Oceanography Committee ICES CM 2000/C:04

REPORT OF THE

WORKING GROUP ON SEABIRD ECOLOGY

Wilhelmshaven, Ger many
20-23 March 2000

Thisreport isnot to be quoted without prior consultation with the
General Secretary. The document is a report of an expert group
under the auspices of the International Council for the Exploration of
the Sea and does not necessarily represent the views of the Council.

International Council for the Exploration of the Sea

Conseil International pour I’ Exploration delaMer

Palaggade 2-4 DK-1261 Copenhagen K Denmark



TABLE OF CONTENTS

Section Page
[1 INTRODUGCTION L. 1
e T o e s N 1
(N = 000 Yo (== (0oL T PP PPPPP 1
1.3 JUSLITiCation Of 1E/MS OF FEFEIENCE ... .ccuiecieeceeece et eete e e e eneeereasteeteenteenresneesneas 1
L4 UMY 2
1.5 ACKNOWIEAGEMENES ...ttt et e et e sseeseeeeneeseeseessesneeseaneeneeneessessessesseeneeneessensenes 2
2 REVIEW OF THE SENSITIVITY OF SEABIRD POPULATIONS TO CHANGES IN LIFE HISTORY
PARAIMETERS. ..ottt te e e te et e eteeteeseeeteetesseeteeseeseessensansesseatesseeseensensensansantessentessessesseeneeneessensenes 3
228 R 1 g\ (o (1t o) PP PP 3
E.Z Population charaCteristiCS iN SEADITUS. ...........ccueieiiiecee et tee e et e et e eeesteesreesseenseeneeeneesseenseens 4
E.B Interactions between |ife NiStOrY PArAMELETS.........cc..eviieuueeiieeeieieeeieeeeieeeeeee e ettt s s eeaeeasseseresssseesssssenessssseresan 6|
4 Monitoring of important life history parametersin SEabITAS..........c.veveeeeeeeieceeee e e s eeeneeseeas 7
O o (U = Y PP 8
D.4.2  Subadult SUrVIVAl 10 BrEEOING .....c..e ettt ee et e et e eeeeeneenees 9
P.4.3 _ Reproduction and food Provisioning.......ocoocsecsnsscsnssss 9
D44 Body CONAITION OF DIrEEUEIS ........covveeveeeviecieeee ettt etee et ee e et e eteeeeeneeeneesseenseenns 11
E.S Possihilities of integrated popul ation Monitoring iN SEAINAS. ...........covvviiiiccc e 11
B CONCIUSION......ueeiee ettt e et e st e s teeeteeteeneeaneeaneaaseenseenseensesssesseesseesseesseenseenseensenseensenssenss 11
A = (= (= (o= OO PO U PP UPPOUPPPRPPPP 12
3 REVIEW OF THE EXTENT TO WHICH FISHERIESHAVE ALTERED THE COMPOSITION OF SEABIRD
[COMMUNITIES........cooiiiiieeiietiie et eeeete e stestesteeteeseeseeneesaetesseatesseeseeneensensessesesseasesseeseensensensessessessessenseensensessensen 18
B.1  INrOdUCH ON 18
B2 SeabIrd COMMUNTIES ..o 18
B.3  Thedifficulty of deteCting fiSNEIY EffECES .......ceeceeieieieeeeeeee e teeete e e e eneeeneesreesreens 18
B4 Direct effects on communities. seabirds drowning IN gill NELS.........ccoooiiiiiiiiii e, 19
B.4. 1 NOMNEIN NOIWAY ... .c.veeieieiiecie ettt tee et et eeteenteeseesaeesaeesseenseenseenseeseeeseesseensessseesseesseenseenes 19
BA2  BAUC....oooovvooooooveoooooereoooeerssseeessseeeerseeeeerseeeersseeeeessoeeeerseeeeesseeeeerseeeeesseeeerseeeereseeeeseeeeeseeeeereeeeees 20
B.4.3  Britain and ITEland............coooueeiuiiiiiicieceececc ettt et e e eneeeteesreesreesreesreenreenes 20
B.5 ndirect effects 0N Seabird COMMUNITIES............cvivieeeiieieee ettt 20
E.S.l The numbers of breeding Larus gulls and terns at the south-eastern North Sea.............................. 20]
5.2 Prey StOCK AEPIEIION .......c.ccieeiiecicticeeee ettt enaeeeseestesnesreeneeneeneeneenseseenees 27
B.5.3  Depletion of SNETISh SIOCKS .......cc.ecviieiectiectieetieetiecece ettt et e ae e sreesreenreenns 28
3.5.4 Increasesin prey stocks as a consequence of depletion of stocks of larger fish and marine

