cSlensen 
1971, 1972, Cushing 1980, Daan 1Ó69, 1972. 197.1, 1974, 197i, 1976, 1977. 19-,'üb. ;•'••'.i->.de::h, 
1980bcdcfgh, 1981b, Furncss. Hudson & Ensor I98,S. Ilamre 1988, lloushion & 11.-'—;-. I-'Sl," 
Hojdol I9S.S. Nilcolaev 1977, 1981 Rich.iris f i at. 1973. Ijclmcland 1'1S9. Wc.-ncr r-'-
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ri2ure 4 8. While Landings m (he North Sea during 1966-19S6, and mean catch per annum for 
I'isi-'i.i to 1981-SS from Oulktin Siatisitqiie (.Vidcrson i9S<), Christensen 1971, 1972. Ho>dal 19S5, 
Nikoiacv 1977, 1981). 

4.11 V^Tiiling Merlangiits meilangiis 

Whiting is a well-known member of the Cod-family, a slender-bodied fish with a 
narrow, rather pointed head. It is very common in shallow inshore waters, 
occurring most abundantly between ."O and 100 meter (Wheeler 1978). The 
smallest fish are found close inshore. The Whiting is a valuable food-fish which is 
extensively fished in European seas. Whiting «pa-^ns between Jan and Jul (mainly 
in spring) without making extensive migrations. Whiting was estimated to repre­
sent on average 5.2% of the total biomass of fish stocks in the North Sea in 
1977-86 (Daan el al. 1990). The Whiting stock declined significantly in these 
years (rs -0.78, n= 10, p< 0.02, two-tailed). 

4 11.1 Calorific value, biomass and utilization by seabirds 

Th e weight-length relationship of (young) Whiting, where W = total body weight 
(g) and L = lolal body length (cm) is given by Harris & Hislop (1978) as W = 
oT00854 L-'^'''^. Tlie calorific value is not particularly high. Harris & Hislop (197S) 
estimated it for small Whitings (at 4()-(>l length) to be 4 05 kJ.g ' wet weight. 
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Figure 4 9 Distribution of 1-group Whiting in Februari ;9S9 from lYFS in ihe sĉ uthern Vorth Sea 
(after Anon>mous 19S9c). 

Larger Whitings (180-280 mm) were slightly better and estimated at 5 2 kJ g ' 
wet weight (Furness et ni. 1988). However, \ \ l in ing offal (ll.O^c of the 
mass of gadoid fish is thrown overboard as offal (Furness ei al 1988) is conside­
red being rather rich. Whiting offal from 180-2SO mm fish has an calorific value 
of 12.6 kJ.g'' wet weight. Similar to Cod, Whiting are rather large fish and only 
immatures are possibly preyed upon by Alcidae. Future studies of Whiting as 
possible seabird prey should therefore concentrate on 0- and 1-group lish. 
Discarded larger Whitings are often torn apart by Fulmars to reach liver or guts 
or they are swallowed whole by Gannets. 

4.11 2 Whiting fisheries in the North Sea and toial stock .';ize 

The Whiting catch increased during the 1950s ar.d 19(30s, peaked in 1969 and 
1970 at c. 200,0(X) tons per annum and again in ihe mid 'seventies al 1S9(MX) tons 
in 1974 and 191.0(X} tons in 1976 and subseque-;K declined (figure 4.8. 
Anderson 1989, Christen.sen 1971, 1972, Hovd.il :985. Nikolaev'1977. 19S1). 
Since 1980 the North Sea calch did not exceed :iX),(X)0 um', 
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4.! 1.3 Whiting data sets and their use in future studies 

The lYFS provides the most valuable data on immature Whiting distribution in 
winter. Landing statistics from ICES are of limited importance, but readily 
available. The EGFS may prove to be valuable to study trends according to 
summer surveys, compared to lYFS data and to assess the total North Sea stock 
(cf. Daan et al. 1990). From the February 1989 ÏY?S « e learn that most 1-group 
Whiting can be found in the western North Sea (off the English and Scottish 
east coast) and that relatively few arc captured in rectangles in the German and 
southern Bights (Anonymous 1989c). The occurrence of l-group Whiting in the 
southern North Sea in 1989 is illustrated in figure 4.9, From an analysis of earlier 
lYHS data (1965-75) and from other compilations we can see that the western 
North Sea is not always so important (Anonymous 1976, Gislason & Helgason 
1985). Large quantities are sometimes caught in the eastern and southea.stern 
North Sea. Older Whiting (2- and >.'î-group) have a more northerly and westerly 
distribution (Anonymous 1989c, Gislason & Helgason 1985). Scottish research 
vessel data and long-term analysis of Whiting abundance derived from these 
suivevs can also be useful, but these surveys concentrate on the northern North 
Sea only (Richards el al. 1978, see 4.10.3).' 

References Anderson 1989, /\nonymous 1976, 1977b, 1979, 19S9c, Chrisicnsen 1971, 1972, Cushmg 
19S0, Daan 1972, 197.1, 1974, 1976, 1977, 1978b, I979abcdefgh, 19S0bcd<:f, 19Slb, Purncss, Hudson 
& Ensor I9S8, Gambell &. Sahrhage 1961, Gambell, Hovdal 198.'>, Nikolaev 1977, 19SI, Rocssinjh 
& Sahrhajc 1961, Gambell et al 1962, Harris & Hislop'l978, Jones Sc Hislop 1978, Richards et"al. 
1978, Werner 196.1 

4.12 Norway Pout Trisoprenis esmnrkii 

A small member of the Cod-family, and an extremely common small gadoid in 
northern European waters. It is found most commonly offshore in depths of 80-
200 meter and Norway Pout spawns over the edge of the continental shelf in 
Mar-May. Nor^vay Pout is of no interest for commercial fisheries, but it is 
utilized extensively in industrial fisheries for fish-meal production. Noniay Pout 
was estimated to represent on average 6 .1% of the total biomass of lish stocks in 
the North Sea in 1977-86 (Daan el al. 1990). According to these estimates the 
Norway Pout stock remained rather stable in recent years (rs 0.04. n = 10, n.s.). 

4.12.1 Calorific value, biomass and utilization by scabirds 

Tlie weight-length relationship of (young) Nor-i.vay Pout, where W = total body 
weight (g) and L = total body length (cm) is given by Harris & Hislop (1978) as 
W = 0.0101 L^'- '°. The calorific value of Norway Pout is unknown, but probably 
similarly low as that of Saiihe and Whiting (4.10.1. 4.11.1) The maximum ,ige 
recorded from the .N'orth Sea is Norway Pout of 4 years old, hüwc\er . Ihe 
majority of this population are usually 1 year old (Railt 196.8). Nor\iay Pout arc 
small fi'ih and although the maximum length for Icelandic fish was 25cni and of 
some specimens from the Barents Sea it was 35cm, the maximum length for 
North Sea llsh appears to be nearer 20-21cin. All age-groups may be utilized by 
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Figure 4.10 North Sea industrial lishencs calctl o( Noc îa) Pout, l')^0-K^ 
1989d). 

the larger Alcidae, Gannets and Fulmars and all age groups should therefore be 
incorporated in a study of this fish as prey for scabirds. 

4.12.2 Norway Pout fisheries in the North Sea and total slock size 

Norvvay Pout fisheries commenced in the late 1950s when an industrial tishery 
for this species was developed by Norway and Denmark (see also chapter 4.4). 
Denmark took the greatest share in a fishery that peaked in the early 1970s (e.g. 
465,700 tons from a total North Sea catch of 753,2(X) tons in 1974, Madsen 
1978). Tlie Danish catch in 1988 (79,000 tons) was the lowest since the late 
1960s. NorNvcgian industrial fisheries for NotMay Pout peaked in 1972 (120.5IX) 
tons), 1974 (154,200 tons), 1975 (218,900 tons) and 1976 (1US.9(X) tons) and this 
fishery subsequently declined to some 20.(XK) tons per annum in the Lite 19.S()s. 
An industrial fishery for Nonvay Pout commenced in the Faeroes in 1^09, 
peaked in 1974 at 85.000 tons and subsequently declined to an all-time low of 
1,500 tons in 1988. Swedish and U.K. industrial Usheries for Nori.vay Pout were 
in operation only for few years and only contributed significantly to the landings 
in the early 197(3s (.Anonymous 19S9d). The development of the Norway Pout 
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Figure 4.11 Disiribuiion of 1-group Norway Pout in February 19S9 from HTS m ihc souihern 
Norlh Sea (afler Anonymous 19S9c). 

fishery in the North Sea is illustrated in table 4.1 and in figure -4.10. The species 
composition in Nor^vegian Norway Pout landings in the 1980s is given in the 
Industrial fisheries working group report of 1989 (Anonymous 19S9d). Blue 
Whiting was represented in the catch in equal or sometimes even greater 
quantities, while Cod. Haddock. Whiting, Saithe. Herring and .Mackerel were 
rather scarce. The Danish fishery for Norway Pout is quite different from Nonve-
gian fisheries because the first is peaking in winter (Scp-Feb). while the Imter is 
in operation the whole year round. 

4.12.3 Nonvay Pout data sets and their use in future studies 

The lYFS provides the most valuable data on Not^vay Pout distribution in winter. 
Landing statistics from ICES can be important as well and these arc rendilv 
available in Industrial fisheries working group reports. Tlic EGFS may prove to 
be valuable to study trends according to summer surveys, compared to î l FS data 
and to a.sscss the total North Sea slock (cf. Daan el ni. 1990). Nornay Pout is a 
typical northern Norlh Sea species. In figure 4.11. the distribution of l-uroup 
.Norway Pout in the souihern North Sea from the 1989 lYFS. can be sc~en that 
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the southern and southeastern North Sea are virtually clear ol Norway Pout, 
while reasonable numbers occur off the east coast of England. Further to the 
north and west this fish was even more abundant. Abundance indices can be 
derived from lYFS (February) and from EGFS (August), but also from "English 
Norway Pout surveys" (November) and Scottish groundfish surveys (August; ct. 
Anonymous I989d). Scottish research vessel data and long-term analvsis of 
Norway Pout abundance derived from these surveys can be particularly usefu , 
because these surveys concentrate on the northern Norlh Sea (Richards et ni. 
1978, see 4.10.3). 

Refer,nc€s Anon)-mous 1977c, 197Sb, 1984, I989<:d, Daan 1979abcdefgh, 1980bcder. 19Slb. Gauld. 
McKay &. Boiley 1986. Madsen 1978, Rain 1968b, Richards et al. 1978, Tick's 19/Sc. 

-1.13 Sandeels Ammodyles spp. 

Sandecis are rather small marine fishes with 6 species known to occur in 
European waters fWheelci 1978). The sandeels are mainly found in the northern 
hemisphere and most abundantly in the North Atlantic. It is an e,v:trcme impor­
tant food fish to a wide variety of other fishes (e.g. Herring. Mackerel and 
gadoid fishes), seabirds and marine mammals. Two of the smaller species, 
Ammodyles lobinniis and A.mniituts are extremely abundant, repectively inshore 
and offshore in the North Sea. These species grow to a maximum lengih of c. 
20-24 cm. Sandeels spend much of their time buried in the sand, but in summer 
they make diurnal movements into the water column to feed. From time to time 
vertical migrations are performed towards the surface. Sandecis were estimated to 
represent on average 6 .1% of the total biomass of fish slocks in the North Sea 
in 1977-86 (Daan el al. 1990). The stocks remained rather stable in these vears 
(rs -0.01, n = 10, n.s.). 