FURTHER ASSESSMENTS OF FOOD CONSUMPTION BY SEABIRDSIN THE ICESAREA....................... 35
T 1o o o 35
A L= TV = 35
1,21 NUMDEIS Of DIFOS. ....itiieiceiceieceses ettt e sr et e eseeseeneeseesesreeresseeneeseeneensessessens 35
T T N oo LU= 35
(1.2.3  FOOU CONSUMPLION ........veevieieeteeeteete e eeeeeteeeteeeteeteesteeneeeseesseesneeeneanseenseenseensesseesseessessseesseesseenseenes 35
R i O T e - U 36
1.3.1 Gulf of St. Lawrence (N&:O AreasTOR) ..o 36
1.3.2  Northwest Atlantic (NAFO Areas 2J3KLNOPS) .......c.ccuvviueiiiieieisieiseseesesieesesieeseseeeseeneens 40
A4 1celandiCc WaLErS (ICES ATEAVA) ....cccueeiveeeeeeiieeeee ettt e e et e et eeeeestteeeneeeeseeeaneeesesenseeenbesenseennses 44
1.5  Barents Sea (ICES Areal and eastern parts Of 11a,0) .......ooeeeeeeeeeeiiiiiiiiceeeeee e 44
.6 Norwegian Sea(part of 118) ..o 46
1.7  Baltic Sea(l11b,c,d and southern part Of 111@)..........cccccveieeeieieiieiecccecc e ees 48
0.8 DISCUSS 0N L 48]
T I R = Lo YT 51
B FURTHER REVIEW OF THE CONTENTS ON THE DATABASE ON SEABIRD DIET COMPOSITION....... 54
Bl INITOOUCTON oo ooesooessoeesooeeesoesseesoeeesseeesseeseeeoeeesseemseeereseeseeeseeeseeseeerseeersoeeeees 54
D.2  DalabaSE SITUCIUIE .....eeeieeeie ettt ettt et e e e et e steesteesseeseenseesseesseessesseesseenseessesssessnesnnesssenseenseanseensessanssanas 54
6 HOW CAN WE DEVELOP AWARENESS OF THE RELEVANCE OF SEABIRD ECOLOGY TO ICES
ECIENCE AND ADVICE? ..ottt ettt e eteeteetesteeteeseeseessensensessenbesseesesseeseeseensesseeseeneensensessessenns 58
e e TUTex o o 58
.2 SUGOESHIONS.......eecveeeetiieetieeetieeetteeetteeeteeeetteeeuseessreeasseessseeanseesnseesnseesasesanseesntesansessnsessnsesnsesensesssesansessnsesenseennres 58




Section Page

| ST e T 58|

7 COLLATION OF INFORMATION ON THE DISTRIBUTION AND POSSIBLE CONSUMPTION OF FISH
OFFAL AND DISCARDSBY SEABIRDSIN THE BALTIC SEA ..ottt 59
. Breeding populations of seabirdsin the Baltic ICESArealll) ... 59
|7.2 Discard and offal quantities produced by BalliC TISNENTES ...ooooooooosooooeoooeeesoeeeseesesseeieeseesoeeeionn 61
.3 Estimates of fish consumption by seabirdsinthe Baltic..........ooooocvsiisiii 62
4 Consumptlon of discards and offal by seabirds at fishing vessels in the southern BaltiC.ooo, 62
F.S Ship-folloWing SEADINGS. ... 62
6 Estimated guantities of discards and offal consumed by BalliC SEADITTS ..o 62
L CONCIUSIONS 65
e oY T 65
B WHAT INFORMATION CAN WE PLACE ON THE ICESWEBSITE?.......cocoviioviiieeeeceeeeeeeee e 66
] [T T (T 66
E.Z L O Al O e 66
REVIEWS ...o..o.ooooooooeoemseeeeesseeeesmeeeeerseeeerneeeeeneeeeernreeeeeneeeeerseeeeerneeeeeeneeeeerneeeeeneeeeeeseeeeerneeeeerreeecerreeeeereeeers 66
[ (0= OO ST TP PP P T PP PP PP PP TP U PP PPUPOPPPPPPT 67

9 WHAT QUESTIONS CAN WE TRY TO ANSWER DURING CONCURRENT MEETINGSWITH OTHER
DCEANOGRAPHY COMMITTEE WORKING GROUPS?.......oiitiiiiictsiicicieecseseeisiesssesssssessssesessnsessnsssesssssssnas 67|
O RECOMMENDATIONS........citieiiitiieititiie ettt ettt ettt 67
10,1 PrOPOSAIS ....veveieieeieeeeieeteete st eteeteeeetestesteseeeseeseeseeneessessesseeseeneeneessansessessesseeneensesenseseensensessessessensenneensensessensen 67
10.2  SUPPOIING INFOMMBLION .........eeieeeeeeeeietieeeteee e ee e eteeeteeeeeneeeneeeteeeteeteesseeseeseeneeeneeeseenseenseenseeseesseensenns 68
ANNEX 1 —NAMES AND ADDRESSES OF PARTICIPANTS .......coviititeeteteeeieteesieteeeseteneseeeeeseseeeseeseseseseeneneseens 70|
ANNEX 2 — SCIENTIFIC NAMES OF SPECIESUSED IN THISREPORT ......cciuiiiiitcteteieieicecicieietes s sasscaesenseennaa 71]

ANNEX 3—-MAJOR PREY SPECIES OF SEABIRDSIN THE ICES AREA, IN ORDER OF NUMBER OF

REFERENCES WITHIN THE PRESENT SEABIRD DIET DATABASE.....c.ciiitiiciiici et 72|




1 INTRODUCTION
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12 Termsof reference

At the 86™ Statutory meeting, it was agreed that the Working Group on Seabird Ecology should produce a Report and
that the working Group should meet in Wilhemshaven, Germany from 2023 March 2000 (4 days) (C.Res.
1999/2C04). The terms of reference were to:

a) review the sensitivity of seabird populationsto changesin life history parameters;

b) review the extent to which fisheries have altered the composition of seabird communities;

c) continue to assess food consumption by seabirds in the ICES area;

d) review the contents of the database on seabird diet composition;

€) establish the meansto develop awareness of the relevance of seabird ecology to | CES science and advice;

f)  collate information on the distribution and possible consumption of fish offal and discards by seabirds in the Baltic
Sea, by species and ICES Sub-Division [HELCOM 1999/5: 2000/];

g) consider, and where feasible, develop data products and summaries that can be provided on a routine basis to the
| CES community viathe | CES website;

h) examine the 1999 Oceanography Committee Working Group reports and the Terms of Reference for 2000 to
identify where inter-group input could be provided or required, with the view to formulating key questions
requiring inter-disciplinary dialogue during concurrent meetings of the Committee’s Working Groups in 2002.

1.3 Justification of terms of reference

a) At present monitoring of seabird populations is carried out primarily using counts of numbers and assessments of
breeding success. Changes in food supply may affect other life history parameters. These other parameters may be of
greater importance in driving population dynamics. The review should examine the desirability, feasibility and
practicality of monitoring other parameters. The meeting was planned for the immediate aftermath of a conference on
seabird reproduction to be held in Wilhelmshaven, so a wider range of knowledge than might usually be available could
be called upon for the review.

b) It is known that fisheries have changed the size spectrum of fish populationsin away that is likely to have increased
potential foods for seabirds. Fisheries have also provided large quantities of waste that are consumed by seabirds. It is
not clear how these new foods and increased food supply has changed the overall seabird community. The review will
make comparisons worldwide, but will focus on the ICES area.

¢) The Working Group started work on modelling food consumption in the North Sea at their first meeting. Work
continued for areas outside the North Seain 1999. Data for further areas to the west of the British Isles are available and
may be forthcoming elsewhere. This information should be of interest to other ICES Working Groups, and potentially
to OSPAR and HELCOM.

d) This database was established prior to the March 1998 WGSE meeting and has been added to since. It is though still
incomplete. It provides a useful and detailed summary of data on seabird diet by species and size of prey, by season and



by location. WGSE were unable to review it in an updated version at the 1999 meeting. It has been further updated, and
isavital source of information for WGSE.

€) the Group feels that its products and science could be made better use of within ICES. The Group will consider the
usefulness of mechanisms such as a section in the ICES web site for promoting products such as the seabird Diet
database, or as a source of other relevant information.

14 Summary

The Working Group on Seabird Ecology met for four days (2023 March 2000), and was attended by eleven nominated
representatives from five countries. We were able to address all terms of reference and the results are reported here.
Some of the terns of reference are of a review or discussion nature, which no doubt will be able to be added to in the
future.

We did not have sufficient time to complete an exhaustive review of the sensitivity of seabird populations to changesin
life history parameters, even with regard only to influences of food abundance and hence to possible effects of fisheries.
However, it is clear that different species of seabirds respond differently depending on their particular life history
strategies, and that the ideal programme of seabird monitoring would consider not only breeding numbers and breeding
success, but would include attention to other aspects of seabird life history parameters, especially adult survival and
recruitment rate. There is a need for further review of literature, demographic models and field techniques available in
order to develop a better understanding of the ways in which seabird monitoring programmes might be improved by
taking these parameters into account.

With respect to the effects of fisheries on seabird populations, both negative and positive impacts can occur at multiple
gpatial and temporal scales. Commonly, effects on population abundance are difficult to demonstrate, even if they are
very likely to exist. To make things more complicated; a single fishery can potentially have simultaneous positive and
negative impacts on a species of seabird. The potential effects of shiftsin age and size-structure of fish in the North Sea
as aresult of overfishing large predatory fish are very difficult to quantify, but are likely to be or have been substantial.
Discards and offal as an extra source of food were probably most significantly positive effects for birds like the northern
fulmar and several species of gulls.