4.13.1 Calorific value, biomass and utilization by seabirds 

The weight-length relationship of (young) sandeels, where W = total body weight 
(g) and L = total body length (cm) is given by Harris ĉ  Hislop (1978) as W -
0 00209 L ' - ' ' * ^ The relationship between calorific value (kJ.g' ' wet weight) and 
length (mm) for sandeels was CV = 4.908 -I- 0.022L (n= 9, r = 0.731. p < 0.02). 
The calorific value for larger sandeels (6O-207mm) is 6.5 kJ.g' ' wet weight, whilst 
the calorific value for larval fish is 5.8 k J . g ' wet weight. The high value for large 
sandeels, like that in Sprat, was due to the fact that the percentage ol fat 
increased with the lengih of the fish. Sandeels arc slender fish and all age-groups 
are probably utilized by the (larger) Alcidae. Ganncts and Fulmars. /\ll age 
groups should therefore be incorporated in a study of this fish as prey for sea-
birds, u 11 " 

Of great importance for feeding seabirds are so called "sanded balls . Just 
below the surface large concentrations of fish move continually in on ihemselves 
(R. Tulloch in Goodlad 1989), forming a ball of fish. I l iosc sanded b.ilN are 
mainly seen in late summer and although the prccizc mechanism of the torm.iiion 
of these balls is unknown it is generally believed that predators such as M.ickcrel, 
Pollack or Herring drive these fish to the surface. The breeding scabirJs in 
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figure 4.12. Landings of sandcel from the .North Sea, 1952-1988 (,\nonymous 19S9d). 

Shet land were mainly con f ron ted by a lack o f these balls in recent years rather 
than by a total lack o f sandeels in their feeding areas. 

•4.13.2 Sandcel fisheries in the N o r t h Sea and total stock size 

Landings o f sandeels in the N o r t h Sea increased in 1988 to 893.000 tons, wh ich 
IS the highest ever recorded ( f igure 4.12). Most sandeels are taken in ear ly 
summer ( 8 0 % Ap r - Jun ) . Most sandeels arc taken by Danes and NoiAvcgians, 
whi ls t comparat ively small quant i t ies are taken by Br i t ish fishermen (nvM. 52,200 
tons in 1982). A new fishery for sandeels, commenced in the 1970s is now being 
deve loped in the Faeroes (15-18,000 tons in 1987 and 1988). A n n u a l landings o f 
sandeels m the southern N o r t h Sea ("southern assessment area") increased f rom 
100-200,000 tons in the early 1970s to 40O-50O,tXX) tons in the I9S0s Land ing 
peaks were reached in 1978 (577,200 tons), 19S4 (532,800 tons), and 1985 
(513.5(X) tons). Most sandecis were taken in an area def ined by 5-1 and 56 ' 30' N 
and English cast coast to C B (subsectors l A and 2A ) . Fur ther detai ls on the 
s a n d e d l ishencs in the N o r t h Sea are aivcn in chapter 4.4. To ta l biomass 
est imates ( V P A ) lor sandecis in the southern .N'orth Sea ranncd f rom 798 96 ' ' 
tons in 1981 to 2.096.923 tons in 19S6. 
T h e Shet land sandcel f ishery is qui te dist inct f rom the N o r t h Sea s a n d e d fishery 
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i A f C Ê É L DISTPIBOTICN SOUfT^ECJI NCfiTH E£A 

Figure 4.13. Distribution of sandeels in the southern North Sea: 95''4 is as.sumed to occur vuihin the 
area marked with " I I " , 5TÎ: in the remaining rectangles (redrawn from Gisla.son & Helgason 1985). 

since it is based on a separate, local stock. T h e fishery for sandecis in Shet land 
began in 1974, and rose to a peak catch o f 52,600 tons in I9S2. Landings are 
now seriously reduced and are now less than 10,000 tons per annum ( G o o d l a d 
1989). T h e Shet land s a n d e d fishery is a classic recru i tment fishery: the bu lk o f 
the catch after July consists o f O-group recruits to the adult stock, i.e. j uven i le 
sandeels spawned in January. D u r i n g its peak, the industr ia l fisheries in Shet land 
took over 5 0 % o f the to ta l stock o f sandeels ( G o o d l a d 1989, Kun^ l i k 1989). 

4.13.3 S a n d e d data sets and their use in fu tu re studies 

Sandeels are not sampled in the [ Y F S and d is t r ibu t ion pat terns or abundance 
indices based on scient i f ic sun.'cys cannot be produced easily (at any season). 
Land ing statistics f rom I C E S refer to certa in standard areas (Dan ish s . in i l cd 
a,ssessment areas), inc lud ing the "southern a.sscssmcnt area" { N o r t h Se.i, st juth o f 
56° 30 'N ) , the "nor thern a.s.scssment area" ( n o r t h o f that l ine) and Ihe "Shetland 
assessment area" (a round the Shet land archipelago) . These sectors are d iv ided 
in to 11 subsectors ( l A , 2 A , 4, 5, and 6 refer to the "southern assessment area ' ) 
for wh ich catch statistics are (o r can be) presented in the annual repor ts o f ihc 
Indust r ia l Fisheries W o r k i n g G r o u p ( I C E S ) . VPAs, a l though inaccurate for shor l -
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l ived fish l ike sandeels, are the only suitable source o f i n fo rmat ion to Imd out 
any stock changes for this species in recent years. Gislason & Helgason (1985) 
mapped the d is t r ibu t ion o f sandcels in the N o r t h Sea f rom ICES w o r k i n g group 
repor ts (Anonymous 1977c, 1978b), as i l lustrated for the sou thern N o r t h Sea in 
f igure 4.13. The bulk o f the southern N o r t h Sea popu la t i on (est imated to 
represent 9 5 % o f the s lock) occurred in the cent ra l and eastern parts o f this 
area. In the nor thern N o r t h Sea (no t i l lustrated here) some 9 6 % o f the 
p n p u l j t i o n occurred just west o f the Skagerrak and around the Shet land islands 
(separate stock). 

References Anonymous 1977c, 197Sb, I9R4, 19S9d, Dailcy, Colien « al 1989, fovvler & Dve 19S7, 
Gauld Si Kunziik 1989, Fouler & Dse 1987, Gauld, McKay A B.niley 1986, Gisl.ison & llelMSOn 
19S.S. GocxJIad 1989, Harris & I'islop 1978, Hcubeclc 1989a, Kun/lik 1989, Maccr 1966, M.ndsen 
1978, Reay 1970, Sherman « n'. 1981, Tasker 19S9, T i c « 1978 

4.14 Mackerel Scon\ber scomhrus 

T h e Mackere l is a c o m m o n and highly migratory N o r t h A t lan t i c tlsh l iv ing near 
the surface in huge shoals above the cont inenta l shel f (Whee le r 197S). It is a 
s low-growing fish, a t ta in ing a ma.ximum length o f 66cm ( large specimens may be 
as much as 20 years o f age) and nowadays it is an impor tan t food t'ish o f wh ich 
large quant i t ies are f rozen, canned o r smoked. Mackere ls spawn in summer and 
en te r the N o r t h Sea in large numbers for spawning (Anonymous 1988b). In 
w in te r . Mackere l shoals ret i re to deeper water. Mackere ls are captured in 
d i f fe ren t ways, inc luding several types o f nets and feathered hooks. Macke re l was 
est imated to represent on average 2 .8% o f the tota l biomass o f fish stocks in the 
N o r t h Sea in 1977-86 ( D a a n et al. 1990). Since 1977 (est imated at 6 .2% o f total 
biomass) the Mackere l stock in decl ined signi f icant ly (rs -0 99, n = 10. p < 0 02, 
two- ta i led) . Also the I C E S Macke re l W o r k i n g G r o u p recorded a steady decl ine 
in the spawning stock biomass and the 1988 t lgure is the lowest on record 
( A n o n y m o u s 1989a). 

4.14.1 Calor i f ic value and ut i l izat ion by seabirds 

A d u l t Nfnckcrels are on ly o f interest for Gannets as po.ssible prey. A lc idae and 
K i t t i w a k e are probably incapable o f cop ing w i th any arger Macke re l than 0-
g roup o r 1-group ( i f they eat this fish at all). Fur ther studies should focus on 
these smal ler age groups. T h e calor i f ic value o f Mackere l is u n k n o w n but 
because it is a rather fat f ish this can be expected to be high. 

4.14.2 Mackere l fisheries in the N o r t h Sea and tota l stock size 

Macke re l fisheries in the northeast .Atlantic peaked in the 197()s and then 
dec l ined dramatical ly Schumacher (19S0) described the catch o f pelagic l ish in 
the N o r t h A l l an t i c and found that the tvpical t rend was a rapid rise in landings 
fo l l owed by a collapsing llsherv' (see 4.^). When the Mackere l spawning stock 
was assessed in 1988 f rom an egg survey an all t ime low was recorded o f only 
.17,000 tons (Anonymous 1989a). D u r i n g the late 1970s the spawning stock was 
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Figure 4 14 Mackerel landings in itic North Sea during 1966-S6, and mean caich per a n u m for 
1951-55 lo 19S1-S5 from nullcrin Sinmiirpte (Anderson 1989, Chrisienscn 1971, 1972, ll. '.Jal 19S5 
Nikcacv 1977, 1981). 

already dec l in ing very rapidly (826,000 tons in 1975, SS.I.OOO tons in 1977. 
3.16.000 tons in 1979, 189,000 tons in 1981). T h e deve lopment o f N o r t h Sea 
.Mackerel f isheries dur ing the last four decades is described in t icure 4.14 I rom 
Bulletin Statistique (Ande rson 1989, Chr istensen 1971, 1972, Ho>dal 19,-^5, 
N iko laev 1977, 1981). T h e peak dur ing the late 1960s can be clear ly seen in the 
f ive-year means on the r ight (646,000 tons per annum) . This peak was reached 
th rough a rather sudden increase in landings in the mid sivties. By far the 
greatest share in the N o r t h Sea Macke re l fisheries was taken by the Norwegians 
( H a m r e 1980, Anonymous 1989a). Substant ial amounts were landed by the 
Danes, fishermen f rom the Faeroes (since 1969), France, and in some vc i r s the 
USSR. The tota l N o r t h Sea stock o f Mackere l , est imated at some 2,5(X).(K30 tons 
in the mid sLxtics, dec l ined to less than 400,000 tons in 1971 ( H . i m r e I97S). Since 
1970 the fishery has been regu- lated and this resulted in some recover , o f the 
slock. In the Western stock more countr ies con t r ibu te s igni f icant l ) to the total 
catch, inc lud ing France. I re land, the Nether lands, Norway (somet imes) . l \ 4 a n d , 
Spain, U K , and the USSR. Mackere l , a pelagic shoal ing fish, is especi.illv 
vu lnerable for modern fishing techniques w i th purse seme nets and son.ir 
equ ipment . Over f ish ing is general ly bel ieved to have caused the ccMKipse in ihe 
fishery (cf. Schumacher 1980). 
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Figure 4 15 Dislnbulion of 1-group Nt.nckerel m Februar>' 19S9 from lYF.S m the soulhcrn Nonh 
Sea (after /\non>mous 19S9c). 