The food consumption estimates presented in this report are preliminary and do not cover all areas of interest for ICES.
Also, the consumption model we have applied will need future refinement of many of the parameters. In general,
information on the distribution, diets and energy budgets of seabird outside the breeding season are scarce and new data
could easily alter our assessments considerably. Nevertheless, the results illustrate the magnitude of seabird
consumption, which is above one million tonnes per year in Canadian waters and in the range of 0.6—1.0 million tonnes
per year in each of the Barents, Norwegian and Baltic Seas. Furthermore, they demonstrate some important differences
and similarities between the different areas considered.

Most striking, perhaps, is the very similar consumption estimates (1.0 million tonnes per year) for the NW Atlantic area
and the Barents Sea, despite seabird numbers in the Canadian region being estimated at twice those of the Barents Sea
(Table 4.12). The difference in numbers is largely explained by the huge numbers of small-sized seabirds, mainly
Leach’s storm-petrels and visiting little auks appearing in Canadian waters. The two regions are also amazingly similar
with respect to the balance between fish and invertebrate prey with a dightly higher consumption (almost 50% of the
total) of fatty fish species (the most important being capelin, herring and sandeels) while fish species with lower energy
content congtitutes less than 10% of the total consumption.

Although there has been only a very limited amount of work on the consumption of discards by seabirds in the Baltic
Seq, it is evident that herring gulls consume a high proportion of the offal and discard production in this area. A few
discards are too large for gulls to swallow (predominantly cod over 27cm) but there is evidence of gulls selecting
roundfish discards and not taking some flatfish discards. The data suggest that gulls consume considerably more than
half of the discards and almost all of the offal discharged by Baltic fisheries. In addition, it appears that herring guill
distribution in the Baltic in winter is determined to a considerable extent by the local distribution of discarding fishing
vessels, which are concentrated in the southwest Baltic. Whether the provision of discards and offal from Baltic
fisheries has affected the population trends of gullsin the Baltic is not known.
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2 REVIEW OF THE SENSITIVITY OF SEABIRD POPULATIONSTO CHANGESIN LIFE
HISTORY PARAMETERS

2.1 Introduction

Seabird numbers in a population change as a consequence of births, deaths, immigration and emigration (Figure 2.1).
Much effort has been put into surveillance of the size of seabird populations, and almost al of this effort has been
directed at the census or sample monitoring of breeding numbers. Thisis largely because it is very much easier to make
accurate counts of breeding numbers, or nests, than it isto count all birds in seabird populations. For example, in many
seabird species some immature birds visit colonies but some remain at sea far from the colonies and mixed with
immatures from other populations. However, changes in breeding numbers may reflect not only births, deaths,
immigration and emigration, but also changes in age of recruitment (defined here as first breeding), changes in the
proportion of established breeders that choose not to breed in a particular year (non-breeding), or changes in timing or
synchrony of breeding that can be confounded with changes in breeding numbers if, as is often the case, census counts
of nests or breeders are made on a particular date in the breeding season.

Life history theory envisages trade-offs between components of fitness, such as survival and reproductive investment
(Roff 1992, Stearns 1992, McNamara and Houston 1996). Long-lived birds, such as most seabirds (Furness and
Monaghan 1987), may be expected to respond to adverse environmental conditions (such as reductions in food
abundance, increased predation or bad weather) by reducing their investment in current reproduction in order to
increase residual reproductive value and maximise lifetime reproductive success (Monaghan et al. 1989, Montevecchi
1993, Sather et al. 1993, Pyle et al. 1997, Oro and Pradel 2000). Based on such life history considerations, Cairns
(1987) proposed a model of seabird responses to reduced food supply in which slight reductions affect breeding adult
activity budgets and diet selection but not breeding success or adult survival rate. In his model, moderate reductions
would also affect chick growth and breeding success, but only severe reductionsin food supply would cause a reduction
in adult survival rates, by which time effects on breeding success would be catastrophic. Monaghan et al. (1992)
proposed that arctic terns Serna paradisaea followed such a pattern of reproductive investment, abandoning current
breeding effort when body condition fell below a threshold that might begin to affect survival prospects of the parents.
Similarly, Wernham and Bryant (1998) showed inter-year reproductive costs for Atlantic puffins Fratercula arctica,
supporting the hypothesis that such long-lived birds reduce the ‘quality’ of their offspring or abandon a breeding
attempt rather than compromise their survival and future opportunities to reproduce. A few studies have validated a
corollary of this model, showing that the demography of long-lived birds may tend to be driven by variations in
reproductive output across years or by the balance between immigration and emigration, since adult survival rates
would be expected to remain rather constant and not vary with food supply (Pons and Migot 1995, Oro et al. 1999).
However, in contrast to predictions of life history theory, several recent experimental studies in which reproductive
effort of adults was manipulated by adjustment of brood sizes have shown that in black-legged kittiwakes Rissa
tridactyla adult surviva rate is considerably reduced in birds that invest more in current reproduction (Erikstad et al.
1995, Jakobsen et al. 1995, Golet et al. 1998). Thus the framework of life history theory leads us to anticipate that
seabird breeding numbers (equivalent to estimated ‘population size’) may vary as a consequence of life history trade off
by seabirds.