4.14.3 Mackerel data sets and their use in future studies 

Data on the distribution of Mackerel in winter from the lYFS are not particular­
ly good, because these powerful fish usually escape from the Gov-trawl (A, Gor­
ten). The distribution of immature (1-group) Mackerel in the soulhcrn North Sea 
from the lYFS in February 19S9 is shown in figure 4.15. Few rectangles were 
found to hold Mackerel and those which have Mackerel show low densities. 
Mackerel data sets are usually divided into the "North Sea" stock (ICES division 
IV), the "Western" stock (ICES VI and VII) and the "Skagerrak^'Kattegat" stock 
(ICES nia). VPA's derived from catch statistics are probably the best source of 
data for this fish. 

References Anderson 1989, .AnonvTnous 19SSb, 1989ac, Iloddinglon 19i9, Christenscn 1971, 1972, 
Cohen <•; »/ 19.S9. H.imrc 197S, l')SO, llovd.il 198.5, Jones 1983, Nikcl.nev 1977, 1981, S.IMIIC 
19S0at), Schum.ichcr 19S0, Iicus 197,<!,n, \V.ilsh & .Marun 19Sf>, Walsh 1974, |977, 1979 
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S. SEAIIIRDS, FISH STOCKS AND FISIIEUIES 

5.1 PopulatiOD regulation, energy budgets, and food availability 

Most seabirds arc long-lived, show delayed maturity and a low breeding rate. 
Many species have annual adult survival rates of over 90%, resulting in an 
overall mean adult lifespan of up to 35 years (Dunnet el al. 1990, Furncs,s & 
Monaghan 1987). Many species have clutches of only one egg and do not breed 
for the first time until several yearï old. Age at first breeding (years), clutch size 
(number of eggs) and the mean annual survival rate for adults (%) in some of 
the most common seabirds in the North Sea are: 9.2 years, 1 egg, 97% in Fulmar 
(Dunnet & Ollason 1978); 4-5 years, 1 egg, 94% in Gannet (Nelson 1978); 5.3 
years, 2-3 eggs, 90-96% in Herring Gull (Dunnet el al. 1990); 3-5 years, 1-3 eces, 
81-86% in Kittiwake (Coulson & Wooller 19"6); 3-7 years, 1 egg, 94% in 
Guillemot (Birkhead & Hudson 1977); 4-5 years, 1 egg, 91% in Razorbill (Llo>d 
& Perrins 1977); 4-5 years, 1 egg, 95% in Puffins (Ashcroft 1979). Seabirds are 
generally at the K-side of the r-K continuum of life strategies. Typical "r-sclcctcd" 
species live in unpredictable environments, arc generally small and short-lived 
with good powers of dispersal, have high reproductive rates, suffer high density-
independent mortalities, and are opportunistic with markedly fiuctuating 
populations. On the contrary, typical "K-selectcd" species live in predictable 
environments, are usually larger, are long-lived and colonize new habilats slo\>.ly, 
have low reproductive rates and suffer low density-independent mortalities. They 
are ecologically restricted and normally have very stable populations maintained 
close to their carrying capacity (K) by density-dependent controls (Campbell & 
Lack 1985). Such species tend to invest in few well provided young only and lo 
conserve resources for themselves (Furness & Monaghan 1987) In K-stratcgists 
competitive ability is favoured rather than high reproductive output. 

The K-strategy assumes that the population le\'el is stable, fluctuating 
around an equilibrium. Many seabird populations have changed enormously in 
numbers in historical times. Besides changes in the natural environment it seems 
likely that human interference by exploitation of seabird colonies and o\erfishing 
has played an important role. This circumstance complicates the determination 
how their numbers are actually regulated. Population change in an animal 
population is the difference between recruitment + immigration and mortality + 
emigration. Furness & Monaghan (1987) conclude that density-dependent 
competition for food during the breeding season may be an important mechanism 
(affecting recruitment). Ricklefs (1990: 5) concludes "the demography of seabirds 
more strongly suggests the prcvalance of density-dependent limitation of 
population size". He suggests that "owing to their tremendous powers of 
dispersal, seabirds escape the constraints of population density during the 
nonbreeding season, when they may spread out thinly over the open ocean". 
Furness & Monaghan (1987) furthermore state that "food shortage in winter may 
infiuence the ability of an individual to compete for food during the breeding 
season ..." (: 52). Food shortage in winter may also affect immature sui%iv,il and 
recruitment, as actually is presumed for the Guillemot on Isle of May ("iS.l) .A 
good understanding of key factors and mechtinisms of population rcguljlion is 
essential for evaluating the impact of fisheries on seabird populations. For 
example, food availability in winter would be not a decisive tactor if numbers are 
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regulated by food availability during the breeding season affecting reproductive 
success. 

The most substantial contributions to seabird energy budgets are migration, 
foraging, moult, egg production and provisioning of chicks (Furness 19S2, 198-4b). 
Energy costs of certain specific activities, such as flapping or gliding flight, 
swimming, resting, and foraging trips, have been accurately measured or were 
estimated, for a number of species (e.g. Kcndeigh e! al. 1977, Pennycuick 1989, 
Prange & Schmidt-Nielsen 1970). Other activities, some of them widely employed 
by seabirds, have received relatively little attention so far (Furness 19S'4b). 
However, models have been developed in which reasonable assumptions could be 
made for energy costs of activities which have not been measured in detail 
(Furness 1978b, 1982) and estimates are now available on the role of seabirds as 
marine predators (Furness 1978b, Furness & Cooper 1982, Wiens & Scott 1975). 
Furness (1982) concluded, that in some marine ecosystems, seabird prédation on 
fish stocks is quantitatively important and may potentially compete with fishing 
interests, while changes in fish stocks are likely to have a direct effect on seabird 
population biology. The best estimate of sandeel consumption by seabirds at 
Shetland in 1981-83 was 47,000 tonnes while the industrial fisheries around 
Shetland took 45,000 tonnes, 25,000 was consumed by predator) fish and 9,000 
tonnes by seals (Furness 1990). Furness concluded that 126,000 tonnes \icre 
consumed of an estimated production of only 100,000 tonnes! .Vorth Sea 
seabirds are estimated to consume around 5-15% of the annual production of 
small fish (Furness unpubl. cited in Dunnet et al. 1990). 

Several of the more substantial contributions to energy budgets arc either 
typical for the breeding or for the non-breeding season. The physical impact of 
breeding on the adults is considerable in terms of energy expenditure and we 
may expect them to trade-off current against future reproductive potential when 
food shortages occur in the breeding period (Drent & Daan 19S0, .\Ionaghan et 
al. 1989). Declines in the availability of food in the breeding season lead to 
reduction of breeding success, or abandonment of the breeding attempt. In some 
case studies clutch size and hatching were normal while the chicks died of 
starvation in the first week after hatching (Lid 1981, Monaghan et ai I9S9). 
Food conditions in the pre-breeding period may even affect whether or not birds 
attempt to breed at all (Drent & Daan 1980, Monaghan et al. 1989). T)pical for 
the non-breeding period are moult and migration. Furness (1984b) suggested that 
lower ambient temperatures in winter and a likely reduction in foraging success 
add to energy requirements in the non-breeding season. Typical for the breeding 
season, of course, are egg production, incubation and chick maintenance. 

The effects of reduced food availability on seabirds breeding performance 
have been demonstrated in various c.a.scs. Several seabird populations were found 
to rely on a single fish species and breeding failures occurred «.hen this species 
became unavailable (Anker-iN'ils.sen 1987, Barrett et al. 1987, Furness & .Ainlcy 
1984, Heubeck 1989a, Lid 1981). Seabird species vary in their ability to lake 
advantage of occasional increases, or on the other hand to cope uilh sudden 
decreases in food availability (Furne.ss & Ainlcy 1984). Low clutch si/e (petrels, 
auks), surface feeding habits (gulls and terns) or limited feeding ranges 
(cormorants) are some important factors which explain why certain seabirds have 
dilficully coping with reductions in the availability of fish. Piatt i .Mcthvcn 
(1988) found a significant correlation between Capelin abundance and the 
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amount of Capelin taken by Puffins and Guillemots. It was indicated that alcids 
have minimum fish density requirements for achieving satiation. Important factors 
that may negatively affect the ability of seabird species to cope with Oucluations 
In the availability or distribution of fish stocks are (Furness & AJnIey 1984): 

- surface feeding habits (e.g. gulls and terns) 
- specialized and infiexible feeding habits (e.g. auks) 
- limiting foraging ranges (cormorants) 
- limiting ability to increase lime spent foraging (c g. terns) 
- energetically expensive food-searching techniques (e.g. terns) 
- limited ability to respond to incidental high food availability with reproduction 

(e.g. petrels, auks) 

The effects of reductions in food availability in winter are much less kno«.n. 
Delays in moult, increased susceptibility to disease or pollution, and migration 
may result from food shortages in that season. With delayed maturity, large 
numbers of seabirds are in the pre-breeding component of the population 
(Dunnet et al. 1990). Age at first breeding is usually highly variable uiihin a 
species and the pre-breeders component constitutes a large and important 
reservoir of recruits to the breeding population. Extra-mortality in winter is 
therefore not necessarily visible at colonies straight away, but a series of %>.inters 
with extra mortality amongst immatures and adult pre-breeders results into 
reduced recruitment into the breeding stock and, hence, in population declines 
despite good breeding success. 

Seabird wrecks are a well known feature in the ornithological literature. 
Infiuxes, preceding wrecks, bring species in areas where they usually do not occur 
or in much smaller numbers and these events therefore receive much attention. 
It should be noted that wTecks arc recorded as long as birdwatchers make notes 
on what they see, but still their cause is not fully understood. Seabird urecks are 
often thought to have been caused by poor feeding conditions (adverse weather) 
or reductions in food, with the birds dying from starvation. Wrecks are known 
both from the Atlantic and the Pacific and also from the southern oceans 
(Crochctt & Kearns 1975, Gabrielson & Jewett 1970, Murphy & Vogt 19.'>2, 
Veitch 1976, Witherby 1912). Species involved in wrecks are very often surface 
feeding birds (Procellariiforms, phalaropcs, Kittiwakc) and at least in the North 
Atlantic birds originating from arctic (or antarctic) breeding places arc \cry often 
Involved (dark-phase Fulmars, arctic Kittiwakc populations, skuas. Little .-\uks; 
Camphuysen & van IJzendoom 1988, Murphy & Vogt 193.1, Packard 1932, 
Pashby & Cudworih 1969). Mass mortality of auks, presumably due to food 
shortages either or not in com.bination with adverse weather, has been reported 
rather frequently (Bailey & Davenport 1972, Bateson 1961, Blake 1984,. 
Dement'ev et al. 1968, Lloyd et al. 1974). Rough seas can make feeding \cry 
difficult, even for deep diving species such as Guillemots (Birkhcad 1976). 

Starvation was always the proximate cause of death in these wrecks. Most 
authors tried hard to find evidence that exceptionally ad\ersc weather had been 
the trigger factor. In most documented cases, however, the attempLs to explain 
the wrecks are not satisfactory. Lack of foixl in the wintering areas ma\ have 
caused (southward) migration in many more cases than tiescribed. \^hilo severe 
storms have probably made infiuxes visible rather than that they aclualK have 
caused the wrecks. 
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Ih-lcrences /\nker-NiIsscn 1987. /\5hcrofl 1979. Bûiley & Davenport 1972 liarrcii .•( al \')S7, 
IJoicvon 1961. Dirkhcad 1976. Birkhcad & Hudson 1977. Blakc 1984. Camphuj^n Jt. van 
|j7cndoorn 198«, Coulson & Woollcr 1976, Crocticll & Kcarns 1975. Dcmcnl'cv ••( ,;/ WvS, Drcni 
& Daan 1980, Dunncl & Ollavon 1978, Dunncl ri al. 1990, Furncss 1978b, 1982, 1984. Purnca & 
;\jnlcy 1984. Purncy & Cooper 1982. rurncs,! & Monaghan 1987. Gabricison & Jcwcit 1970. 
Ileubcck 19S9a, Kcndcigh el al. 1977, Lid 1981. Ll0)d A Pernns 1977. Llo>d « al 1974. Monaghan 
el al 19S9. Murphy & Vogl 1932, Nelson 1978. Packard 1932. Pashby & Cuduorlh 1%9. 
Pennjcuick 1989. Piall & Melhvcn 1988, Prangc & Schmidl-Nicisen 1970. Vc'ch 1976. Wiens &. 
Scoit 1975. Wiiherby 1912. 

5.2 Interactions wilh fisheries: overview 

During the last 20 years, competition be tueen seabird» and fisheries became a 
topic of special interest to many biologists. Symposia were organized and a large 
number of publications appeared discussing the (possible) impact of fisheries on 
the availability of food and the use of seabirds as indicators of fish stocks (e.g. 
Anderson el al. 1980, Bailey 1989, Bailey & Hislop 1978, Duffy 198.i, Furncss 
19S2, 1984a, 1984b, 1987, Furness & Ainley 1984, Heubeck 1989a, Nhrberget 
19S2, Nettleship, Sanger & Springer 1984). The interactions with fisheries are 
varied and complex. Furness (1982) and Furness & Ainley (19S4) gave some case 
studies of some areas where fishery-induced changes in marine ecosvstcms have 
led to alterations in food availability to seabirds. Several species were and still 
are able to profit from discarded fish from trawlers: a supply of food which 
gained importance this century (Boswall 1960, Bourne 1983, Dandlikcr & 
Mulhauser 1988, Hudson 1988). Overfishing of whitefish since the IS-SOs coupled 
with reductions of Herring and Mackerel most probably led to increases in stocks 
of small fish, particularly sandeels (Andersen & Ursin 1977). 

It has been suggested that the steady increase in seabird numbers, 
particularly in Shetland and Orkney, was caused by the increase in the sandcel 
stocks (Furness 1984a). Seabirds have been used as indicators of marine food 
supplies (Anderson et al. 1980, Cairns 1987, 1988, Montevecchi 1986), cither 
directly because the presence of feeding seabirds indicates the presence of fish 
shoals, or indirectly because changes in their diet indicate changes in fish stocks 
or the availability of fish. Negative and positive effects of fisheries on seabirds 
(or more directly of fisheries on fish stocks) are known worldwide (Blake 198.1, 
Duffy 198.'?, Furness 1987, Furness & Ainley 1984, Furness & Birkhead 1984, 
Heubeck 1989, dc Korte 1988, Lid 1981, Monaghan ei al. 1989, Nettleship el al. 
1984). Negative effects are overfishing and fish stock depletion, when the food 
fish for seabirds is taken away, positive effects arc the increase in the provision 
of di.scards and offal to seabirds and, of greater overall importance, ecosystem 
changes (eg . due to overfishing of predatory fish) leading to the expansion of 
small fish such as sandeels (Furness 1984a). Some examples are discu.sscd below 
in some detail. 

5.2.1 Case studies of fishery induced changes in marine eco-systems 
and the clfcct on seabirds 

The "guano birds" (Peruvian CormoranLs Phalacrocorax bougaiiniUii (also called 
guanavs), Peruvian Boobies Sula vanci;iiia (piqueros), and Brown Pelicans 
Pelctnnu.'i occidcnmlis), breeding on isl.inds off Peru are of particular interest 
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because of the pdiodical disappearance of their principal food fish, the Peruvian 
Anchovy Engraulls ringens, due to natural factors (hydroclimatic, the El Nino, 
Canby 1984). The coastal ecosystem off Peru is strongly infiuenced by an 
upwelling system. Cool and nutrient rich waters of the Peru or Humboldt 
Current bath the Peruvian coast. Periodically abnormal conditions arise and 
warmer water approaches the coast and the fish stocks, fisheries and seabird 
populations collapse (see detailed description in Nelson 1978). The seabird 
populations were able to recover rapidly from these crashes thanks to the 
extremely rich food supplies in "normal years". Quite recently, however, the vast 
ovcrexploitation of the anchovy stocks by the fishing industry has led to a serious 
reduction in the population of the guano birds. Stock depletion prevented seabird 
populations to recover from the natural crashes (Nelson 1978). 

Competition with purse-seine fishery has been suggested as the main cause 
of the population decrease of African penguins Spheniscus demcrsiis off southern 
Africa (Duffy el al. 1987). Detailed studies showed that direct competition was 
limited in the breeding season because penguins are constrained to nenrshore 
waters where purse seiners cannot fish and because penguins take smaller fish 
than does the fishery. However, it appeared that immature penguins, spending 
their first year at sea in an area of intense fishery activity, had a very low 
survival compared with immatures spending their first year in a bay closed to 
commercial fishery. This study shows how important fisheries competition can be 
outside the breeding season. 

Puffins on Röst have suffered from repeated breeding failures (Lid 1981). 
Anker-Nilsscn (1987) demonstrated how chick growth and Hedging success were 
affected by the quality and the quantity of food. A dramatic decline in the 
Herring populations dates from 1968 and was, no doubt, caused by overfishing 
(Hamre 1988). In 1969 was the first year when abnormally high chick mortality 
occurred. Data from 22 consecutive years now seem to verify the hvpothcsis that 
the breeding success of Puffins on Röst is strongly dependent on the spawning 
yields of the local Herring stocks (Anker-Nilssen 1987). The Herring stocks are 
now slowly recovering, but are still very low (Jakobsen 1985, Hamre 1988). 

Guillemot populations on Bjornflya and in northern Norway collapsed after 
1985. Population reductions of 70, 80, and 9 0 ^ were found in many ot the most 
northern colonies and acute food shortage (disappearance of Capelin) appeared 
to have caused the crash (Anonv-mous 1987bc, Frikkc 1988, Vader ei al 198,8). 
Overfishing was perhaps not the only or ultimate cause of the disappearance of 
the Capelin, since stock collapses were also recorded when Capelin fishery was 
insignificant. It should be noted that large scale industrial fisheries for Capelin 
were only quite recently developed and there were no changes in the 
management of the Capelin stock when the first signs of a collapse could be 
noted in 1981 (Hamre 1988). 

Since 1982, reductions in the sandcel stocks around Shetland, which arc 
believed to be fairly isolated stocks, have been recorded (Goodlad 1989, Kun/.lik 
1989). Breeding failures among several species of seabirds since the early 19S0s, 
all sandcel specialists, occurred and the rapidly increasing seabird populations 
stabilized or declined (Heubeck 1989a). The most affected species were Great 
and Arctic Skua, Kittiwake, and .Arctic Tern. Puffins also showed signs ol food 
shortage and some chicks died. Breeding success of these seabirds was cic.irly 
alfcclcd by reduced availability of sandeels. 'Hie sanded fishery m these w,iters 
had increased fiom 8000 tonnes landed in 1974 to 52.600 tonnes in r 'S2 and 
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sub.sequcnily decl ined. O n e reason for this decl ine in sandeel fisheries, o ther than 
the decl ine in the s.'indeel slocks, was the change in the relat ive economic value 
o f sandeels compared to wh i tc f l sh ( G o o d l a d 1989). 

In most o f these and o ther cases (Furness 1982, Furness & A in ley 1984, 
Net t lesh ip , Sanger & Spr inger 1984, and fu r ther references be low this 
paragraph) , the direct l ink between fisheries and the fish stock collap'JC could not 
be proved. O the r factors, such as c l imat ic inf luences or (na tura l ) rec ru i tment 
fa i lu re , may have played their ro le. However , several factors may be invo lved, but 
the fishery is the only one we can con t ro l (P.El l is in Heubeck 19S9a). T l i e 
sandeel fishery in Shet land, for example, is a classic recru i tment fi"ihery. l l i e 
species is short- l ived and sensitive to fa i lure o f rec ru i tment over a few years. 
Fishing when recru i tment is low cou ld cause problems ( R . W . Furness in Heubeck 
19S9a). The fisheries management is main ly concerned about the possibi l i t ies o f 
good fishing next year and the tota l a l lowable catch ( T A C ) is thus preferably 
pre t ty near the maximum sustainable y ie ld ( M S Y ) . T h e prédat ion o f fish by 
seabirds is usually regarded as " insigni f icant" , and is thus ignored, wh i le that o f 
mar ine mammals (e.g. seals) is considered as a plague, and cu l l ing is o f ten 
suggested 10 protect the fisheries (Lav igne 1990). Recent ly it has been shown 
that seabird populat ions may consume up to 2 9 ^ o f the food fish in the 
immed ia te vic ini ty o f the breeding colonies (Furness 1978b, Furness &. Cooper 
1982, Wiens & Scott 1975) 

5.2.2 Seabirds prof i t f rom increase in small fish 

M o s t N o r t h Sea seabird populat ions have increased in numbers for at least SO 
years o r so, but most populat ions are now showing signs o f reaching a popu la t ion 
ce l l ing or at least o f stabi l izat ion (C ramp el al. 1974, Fisher 1952, Furness 1982, 
L l oyd et al. in press). TTie popu la t ion increase may be taken as evidence that 
f ood supplies have improved, but many seabird popula t ions were heavi ly 
exp lo i ted dur ing the e ighteenth and n ine teen th centur ies so that these increases 
mi i ih t as wel l be due to the relaxat ion o f such exp lo i ta t ion (Cou lson 196.1, 
Furness 1982, Potts 1969). Coulson (1963) and Potts (1969) have argued that 
food supplies were superabundant . 