Monitoring seabird breeding numbers alone, will not only fail to provide any indication as to the cause of a measured
change in numbers, but also may present a less than optimal approach to detecting change, since specific life history
parameters may vary more strongly in response to changes in food supply than would breeding numbers. For example,
breeding success may show strong relationships with food supply but despite this there may be little consequent impact
on breeding numbers, as a result of various forms of buffering of breeding numbers. Also, while change in food
abundance may affect breeding success, small and often undetected changes to adult survival might have a more
significant influence on population change. There is therefore a need to evaluate the strength of influence of different
life history parameters on seabird population dynamics, with a view to considering the best approach to monitoring
seabird populations to identify influences of changes in food availability that may result from changes in fisheries or
fish stocks.

There is good evidence that changesin food availability can affect the reproductive output of seabirds and can correlate
with overall changes in population size (Croxall and Rothery 1991). The locations of seabird colonies and numbers of
breeding pair numbers are relatively well documented in the ICES area. However, owing to the life history
characteristics of seabirds — k-strategy with high annual survival rates and low reproductive outcome — short-term
changes in numbers or reproductive outcome caused by reduction of the food supply are difficult to detect by estimating
population size at breeding sites. In particular, due to the delayed maturity of seabirds, changes may only become



obvious many years later in the breeding pair numbers, while current monitoring programmes usually do not include
counts of the non-breeding part of the population, immature (=prebreeders, =subadults) and non-breeders (=established
breeding adults that choose not to breed in a particular year).

Reproductive success, on the other hand, is a parameter indicating the actual environmental situation at the breeding site
during a respective year. Productivity is not necessarily a very sensitive indicator of reproductive performance (Hunt et
al. 1986) and is not only influenced by food supply. Many other factors may affect it, such as predation, weather,
flooding and others (e.g., Becker 1998). Another limitation is that the indicative value of productivity is restricted
mainly to the environmental situation during the reproductive period, excluding other periods of the year.

In consequence, to use seabirds as indicators of food supply, other life history parameters should be selected in addition.
In this chapter we briefly review life history traits with respect to their desirability, feasibility and practicability as
characteristics for monitoring seabird population dynamics as response to changes in food supply.

22 Population characteristicsin seabirds

In general, seabirds represent extreme K-selected species. Adult survival is generally high, and annual reproductive
output low. Many species delay first breeding until several years old (Table 2.1). In consequence, the non-breeding part
of the population is high.

Table 2.1. Some mean demographic and biological characteristics of the main families of seabirds. From Croxall and
Rothery (1991).

Group Age (years) at | Adult annual | Clutch size Chick-rearing
first breeding survival rate (%) period (days)
Fohenisciformes
Spheniscidae (penguins) 4-8 75-85 (-95)a 1-2 50-80 (-350)b
Procellariiformes
Diomedeidae (albatrosses) 7-13 92-97 1 116-150 (-280)c
Procellariidae (petrels) 4-10 90-96 1 42-120
Hydrobatidae (storm petrels) c4-5 c90+ 1 55-70
Pelacanoididae (diving petrels) 2-3 75-80 1 45-55
Pelacaniformes
Pelacanidae (pelicans) 34 c85 2-3 55-60
Sulidae (gannets, boobies) 35 90-95 1-2 (-3)d 90-120 (-170)e
Phaethontidae (tropic birds) ? ? 1 60-90
Fregatidae (frigate birds) ?2c9-10 ? 1 140-170+
Phal acrocoracidae (cormorants) 4-5 85-90 2-3 60-90
Charadriiformes
Alcidae (auks) 2-5 80-93 1-2 15-20
Lariiformes
Laridae (gulls) 2-5 80-85 2-3 25-50
Sternidae (terns) 2-5 77-90 1-3 2540
Stercorariidae (skuas) 3-8 c93 2 2540

a) emperor penguin; b) emperor penguin 170 days, king penguin 350 days; c) great abatrosses; d) boobies; €) red-footed booby to
140 days, Abbott’s booby to 170+ days.

The regulation of a seabird population is schematically shown in Figure 2.1. Most important parameters are adult
survival, reproductive success, subadult survival to recruitment, as well as immigration and emigration. The two last
parameters are difficult to study; therefore in population models immigration and emigration are usually considered to
be equal (emigration -immigration=0).
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Figure 2.1. Scheme of the most important parameters regulating seabird populations

For conservation as well asin order to use seabird populations as indicators for the marine environment it is important
to know what parameters are especially sensitive and important in determining trends in the size of the population. A
simulation modelling analysis enables us to make assessment of the theoretical sensitivity of seabird populations to
changes in the demographic parameters. To demonstrate this we analysed the effects of a5 per cent negative change in
adult survival, subadult survival to breeding and reproductive success on a flourishing population, as well as an increase
in the age of first breeding. We performed the calculations on the basis of parameters in actual populations of three
species with different life styles (Table 2.2). To indicate one extreme of life history strategy we selected the especially
K-selected fulmar Fulmarus glacialis. Towards the opposite extreme, with relatively low adult survival but high
breeding output we selected the example of the shag Phalacrocorax aristotelis, and the common tern Serna hirundo
was selected as an example of an intermediate species (Table 2.2).

The model is amodification based on Croxall and Rothery (1991):
Rek =N X by x§ x (2! x s
where

Ru« = size of a cohort of potential recruits available in a population
N; = number of breeding pairs k years previousy

b, = number of chicks fledged per pair k years previously

§ =thefirst-year survival rate

(sa)“! = the annual survival rate from then until recruitment

k  =ageat recruitment

s, =annual adult survival rate



The modelling output reveals that in fulmar and common tern, adult survival rate was the most sensitive parameter
(Table 2.3). A reduction in adult survival by 5% causes a stronger response of population size than a change in the other
parameters. In the common tern a reduction of subadult survival has an intermediate effect. In both species a shift of
breeding success and age of first breeding have lesser effects on population change (Table 2.3). In the shag, however,
the change of each parameter has a similar effect on the population, respectively. Owing to low adult survival adelay in
the age of first breeding causes the strongest effect on population, in contrast to the other species.

The examples demonstrate the specific importance of adult survival and also of subadult survival on population size in
seabirds. They indicate also the interspecific differences owing to various life history strategies. To understand the
dynamics of a population in question it is necessary to gather information on these important population parameters.

Table 2.2. Population parameters of three species of seabirds leading to a population increase. Data from Birkhead and
Furness (1985; fulmar and shag) and from Wendeln and Becker (1998) and Becker (unpubl.)

Fulmar Shag Common tern
Adult survival 0.97 0.82 0.90
Sub-adult survival to breeding | 0.63 0.39 0.34
Breeding success 0.49 1.84 1.20
Chick Pair year™”
Age at first breeding 8 3 3
Population change + 12% + 18% + 10%

Table 2.3. Population change in %, if population parameters are reduced by 5% (age of first breeding increased by 1
year) in three seabird species. The data are calculated using a ssmple population model and are based on the sources of
Table2.1.

Population change

Population parameters Fulmar Shag Common tern
Adult survival -5% -5% -5%

Subadult  survival  to | -1% -5% -3%

breeding

Breeding success -1% -4% -1%

Age at first breeding 0% -7% -1%

2.3 Interactions between life history parameters

Life history theory predicts that selection should favour allocation of time and resources toward the stage of the life
history at which survival or reproduction is least variable, all other things being equal (Stearns 1992). In long-lived
birds such as seabirds, survival of offspring is commonly variable and unpredictable, and selection should weight adult
survival more heavily than fecundity (e.g., Goodman 1974, Charlesworth 1980). Several studies have shown that adult
survival in many species of seabirds, including black-legged kittiwakes, is high and rather constant (e.g., Weimerskirch
et al. 1987, Aebischer and Coulson 1990, Hatch et al. 1993, Erikstad et al. 1995, Pugesek et al. 1995, Cam et al. 1998,
Frederiksen and Petersen 1999, Wendeln and Becker 1999), although adverse environmental conditions can decrease
survival in specific years (e.g., Rattiste and Lillelent 1995, Harris et al. 1997, Oro et al. 1999).

Strong inferences show that intraspecific density-dependent competition for food has the potential to act as a regulating
mechanism, especially during the breeding season. In several species reproductive performance or chick growth and
quality are reported to be lower in highly populated colonies (Birkhead and Furness 1985; Croxall and Rothery 1991).

Body condition is an important parameter related to reproductive performance and output as found in wandering
albatross Diomedea exulans (Weimerskirch 1992, Weimerskirch et al. 1997), blue petrel Halobaena caerulea (Chastel
et al. 1995) and common tern (Frank and Becker 1992, Wendeln and Becker 1999). Impaired condition during
reproduction can lead to an interruption of breeding or to brood reduction in order to avoid an increased risk of
mortality (blue petrel Chaurand and Weimerskirch 1994 a,b; king penguin Aptenodytes patagonicus Olsson 1997; arctic
terns, Monaghan et al. 1989, 1992).