Andersen & Urs in (1977) conc luded f r om a complex model that the 
reduc t ion o f Her r ing and Mackere l stocks wc r« l ike ly to have cau.sed increases in 
the populat ions o f their ecological compet i to rs (e.g. sandeels. Sprat, Norway 
Pou t ) . Such an effect is d i f f i cu l t to prove, but Sherman el al. (1981) 
demonst ra ted that indeed, popu la t ion explosions o f smal l , fast-growing sandeel 
can coincide wi th deplet ions o f larger predators, inc lud ing He r r i ng and Mackere l 
in a cont inenta l shelf ecosystem. A n increase o f small fish, due to over f ish ing o f 
the predators or ecological compet i to rs , was also found in ihe Barentz Sea 
(Cape l i n stock in the 1970s; Hamre 1988). Several authors have po in ted out that 
the increase o f seabirds may have been caused by such fishery induced, new food 
suppl ies ( e g Furness 1984a, Wanlcss 1987). Furness (1982) conc luded that ihc 
over f ivh ing ot Her r ing and Mackere l might have improved the sandeel av.i i l . ibi l i ly 
to seabirds in the short te rm, but that the par t ia l recovery o f the v^hilel lsh slocks 
w o u l d now have taken up the sandeel surplus, wh i le ihe ever increasing ll.shery 
for sandeels is current ly remov ing an increasing part o f the sandeel stocLs. He 
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later stated (Furness 1984a) that cur ren t , and l ikely fu ture trends to conserve 
wh i te f ish and H e r r i n g stocks and to increase industr ia l fishing for sandeels can be 
seen as a threat to seabird popu la t ions . 

5.2.3 Seabirds tak ing o f fa l and discarded fish 

Increases o f seabird popula t ions may perhaps part ly be a t t r ibu ted to increased 
avai labi l i ty o f food resul t ing f r om prov is ion o f o f fa l and discards (Furncss 19Sia) 
Fisher (1952) concluded that the increase o f spread o f the Fu lmar was l i nked 
w i th new food supplies wh ich were made available as of fa l f r om whalers and 
wh i te f ish trawlers. T h e Fu lmar is indeed a wel l k n o w n species scavenging for 
o f fa l beh ind trawlers, par t icu lar ly in the no r the rn N o r t h Sea (Hudson 1988. 
Hudson & Furncss 1988, 1989). O t h e r scavengers are Gannc t , Grea t Skua. Grea t 
and Lesser Black-backed G u l l , H e r r i n g G u l l and K j t t iwake . In the sou thern 
N o r t h Sea also C o m m o n G u l l and in coastal waters Black-headed Gul ls arc 
found scavenging beh ind trawlers. Studies o f scavenging seabirds beh ind wh i te f i sh 
trawlers in Shetland's waters showed that almost all o f fa l was consumed by 
seabirds, p redominant ly by Fulmars wh ich excluded o ther seabirds bv their 
aggression (Hudson & Furness 1989). Discarded fish w'as generallv ignored by 
Fulmars, bu t these were taken by gul ls, Gannets and skuas. Quan i i l i c s o f o l l a l 
and fish discards f r om whi te f ish boats and Nonvay lobster boats a round the 
Br i t ish Isles were est imated at 107,400 tonnes and 156,300 tonnes respect ively 
(Furness, Hudson & Ensor 1988). A-ssuming that a "1000 gram seab i rd ' cou ld 
survive o n 64 kg o f o f fa l per year or o n 120 kg o f discards per sear, ihcy 
est imated that i f all the o f fa l and discards were taken, then some 2,SOO.0<X) o f 
such "1000 gram seabirds" might be suppor ted by this food supply a lone (Furncss, 
Hudson & Ensor 1988). These calculat ions may be crude, hovvever, it is c lear ly 
demonst ra ted that the increasing fisheries in the N o r t h Sea have suppor ted a 
large number o f seabirds. Clear ly, scavenging seabirds cannot consume all the 
of fa l and discards. Some must sink and may be taken by fish, mar ine mammals 
and perhaps auks. However , studies in Shet land and on the west coast o f 
Scot land showed that some 9 0 % o f the of fa l and 7 5 % o f the discards were 
indeed taken by seabirds (Furncss, Hudson & Ensor 1988). 

Reference! Andersen & Ursin 1977, Anderson &. Gre.ss 1984, Anderson el nl. 19S0. \nker-NiKscn 
1987, Avery & Green 1989, Bailey 1986, 1989, Bailey & Histop 1978, Bailev, Gauld i Kunzlik 19S9, 
Bax 1989, Blake 1983a, 1984, Boswall 1960. Bourne 1983. Burger & Cœpir 1984. Cairns 1987, 
I98S, Coulson 1963, Cramp, Bourne & Saunders 1974 Craviford & Shellon 1978. Croxall, Rickclis 
& Prince 1984, Gushing 1975, 1982, Dandliker & Millhauser 198,8, Duffy 1983. Duffs ei al 1987. 
fisher 19.S2, van Franekcr 1990, Furncss 1978b, 1982. 1984abc, 19S7, 19.S9a, Furness .^ Ainlcy 
1984, furncss & Cooper 1982, Furncss & Monaghan 1987. furnevs, Hudson & Fr.v^r 19,<8, 
Goodlad 1989, Hamre 1978, 1988, Hempel 1978abc, Heubeck 1989a, Hudson 1988. Hudson A 
Furnes.s 1988, 1989, Jakobscn 198S, Jones & DeGange 1988, De Korte 1988, Kun7lik 1"39, l.isigne 
1990, Lloyd, Tasker & Parindge m press, MacQill 1984, Monaghan, Uiilcy & Burns I'llS, 
Monaghan el al. 1989, Monicvecchi, l i i r l & Cairns 1988, Myrbcrgcl 1982, Nelson 19~S, Nclllcship, 
Sanger & Springer 1984, Piait & Neiileship 1987, Piaii & licdUin 1984, Pons 1969 Richardvin 
1989, Uikardsen 1984. Sherman ei al 1931, Tasker 19,S9, laskcr el al 1989. Tcrksua 19 ,̂9. V.iUor 
el al. 1988, Vermeer & Morgan 1989, Wanles.s 1987, SVicns A Scon 197S 
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5J Wintering seabirds and Nurth Sea fish stocks 

Blake (1984) suggested that the main factor causing the 1983 wreck of auks on 
Britain's cast coast were changes in the availability of fish. In another paper he 
suggested that the depletion of fish stocks in the industrial fisheries (cither 
caused by natural fluctuations or overfishing) had caused a shortage of food in 
uinter which might prove equally lethal to seabirds in the long run as major oil 
spills in combination with chronic oil pollution (Blake 198.3). Camphuysen 
(19S9a) demonstrated that the stranding in Britain in 1983 was one wreck in a 
scries of similar wrecks in the southern and southeastern North Sea. Recent 
studies indicate that Scottish Guillemot populations suffer from increased 
mortality in winter, while more and more Guillemots are wintering in the North 
Sea and while the wintering birds are expanding their wintering range in these 
waters (Harris & Wanless 1988, Heubcck in prep., Mudge et al. 1987, Pctcrz & 
Olden 1987, Swann et al. 1989). Breeding numbers are now found to decline or 
at the most to stabilize in many colonies while breeding success remains high. 
Declines in recruitment to the breeding populations (due to an increase in uinter 
mortality) arc thought to have cau.scd the population declines (c g. Harris & 
Wanle.ss 1988, Swann et al. 1989). The apparent expansion of the wintering 
range brought large numbers of birds into areas where they are at risk for 
chronic oil pollution to a considerably greater extent than before, or where the 
chances to drown in gill-nets arc much greater. 

Some of the most obvious changes in fish stocks and fisheries in the North 
Sea during the last 20 years were the collapse of the Herring stock in the late 
1970s and its recovery during the 1980s (Corten 1986, 1990). Secondly, there was 
a Sprat-boom in the 1970s and a collapse in the Sprat fishery in the early 1980s. 
The decline in Sprat numbers in the northern North Sea appeared to have been 
accompanied by a contraction of their distribution away from Shetland (Kunzlik 
19S9), fisheries off northeast Scotland collapsed, and new fisheries developed 
further to the south (Johnson 1982, 1983, 1985, Anonymous 1989d). Sandeel 
fisheries gained importance during the 1970s and 198Cte and in the North Sea an 
absolute maximum of nearly 900,000 tonnes were landed in 1988 (Anonymous 
19S9d). The Norway Pout stocks, and its typical northern North Sea fishery, were 
found to decline in the 1980s: general trends in biomass estimates showed that 
their mean total North Sea biomass has been reduced from 728,000 tonnes 
during 1976-84 to 244,000 tonnes since 1985 (Anonymous 1989d). 

It is tempting to relate fisheries to the observed changes in fish stocks and 
consequently to the problems faced by seabirds during the 1980's. However, this 
would be a simplification that ignores the complexity of interactions A more 
detailed approach will be required to assess cause-effect relationships. 

References Anon)mou.s I989d, Blake 198.1, 1984, C,imphu\-s<:n 19S9a. Corlcn I9R6, /ipCO. Harris & 
\Vanlc« I9S8, llcuhcck in prep, Jühawn 1982, 198.1, \<-)S$', Kunzlik 1989, Mudgc el at. 1987, Peicrz 
i Olden 1987. Swann ei at. 1989. 
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6. CONCLUSIONS 

The conclusions in this chapter have been formulated on ihe basis of selection of 
Guillemot, Razorbill and Kittiwake for future study. These three species show 
similar changes in breeding numbers, wintering distribution and strandings in the 
southern North Sea. Problems faced by them apparently are less threatening to 
other abundant seabirds such as the Gannet and the Fulmar. Questions that had 
to be answered by this feasibility study were (summarized from chapter 1.2): (1) 
Which fish are important as prey for seabirds in the North Sea?; (2) \Vhat sort 
of data are available on fish stocks and fisheries in the North Sea?; C!) What 
sort of data are available on breeding populations of seabirds in the North Sea?; 
(4) What sort of data are available on populations of seabirds wintering in the 
North Sea?; (5) Would it be possible to identify causal relationships between 
changes in fish stocks and wintering seabirds in the North Sea?; (6) Which 
recommendations can be made for a future study? 

6.1 Important prey fishes for selected bird species 

Information on the diet of seabirds is fragmented and incomplete. Details on diet 
composition, calorific value of prey fish, and preferred/predominating si/e of fish 
have been published in many papers. Scabird diets arc not ver\' well studied 
outside the breeding season. The composition of most diets is largely dependent 
on what is readily available in the area where they stay. Some studies indicate 
that seabirds have some minimum density requirements to achieve satiation and 
these requirements deserve more attention. .-\lso many species seem to prefer 
"rich" fish as Sprat and sandecis rather than other species. Their main prey 
consists of small fish (less than 200 mm in length) including commercialU 
important species as Sprat, immature Herring, immature common GadcMds (Cod. 
Haddock, Whiting), Norway Pout. Scad and sandeels, and species not utilized in 
North Sea fisheries (e.g. gobies, sticklebacks). There is considerable cNidence that 
sandeels. Sprat and young Herring are the most important prey. To include the 
bulk of their diet in future studies it is suggested that the following fish should 
be incorporated: 
Herring Clupea harengiis 0-group and 1-group 
Sprat Spraltus spraltus 
Cod Gaciiis morhua 0-group and 1-group 
Haddock Melanogramnuis aeglefimis 0-group and 1-group 
Whiting Merlangius nierlangt^s 0-group and 1-croup 
Non.vay Pout Trisoplcnis esinaikii 
sandeel Ammodyies spp. 

Less important are: 
Poor Cod Tiisopterus inimitus 
B\h Irisoptenis /(/.ça« 0-group and 1-group 
Blue Whiting Micromesislus poiitti'isou 0-group and l-urou[) 
Pollack Follachius pollnchius 0-group and 1-group 
S.iilhe Pollnchius \irens 0-group and 1-group 
Scad Trnchiinis irachiini.'i O-group and 1-group 
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Data on gobies and sticklebacks in the North Sea arc difllcult to obtain, but 
ihc^c SpcLics should not be ruled out completely. 

6.2 Data sets on fish stocks and fisheries 

Landing statistics from commercial fisheries should be used to find out trends in 
fish stocks (VPA) for the species listed above. Information on landing statistics is 
published in Bulletins Slatisiique since 1909 and in many papers and reports. 
This sort of information is sufficient for our purpose. There is no need for any 
e.\tra runs of the ICES computers. Information on fish distribution is very 
important, particularly for winter situations. From the International Young Fish 
Sur\-ey these data are available in many working group reports. TTiese results are 
particularly useful to study regional differences in the abundance of fish and to 
identify "high density areas". High densities of fish (and associated auks) may 
occur in very small areas and the lYFS grid may prove to wide for these local 
"anomalies". However, general patterns are described quite well and calculations 
can be made as to differences among years and areas. In my view there is little 
reason for any extra analysis by ICES. A map is prepared in which the 
distribution can be plotted using a home computer from ICES reports and simple 
matrices can be used to compare several areas for fish. Units arc 
fish/hour/haul/square (NHH) and effortZ-square. Surveys are carried out in 
February or, occasionally, in March. Information from acoustic surveys is available 
in published form. These data are only to be used to locate any high density 
areas which were overlooked by other methods, or in direct comparison with 
seabird distribution. The results from acoustic sun.'eys may add much of what is 
overlooked due to the width of the lYFS grid. The lYFS together with 
groundfish surveys can be used to derive abundance indices of fish and trends in 
time. 

6.3 Data sets on breeding seabirds 

Breeding populations of seabirds in the North Sea are rather accurately known 
and population trends can be easily described using a large number of 
publications. For most countries the status of seabirds is well known while 
frequent updates ensure that population trends can be described. Breeding 
success is a parameter which is not a standard monitoring programme in most 
colonies, but for large areas of the North Sea, particularly from British colonies, 
information can be obtained rather easily. Information on seabird populations 
(status and trends) is readily available in published form from Britain and Ireland, 
Nor^vay, Denmark and FR Germany. Similar information from Iceland and the 
Faroes does not exist or only in a fragmented and incomplete form. 

6.4 Data on populations of wintering seabirds in the North .Sea 

Estimates of the number of wintering seabirds in the North Sea arc remarkably 
.scarce. Few accounts correct for immigration of northerly populations and usually 
the North Sea breeding population plus the newly Hedged biids or just the 
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"northeast Atlantic" breeding population are used to estimate the minimum 
number of birds wintering in the North Sea. Estimates can be made from the 
densities calculated from seabird studies at sea, but large white (unsup.'eycd) 
areas will make these estimates not particularly accurate. 

Information of seabird distribution at sea is available for the years 1979-85 
from the Scottish Seabirds at Sea Team. To do a trend anahsis several runs from 
their computer are necessary. These data are available against cost (Kiltiwake, 
Razorbill, Guillemot, Nov-Mar, 1979-85, equals to ?:'5'1 runs, total costs 
estimated at ƒ 2700). Information on seabird distribution at sea in recent years is 
collected by Club van Zeetrekwaarnemers (CvZ), Dienst Getijdcwaleren 
Rijkswaterstaat (DG\V), Nederlands Instituut voor Onderzoek der Zee (NIOZ). 
and by Ornis Consult (Denmark). Little or nothing is so far being published of 
these data. The CvZ and DGW data are not even computerized yet. N IOZ and 
CvZ/DGW data are necessary to fill in the recent years. The availability or cost 
of CvZ/DGW data is at present not clear. The N IOZ data are not available until 
they arc being published. Slight, but basic, differences in methods will make 
direct comparsion with Scottish data difficult, For a trend anaKsis (pattern of 
distribution rather than exact densities) these differences can probably be 
ignored. Units are birds/lim /month/square and effort.'month square. Surveys at 
sea are conducted throughout the year. 

Information on seabird migration is available in the form of a database 
running from 1974 to today (CvZ, since 1991 Nederlandse Zccvogelgroep). Much 
of these data have been published in a format which makes them readily 
available and analysis can be carried out with personal computers. Units are 
birds/hour/seven-days-period and effort/seven-days-period. Seawatching is carried 
out throughout the year. 

Information on seabird slrandings is available from Nederlands 
Stookolieslachtoffer-Onderzoek (NSO). Recent data ha\e to be put in the 
computer, most of the older data (1969-85) have been published in an .iccessible 
format. More recent data are available free, but time to store them into the 
computer should be budgetled. Units are stranded birds km sector month and 
efforl/seclor/month. Surveys arc mainly conducted in winter (Oct-Apr; 
Camphuyscn 1989a). 

6.5 Possibilities for identifying causal relationships between changes In 
Tisheries, fish stocks, and wintering seabirds In the North Sea 

From the discussions in chapter 4 it has become clear that it is extremely difficult 
to link fisher)' pressure to changes in fish stocks. Important interactions between 
fishes (predator/prey: competition) and changes in recruitment (e.g following 
climatic change) may obscure the importance of fishery induced mortality Many 
assumptions, crude estimates and uncertainties are met in discussions of fish stock 
changes, and few people appear to share the same view on causes and elfects. 
Hence, it will be dilficult (if at all possible) to assess the responsibility of a 
particular fishery for a particular reduction in the availability of fish for seabirds. 
The studies of the reduced availability of sandeels for seabirds in Shetland are a 
good example of the difficulties that can be met. The Shetland problem 
concerns a local sandeel stock, with well known fisheries, and well kno^n seabird 
populations and diets. However, this case proved to be considerably more 
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complex than was expected, mainly because it was so difficult to supply firm 
scientific evidence on the effect of fisheries on sandeel stocks. 

Similarly, considerable problems arise when looking for evidence that 
changes in fish slocks have caused negative effects on seabird populations 
wintering in the North Sea. Sizes of seabird populations during winter in the 
North Sea are not very well known, so it will be difficult to assess whether fish 
stocks can satisfy the energy requirements of seabirds. Quantitative comparisons 
are further hampered by the fact that presence of fish not necessarily means 
availability of fish to seabirds. 

Considering the above, it has lo be concluded that the t)pc of in\cstigation 
suggested by the questions of the Netherlands Society for the I'rotcction of Birds 
(chapter 1.2) is unlikely to produce the expected results. Scientific proof that the 
large seabird wrecks during the 1980's (and problems in colonies) are the direct 
result of reduced fish stocks, will be hard to obtain. Firm evidence that such fish 
stocl. reductions are a direct consequence of overfishing is even more difficult. 

Does this all mean that all we can do is sit and wait lo see what happens 
to the birds of the North Sea? Definitely not! Research on the effects of 
fisheries on sizes and distributions of fish stocks has to be strongly promoted. 
Such work, however, is a specialized job for fishery institutes. Research by fishery 
biologists into fish species that are important to birds (like Sprat, sandcels, young 
Herring etc.) is economically sensible since the same small fishes are the major 
source of food for predatory fish species harvested by commercial fisheries. 

The contribution of ornithologists and conservationists should be the 
supplying of evidence that seabirds do respond to, or suffer from, changes in 
sizes or distributions of fish stocks. As strictly quantitative evidence will be hard 
to obtain, a qualitative study is recommended. Such a study should describe in 
general terms the requirements of seabirds in a way that allows the inclusion of 
the interest of seabirds into fisheries management decisions. 

6,6 Recommendations for further ornithological study 

Several studies have been, or are being conducted to investigate interactions 
between seabirds, fish stocks and fisheries. However, all these studies focus on 
birds during the breeding sea.son. From Scottish colonies, there are examples that 
not food shortages during summer, but apparently extra mortality of birds in 
wintering areas are causing decreases of breeding populations. It is extremely 
important that changes in wintering areas arc studied. 

This report suggests that certain seabird species have changed their winter 
distribution since ca. 1980. and that probably more seabirds have chosen the 
southern and eastern North Sea as their wintering area. It seems evident that 
this change has led to increased winter mortality. Limited food supplies may play 
a role in this, but higher mortality from oil pollution (southern North Sea) and 
drowning in fish nets (Skagerrak) are also invoked. 

As stated above, it will be difficult to find clear evidence that food shortage 
within the new wintering areas is causing extra mortality. However, it should be 
possible to investigate whether changes in fish stocks (and possibly fishery-
pressure) have been the cause of birds moving out of their former wintering 
areas. With the data-sets described in this report it should be possible lo perform 
a "trend-analysis" that links changes in seabird distribution to changes m fish 
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slocks over the past 20 years. If such correlations exist, it may be poss.bL to 
show that fish stock depletion is the most likely factor to have caused changed 
wintering areas and increased mortality. A preliminary example of such analysis 
has been discussed for the Guillemot (chapter 3.8). Probably, such an analysis 
can also supply figures for minimum stock-size or density of food-fishes lo allow 
seabirds to survive in a particular area of the North Sea. 