In guillemots Uria aalge on Skomer, Lindner et al. (2000) showed a positive correlation of survival between adults and
subadults of a year class, indicating that both age groups are influenced by the same factors outside the breeding season.
The same tendency was found by Becker (unpubl.) in common terns (adult survival and subadult survival to age 2:
rs=0.46 (n=6, n.s.). The two year classes 1992 and 1993 had lesser subadult return rates (0.24 on average) than the 4
following year classes (0.45). In addition, a lower percentage of the former returned aready at age 2 (67%/92%), and
they recruited later (3y recruits 38%/57%). These data indicate poor wintering conditions for the year classes 1992 and
1993 aswell asfor the adults wintering in Africain these years.

The effects of egg size on chick survival and recruitment to the breeding population is unclear. For instance, Hipfner
(2000) showed that guillemot chicks hatching from replacement eggs with 25 % less albumen had similar hatching
success, fledging mass and survival to breeding age (5 years old) as first eggs. Alternatively, the opposite result was
found in another study on guillemots (Van Pelt and Monaghan 2000). The discrepancy may be due to divergent
foraging conditions among colonies. Nonetheless, egg size appears to directly affect the size of chicks upon hatching.
Chicksthat hatch from alarger egg have larger skeletal features (Hipfner and Gaston 1999); however, chick growth also
depends on the provisioning rates of parents.

These examples may show the dynamic interactions between the life history traits, and they underline the necessity to
look to many of the relevant population parameters to be able to find the causes for population changes and influences
of changesin food supply.

24 Monitoring of important life history parametersin seabirds

In Table 2.4 we have listed the life history parameters most relevant for integrated population studies in seabirds. We
distinguish between different degrees of desirability to measure a specific characteristic, of the feasibility and
practicability to record it (financial and/or logistic reasons; man power).

In this report we concentrate on the parameters of highest desirability, adult survival and subadult survival to breeding.
The review of the techniques to study all the parameters listed, however, would require more time and space than is
available here.

Table 2.4. Monitoring of important life history parameters

Parameter Desirability Feasibility Practicability
Population
- population size (breeders) +++ +++ +++
- incidence of non-breeding + + -
- adult survival +++ ++ +
- subadult survival to breeding +++ + -
- recruitment

% of fledglings ++ + -

% recruits in population + + +
- recruitment age + + +
- immigration rate + - -
- emigration rate + - -
- sex ratio of the breeding population + - -
- mean age of breeders ++ + -
Reproduction and food provisioning
- reproductive success ++ ++ ++
- laying date + ++ ++
- clutch size + +++ ++
- egg size + +++ ++
- chick growth rate + ++ +
- mass of fledglings + ++ +
- adult nest and brood attendance; ++ ++ +

provisioning rate

- degree of kleptoparasitism + ++ +
Body condition of breeders + + +




+++ highest; ++ high; + moderate; + more or less; - low
24.1 Adult survival

2411 Evidencethat adult survival can vary asa function of food abundance

Adult survival rate of breeding black-legged kittiwakes in Shetland shows a high variation, from 0.53 to 0.98 for both
males and females (Oro and Furness, submitted), even higher than that recorded for the snow petrel Pagodroma nivea, a
seabird that breeds in extreme environmenta conditions and shows high annual variability in survival and fecundity
(Chastel et al. 1993). That result contradicts the concept of the ‘typical’ seabird as having consistently high adult
survival and strong buffering against environmental stress through variation in reproductive effort (Lindén and Maller
1989, Monaghan et al. 1989, Sagher et al. 1993, Oro et al. 1999). In fact, models indicate that much of the variation in
Foula kittiwake adult survival rates can be attributed to measured environmental factors. Adult survival rate was higher
in years when adult body mass towards the end of the breeding season was high, when 0-group sandeel abundance was
high, and when breeding success of great skuas was low (Oro and Furness, submitted). Similarly, adult survival of great
skuas was lower at Foula, Shetland during years of sandeel scarcity than it was when sandeels were in abundant supply
(Catry et al. 1998).