Furllier study will also have to document increased mortality of seabirds in 
their new wintering areas. For this purpose the origin of birds wrecked in the 
Neiherlands has to be established by means of biometrics and ringing recoveries. 
If it is known where "our" seabirds come from, information can be collected on 
status and trends, breeding success and recruilment into the breeding siock of 
these particular breeding areas. Such information is available at least for some 
important seabird colonies around the North Sea. Mortality data from the Dutch 
coast may thus be linked to population declines elsewhere. 
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7. PROPOSED RESEARCH 

7 1 Project description 

As recommended in chapter 6 6 it is proposed to set up a research project that 
makes a co ordinated analysis of trends in populations (sizes, distributions) of 
some selected bird and fish species Birds selected for such a study are the 
Guillemot Razorbill and Kittiwake because these species seem to have suffered 
from similar probli ms since ca 1980 Fish species arc selected on the basis of 
their importance in the diet of Guillemot, Razorbill and Kittiwakc Main species 
are Sprat sandeels Norway Pout and young Herring Cod, Haddock and Whiting 
The project includes a sti.dy that compares mortality of seabirds in the southern 
North Sea to trends in 'ne breeding populations to which these birds belong 

The purpose of ihis research project is to supply evidence that seabirds 
have moved their wintering areas after ca 1980 in response to changes in fish 
stocks Secondly, it has to be shown that these shifts m wintering areas have 
caused increased mortality of seabirds leading to declines in some breeding 
populations It is not the intention of this project to search for conclusive 
evidence that fishery pressure (or any other factor) has led to changes in fish 
stocks However, fishery developments are part of the project, and an> 
indications of influence on fish stocks will be documented as far as possible 
Findings from this project may be of assistance in promoting particular studies b\ 
fishery biologists 
Basic topics for the proposed research are 

trends in numbers, distribution and migration of wintering seabirds 
- trends m mortality origin, and sex/age composition of wintering seabirds 

trends in breeding success and breeding numbers of selected seabird 
populations, 

diet and energy requirements of seabirds outside the breeding season 
trends in distribution stock size en fishers pressure for important prey fish 

species 
Data sets and methods that allow such research have been discussed throughout 
this report and will not be repeated here An impression of the intended 
approach for integration of datasets is best obtained from the preliminary 
discussions on the Guillemot and the so called "Sprat scenario (3 8) EvidcniK 
the proposed work will be in much more detail than was possible wiihm the 
framework of this preliminary study The project proposed here has to be 
conducted by an marine ornithologist with knowledge of North Sea fisheries As 
detailed below, the project requires about •î2 man months (28 effective working 
months) with an estimated budget of salan plas ƒ 6"^ 500 expenses (excluding 
supervision incidental expenses) 

7 2 Planning of proposed research 

The planning for a project in terms of time required for anil>sis and writing arJ 
costs cm be described as follows Budgetled lime includes time for the 
inlegniion ol data sets and computer processing and amljsis 
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Br.tding seabirds Contacts with orniihologisis in (at leasi) Norwa) and Bnnin arc needed 
(correspondence travel expenses) A study of literature and reports to summarize trends in numbers 
and breeding success Librarj visits (travel expenses), costs for copjing pnpcrs costs to hu\ reports 
Time needed 2 months Costs travel expenses two limes abroad library \isiis correspondence 
photocopies estimated ƒ 4 000 

Stnbirdi at sea Computer runs of SAST seabirds at sea data should be ordered analj-wd and 
plotted nn maps and m matrices Costs include these computer runs 1 2 visits lo Aberdeen costs to 
use PC for plotting and 3na'>sis A stud) of literature and reports to summarize trends m 
distribution and numbers of survc>-s not included in the SAST data base Librar> \isits (travel 
c\p<.nscs) costs for cop>ing papers, costs to bu> reports Time needed 4 months Costs SAST 
computer runs ƒ "Î.OOO travel expenses TAO times abroad Iibrar> visits, correspondence, photocopies 
csimnted ƒ 4 000 (excluding PC use) 

Senbird mtfpaiton Seawatching repor s should be obtained, and contacts with teams of sca\j.aichcrs 
m i \ be required (correspondence) Published data should be analvscd and worked into standard 
(ormits to allov* PC processing F.me needed 2 months Costs travel expenses, library visits, 
correspondence photocopies est mated ƒ 2 0(X) (excluding PC use) 

Scabird moiinliiy The most recent trends in sirandings and da'a from dissected seabirds should be 
amivvcd to stud) origin sex and age composition of wrecked birds A studv of literature and reports 
to summarize trends abroid and survc)s not included m the NSO data base bbrarv visits (travel 
expenses) costs for copying papers costs to bu> reports Time needed 2 months Costs travel 
expenses library visits, correspondence, photocopies ƒ 1,CKX) 

Seabud dieis and energy requirements A study of literature and reports to summarize the diet and 
energv requirements of seabirds outside the breeding season Library visits (travel expenses) costs for 
copjing papers costs to bu\ reports Contacts with specialists abroad are required (correspondence) 
Time needed 2 months Costs travel expenses library visits correspondence photocopies estimated ƒ 
1000 

Fn\ fu^h diunbiiiion fish nocks and fisheries An analjsis of the lYIIS and HTS focussing on the 
selected Jish species and the preparation for PC processing Librar> visits (trivel expenses) costs for 
copving papers costs to buv reports Contacts v-nh fisheries specialists arc required (visits 
correspondence) The same is valid for an anjivsis of EGFS SGfS and acoustic sur^c>s m the 
North Sen and Imdings sntisiics Time needed 10 months Costs travel expenses two times abroad 
libran visits correspondence photocopies unexpected computer runs RIVO estimated ƒ 1>(XX) 
(excluding PC use) 

Use posona} computer and laser pnntcr An AT PC will be required for permanent use (estimated 
ƒ 4 >üO) prints on laser printers can be bought per print (esiimaied 1500 prints ' ƒ 0 2S) Further 
costs include diskettes and paper Costs estimated ƒ 5,^00 

I-maf report Time and costs for writing preparing figures and tables lav out cover printing 
presentation distribution Time needed 6 months Costs estimated ƒ '10,000 
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List of fish names 

Appendix 1. List of fish names used in this report (sequence and nomcnclai 

according to Wheeler 1978) 

Spurdog Squalus acanlhias Doomhaa l 

Slarry Ray Rttja radiata Slerrog 
Conger Eel Conger conger Zecpaling 
Herring Chipea harengus Haring 

Spral Spraltus spraitus Sprot 
PilchartJ Clupea pilcharda Sardien 
Twaiic Shad Alosa fallœc Fint 
Allis Shad Alosa alosa Elft 
Anchovy Engraulis encrasicolus An.sjovis 
Peruvian Anchovy Engraulis ringens 
Salmon Salmo solar Zalm 

Trout Salmo Irutta Zeeforel 
Smell Osmerus eperlanus Spiering 
Capelin Mnllotus villosus Lodde 
Argentine/l/ycnfi/in sphyraena Kleine Zihersniclt 
Greater ArgznK'me. Argeniina situs Grote Zihersniel l 
Pearlsides Maurolicus muelleri Lichtend Sprotje 

Crucian Carp Carassius carassius Kroeskarper 

/\jigler Lophius piscalorius Zeeduivel 

Cod Cadus morhua Kabeljauw 
Arctic Cod Boreogadus saida Poolkabeljauw 
Haddock Melanogrammus aeglefmus Schelvis 

Whiting Merlangius merlangus Wijting 
Blue Whiting Aftcromeiijruj pouiassou lilatiwe \Mjling 

Poor Cod Trisoptenis tninulus Uwergbolk 
Norway Pout Tiisoplenjs esmarkii Kever 

Bib Trisoplerus luscus Steenbolk 
Pollack (or Coalfish) Pollachius poilachius Witte Koolvis 

Sailhe Pollachius virens Koolvis 

Torsk Brosme brosme Lom 
Five-bearded Rockling Cilinta mustela Vijfdradige Mciin 
Four-bearded Rockling Enchclyopus cimbrius Vierdradigc Meun 

Ling Molva nwlva Leng 
Hake Merluccius rtierluccius I leek 
Viviparous Mcnny Zoarces \i\iparus I 'uitaal 
eelpout Lycodes spp. wolfsvissen 

Garfish Belone bclone Geep 
Sand-smelt Alherina presbyter Koornaarvis 
Stickleback Gaslcrosleus aculcalus Driedoornige Stckelbaars 
Ninc-spined Stickleback Pungiiius pungitiw: Tiendoornige Stekelbaars 

Nilsson's Pipefish Sygnalhus rosiellatus Kleine Zecnaald 

Rcd-fi.sh Sebastes marinus Roodbaars 
Tub Gurnard Trigln luccma Rode Poon 

Red Gurnard Aspilrigia cuculus Engelse I'lion 
Grey Gurnard Eulrigla gumardus Grauv^e I'oon 

Bull-tout Myoxocephalus scorjiiw: Zcedondcrpad 

Hooknose ^go«iH calophiacuis l larna.smannelje 
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I 111 of fish mmc 

Lumpsucker C\cloplenjs lumpus Snotoir 
seasnaili Lipans spp slakdolven 
Scad Trachurus trachunts Ilorsmakreel 
sea breams Pageltus spp ze«brasems 
Red Mullets Miillus sumnileius Mul 
blennics Blenmus spp slijmvisscn 
Catfish Anarhichas lupus Zeewolf 
Butlerfish Pholu gunnellu^ Bolervis 
Sandecl/4»!m(x/)/e5 tobmnus Zandspiering 
Raitts Sar\ùce\ Annnodyies mannas Noordse Zandspiering 
Greater sandeel Hyperoplus lanceolaius Smell 
Dragonct Coliionymus lyra Pitvis 
Sand Goby Pomaloschtsius mmutus Dikkopje 
Tv.0 spotted Goby Gobiusculus flavescens Blonde Grondel 
White Gobv Aplna pelluciiia Wide grondel 
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KORTE BIJDRAGEN 

BROEDENDE GEELPOOTMEEUWEN MRUS CACHINNANS 
MICHAHELLIS TE IJMUIDEN 

YELLOW-LEGGED HERRING GULLS BREEDING AT IJMUIDEN 

FRED COTTAAR 
Lutulistraat 42, 2037 CB Haarlem 

At Umuiden, The Netherlands, a 9 Yellow-legged Gull has been found breeding, paired 
to a â Lesser Black-backed Gull, from 1987 onwards. When forced to leave its former 
nesting place by predating Red Foxes in 1989, the precise nesting location on a roof 
became known and biometrical data on the eggs of this pair were collected in three 
consecutive years (table 1). Moreover, the bird itself was caught, ringed and measured 
(table 2) in 1994. In 1996 a 6 Yellow-legged Gull, paired to a 9 Lesser Black-backed 
Gull, was caught, ringed and measured (table 2). 

Sinds 1987 wordt er in Umuiden met succes gebroed door een 9 Geelpoot­
meeuw Lams cachinnans michahellis, gepaard met een S Kleine Mantel­
meeuw L. fuscus. Nadat de afgelopen jaren de precieze broedlocatie op een 
dak kon worden vastgesteld, werden gegevens over de eieren verzameld (ta­
bel 1) en kon het broedresultaat worden bepaald. Tevens werden de hybride 
jongen voorzien van kleurringen, zodat ze later zouden kunnen worden her­
kend. Het 9 werd op 23 mei 1994 gevangen en geringd met behulp van een 
inloopkooi. De toen vastgestelde maten staan vermeld in tabel 2. De ver­
melde snavelmaten zijn genomen vanaf de inplant van de snavel in de schedel 
en dus niet vanaf de bevedering. Vergelijking met door Cramp (1985) opge­
geven snavelmaten voor michahellis is daardoor niet mogelijk. De afgelopen 
drie jaren was de plaatstrouw opmerkelijk. Er werd steeds op precies 
dezelfde locatie binnen de kolonie gebroed. Deze plaats-

Tabel 1. Maten van de eieren (lengte x breedte, mm) van 9 Geelpootmeeuw gepaard 
met 6 Kleine Mantelmeeuw. 

Table 1. Measurements of eggs (length x width, mm) of 9 Yellow-legged Gull paired 
with 6 Lesser Black-backed Gull. 

ei 1 ei 2 ei 3 
egg 1 egg 2 egg 3 

70.3x51.2 
72.5x51.6 
69.4x51.7 

70.3 X 50.4 
69.6 X 52.0 
69.5 X 49.8 

68.8 X 50.5 
70.3 X 49.8 
66.4 X 50.0 
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Tabel 2. Biometrische gegevens van adult 2 en adult â Geelpootmeeuw, beide 
gepaard met Kleine Mantelmeeuw. 

Table 2. Biometrical data of adult 9 and adult â Yellow-legged Gull, both paired 
with Lesser Black-backed Gull. 

adult â 

71.2 
19.3 

120.7 
439 

70.2 
1050 

mm 
mm 
mm 
mm 
mm 

g 

snavellengte (schedel) bill length (skull) 
snavelhoogte (gonys) bill height (gonys) 
koplengte total head 
vleugel wing 
tarsus 
gewicht weight 

adult 5 

66.0 
18.0 

115.3 
406 

65.5 
780 

trouw was ook al opgevallen op een eerdere broedplek op het Forteiland in 
de monding van het Noordzeekanaal. Deze werd in 1989 echter verlaten als 
gevolg van het ten tonele verschijnen van de Vos Vulpes vulpes. De aan­
komstdatum van het 9 in de kolonie was de afgelopen drie jaren steeds in de 
eerste decade van maart (7 maart 1994, 4 maart 1995 en 8 maart 1996). 
Door de regelmatige verschijningen van Geelpootmeeuwen in en rond de 
kolonies van IJmuiden de afgelopen jaren, was het geen grote verrassing dat 
er in 1996 een nieuw broedgeval op het dak plaatsvond. In dit geval was het 
een â Geelpootmeeuw, gepaard met een 9 Kleine Mantelmeeuw. Ook dit ex­
emplaar werd, op 3 juni 1996, met behulp van een inloopkooi op het nest 
gevangen, gekleurringd en gemeten (tabel 2). 

Cramp S. 1985. The birds of the Western Palearctic, 3. Oxford Univ. Press, Oxford. • 

DE VANGST VAN STERNS EN HET VERWIJDEREN 
VAN RINGEN IN AFRIKA: EEN PROBLEEM 

THE PROBLEM OF TERN CATCHES AND THE REMOVAL OF RINGS IN AFRICA 

ERK W.M. STIENEN & ALLIX BRENNINKMEUER 
DLO-Instituut voor Bos- en Natuuronderzoek, Postbus 23, 

6700 AA Wageningen. 

In the West African winter quarters the practice of catching European terns has tradi­
tionally been widespread. Birds are caught for food or for pleasure. Although in some 
countries measures have been taken to discourage these practices arul the incidence of 
catching terns seems to have decreased in Ghana, recent research indicates that terns 
may sometimes be caught to obtain the rings as a trophy. Some birds appear to have 
been released after the ring has been removed. An analysis of ringing recoveries of 
Dutch Sandwich Terns was carried out, revealing that of 48 ringed birds captured, at 
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least ten birds were released alive after removal of the ring, while 14 birds were 
released with or without ring and of 14 more individuals nothing was recorded (Table 
1). Thus, the the analysis of ringing recoveries of European terns may not be useful to 
determine mortality rates. A further analysis of the scope of this problem seems to be 
necessary. 

Dat sterns een grote aantrekkingskracht hebben op mensen, staat buiten kijf. 
Denk maar aan de vele organisaties die een stemsoort in hun logo hebben 
opgenomen. Deze aantrekkelijkheid heeft de sterns in het verleden echter ook 
vaak parten gespeeld. In het begin van de twintigste eeuw werden aanzien­
lijke aantallen sterns in de broedtijd geschoten ten behoeve van de dames­
mode-industrie. Veren van sterns en zelfs volledige vogels werden gebruikt 
om als versiering van hoeden te dienen. De jacht op sterns en het op grote 
schaal rapen van eieren zijn in het begin van de twintigste eeuw de belang­
rijkste oorzaken voor een forse afname van het aantal broedende Visdieven 
Sterna hirundo en Grote Sterns S. sandvicensis in Nederland geweest. Nadat 
de sterns wettelijk beschermd werden, namen de aantallen vanaf 1910 weer 
gestaag toe (Stienen & Brenninkmeijer 1992, Brenninkmeijer & Stienen 
1992). De jacht op sterns blijft echter een belangrijke sterfte-oorzaak van 
sterns. Uit de literatuur blijkt, dat er in de Westafrikaanse overwinteringsge-
bieden (Ivoorkust, Mauretanië, Ghana, Senegal, Sierra Leone, Togo en Libe­
ria) duizenden vogels zijn gevangen (Mead 1978, Dunn 1981, Meininger & 
Boersma 1988, Staav 1990). In Senegal worden volgens schattingen jaarlijks 
5000-20 000 sterns gevangen (Meininger 1988). De vogels dienen als voed­
sel, maar worden vooral ook voor het plezier gevangen. De plaatselijke jeugd 
vangt de sterns met behulp van strikken of haakjes, waarbij een visje als aas 

Tabel 1. Terugmeldingen van op Griend geringde Grote Sterns uit Afrika. 
Table I. Recoveries in Africa of Sandwich Terns ringed at Griend (Wadden Sea). 

Categorie 

Gevangen captured 

Dood gevonden/oM/irf dead 
Onbekend unknown^ 
Dood (geschoten) dead (shot) 
Ziek, verzwakt weakened 
Gevonden en \os found and releasea 

n 

48 

16 
9 
7 
4 
2 

(%) Sub-categorie 

(56) Los met ring released with ring' 
Onbekend vast/los unknown, released? 
Los zonder ring released without ring 
Dood dead 
Vastgehouden in captivity 

(19) 
(10) 
(8) 
(5) 
(2) 

n 

14 
14 
10 
6 
4 

(%) 

(29) 
(29) 
(21) 
(13) 
(8) 

' Zowel de individuen die met zekerheid zijn losgelaten met ring als diegene waarvan onzeker is 
of ze al dan niet met ring zijn losgelaten. ^ Individuen waarvan alleen het ringnummer is 
gemeld. 
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dient. Een zeer zorgwekkende zaak is dat ook jacht op de sterns wordt ge­
maakt puur en alleen voor de ringen. Er zijn voorbeelden bekend van belo­
ningen voor het inleveren van ringen, die door de plaatselijke autoriteiten 
uitgeloofd worden (om het vangen te ontmoedigen!). Daarnaast worden de 
ringen gebruikt om er sieraden van te maken (o.a. Dunn 1981). In verschil­
lende West-Afrikaanse landen zijn maatregelen getroffen om het vangen van 
sterns te ontmoedigen (voorlichting) en in Ghana is de jacht ook daadwerke­
lijk afgenomen (P.L. Meininger, pers. meded.). 

In het begin van de jaren negentig was de drukte rondom het vangen van 
sterns wat geluwd. Onlangs verscheen echter een artikel dat ons de ogen 
weer deed openen. Becker & Wendeln (1996) doen reeds jaren onderzoek 
aan een visdievenkolonie nabij Wilhelmshaven in de Duitse Bocht. Daarbij 
maken ze gebruik van zogenaamde 'microtags', kleine transponders om indi­
viduen te identificeren zonder dat de noodzaak bestaat om ze te vangen. Alle 
kuikens uit die populatie worden voorzien van een microtag en van een stalen 
ring. In 1994 werd het signaal van een individu opgevangen dat geen metalen 
ring meer bezat. Hier kon onmogelijk sprake zijn van ringverlies door 
slijtage, omdat het hier een stalen ring en een jong individu betrof. De ring 
was kennelijk van de poot gehaald, waarna de vogel weer was losgelaten. 
Een analyse van de Duitse ringgegevens liet zien dat een aanzienlijk deel van 
de in Afrika gevangen Visdieven en Grote Sterns teruggemeld waren als 
'levend losgelaten zonder ring'. Dit was voor ons reden om eens in onze 
eigen administatie te duiken. Sinds 1992 hebben wij op Griend jaarlijks 
ongeveer 2500 puUi van de Grote Stem geringd. Hiervan zijn ondertussen 
heel wat vogels teruggemeld. De resultaten zijn zorgwekkend. Op 56% van 
de terugmeldingen uit Afrika (n= 86) stond vermeld 'gevangen' (tabel 1). 
Hiervan werden er 24 (50%) volgens de melder ook weer losgelaten. Van de 
gevangen individuen werd van 10 vogels (21%) voor het loslaten eerst de 
metalen ring verwijderd. Vier sterns werden na vangst vastgehouden en zes 
zijn na vangst dood teruggemeld (gedood?). Van de overige 14 gevangen 
sterns (29%) is niet bekend of ze zijn losgelaten, vastgehouden of gedood. 
Naast de gevangen sterns is de categorie dood ook van belang (n= 23, 27%), 
waarvan 70% dood werd gevonden en de overige 30% als slachtoffer door 
menselijk toedoen (geschoten, visnet, verkeer, draden enz.) werd 
teruggemeld (tabel 1). De overige categorieën zijn slechts klein en worden 
hier niet verder besproken. Het blijkt, dat de aantallen gevangen sterns in 
Afrika nog steeds aanzienlijk zijn en dus een zorgelijke zaak vormen. Ook 
het verwijderen van ringen is een groot probleem. Het maakt het schatten van 
de jaarlijkse mortaliteit op basis van ringgegevens vrijwel onmogelijk. 
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Het is waarschijnlijk dat de vogels van deze behandeling in Afrika schade 
ondervinden. Het verwijderen van de ringen (zeker van stalen ringen) is zon­
der speciaal gereedschap onmogelijk zonder dat de vogel ernstig letsel word t 
toegebracht (mogelijk met de dood als gevolg). Op Griend hebben w e in 
1995 en in 1996 verscheidene Grote Sterns waargenomen met littekens, ver­
wondingen of vergroeiingen aan een poot. Mogelijk is dit veroorzaakt door 
het verwijderen van de ringen. Het is dus zeer wenselijk dat er een nader 
onderzoek wordt ingesteld naar de huidige omvang van het vangen van sterns 
en het verwijderen van de ringen in Afrika. 

Becker P.H. & Wendeln H. 1996. Ring removal in terns caught in Africa - a major problem for 
population studies. Ringing and Migration 17: 31-32. 
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NASCHRIFT VAN DE REDACTIE Een probleem is dat het niet duidelijk is h o e 

het Vogeltrekstation (VT) de schriftelijke terugmeldingen omzet in EURING-
codes. Vaak is dit 'gevangen, verder lot onbekend' of 'gevangen en losgela­
ten'. Inzage bij het VT in de originele correspondentie van West-Afrikaanse 
melders zou over dit vraagstuk wellicht enige opheldering kunnen verschaf­
fen. Naar eigen inschatting zijn de meeste in West-Afrika gevangen sterns 
overigens we! degelijk afgemaakt of aan de gevolgen van de vangst overle­
den. Senegalese jongens breken in de regel meteen een vleugel van gevangen 
sterns. Mogelijk betrof het Duitse geval een grote uitzondering... (PLM) 