It is well known that when availability of food during breeding and especially during chick rearing is low kittiwakes
may fail to breed successfully because they are beyond the limits of their buffering capacity (Walsh et al. 1991,
Danchin 1992, Hamer et al. 1993). However, accurate measures of food availability and their inter-year variations are
very difficult to obtain in natural conditions, and the influence of this environmental factor on adult survival is difficult
to test. Of the two published studies on the effects of food availability on gull adult survival (Pons and Migot 1995, Oro
et al. 1999), neither reported any relationship between the two parameters. However, adult survival of black-legged
kittiwakes in Shetland was significantly correlated with the abundance of 0-group sandeels, although it was independent
of 1+ group sandeel abundance (Oro and Furness, submitted). There is a negative correlation between O-group
recruitment and 1+ group abundance of sandeels in the large North Sea stock, but no significant correlation between O-
group recruitment and 1+ abundance in the Shetland stock (Furness 1999). Kittiwake breeding success in Shetland
correlates with 1+ sandeel abundance and is independent of O-group abundance, the opposite of the relationship for
adult survival. However, these contrasts are not unexpected. The 0-group sandeels do not recruit until midsummer, but
remain available to kittiwakes during July and August when 1+ sandeels tend to remain buried in the sand and so have
become unavailable to surface-feeding seabirds. Results suggest that 0-group sandeels probably play an important role
for adult kittiwakes to replenish body reserves depleted during breeding. Thus, adult survival would depend not only on
the environmental conditions during breeding and the reproductive effort associated (see above), but aso on those
occurring just after breeding. In fact, severa studies showed that adult mortality of kittiwakes and of gulls in general
probably occur mostly after the breeding season (Coulson and Wooller 1976, Pugesek 1987, Reid 1987, Rattiste and
Lilleleht 1995, Pugesek et al. 1995). Conversely, abundance of 1+ sandeels, which are the main food of breeding
kittiwakes from April to June, affects breeding success of kittiwakes but O-group sandeels apparently recruit too late to
do so even though they are fed to chicks (Galbraith 1983, Harris and Wanless 1990, 1997, Furness 1999).

2412 Adult body condition and survival

It has been suggested that a primary cause of adult mortality in gulls may be the loss of body mass (body condition) as
the breeding season progresses (Coulson et al. 1983, Pugesek 1987, Pugesek 1990). However, few studies have
assessed properly the costs of reproduction associated to adult survival in gulls and their results are controversial (Reid
1987, Pugesek and Diem 1990, Cam et al. 1998, Golet et al. 1998). Golet et al. (1998) and Golet and Irons (1999)
showed that chick rearing caused a reduction in body condition and fat stores of breeding kittiwakes and led to a lower
adult survival rate than in birds in which reproductive effort was experimentally reduced by removing their chicks.
However, individuals which had produced a replacement clutch and raised the second brood successfully, no negative
effects on survival rates were detected in Brunnich’'s guillemots Uria lomvia (Hipfner 2000) and in common terns
(Wendeln et al. 2000).

24.1.3 Effect of predation on adult survival rate

Kittiwake adult survival rate at Foula was reduced in years when great skua Catharacta skua breeding success was high
(Oro and Furness, submitted). Most killing of kittiwakes by great skuas occurs when great skuas have chicks to feed
(Furness 1987a, Hamer et al. 1991, Phillips et al. 1999), and it is therefore not surprising that the survival rate of adult
kittiwakes was reduced in years when great skuas have more chicks. During years of great skua reproductive failure, the
food requirements of the skua population will be much smaller as some birds that failed early will have dispersed,
others will remain relatively inactive in the territory. In contrast, in years when chick survival is high despite low
sandeel abundance, great skuas will have to work particularly hard in order to meet their chicks' food requirements and
it is known that this involves increased killing of kittiwakes (Heubeck et al. 1997, 1999, Ratcliffe et al. 1998). There is
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a strong correlation between sandeel (%) in great skua chick regurgitates and productivity of great skuas (Spearman
rank correlation rg = 0.915, n = 12, P < 0.001). Sandedl availability has been low for great skuas during the whole study
period, but when it was extremely low, breeding failure would mean that the food requirements of the great skua
population would be much smaller as some birds that failed early will have dispersed, others will remain relatively
inactive in the territory. In contrast, when breeding success of great skuas was higher because sandeel abundance was
moderate, the extent of predation on kittiwakes would have been increased to meet the energy demand. If sandeel
abundance were to return to the high levels prevailing in the 1970s, we would anticipate a low level of predation by
great skuas on kittiwakes despite high great skua breeding success since the skuas would be able to meet their
requirements easily by feeding predominantly on sandeels. This was the situation prevailing in the 1970s (Furness
1987).

2414 Practicability

To calculate adult survival, local recordings (resighting, retrapping) are necessary year by year. Very large samples are
required to detect a significant change in the survival rate. For instance, in the wandering albatross for a sample of 1000
birds the standard error of an annual survival estimate, assuming a 100 per cent recapture rate, is 0.8 per cent per annum
(Croxall and Rothery 1991). For such long-lived birds a consistent reduction in survival of 1-2 per cent per year can be
highly significant for the population. Also accurate estimates of survival in one year cannot be made until a further 2 to
3 years have elapsed, because of the extent to which birds are known to show intermittent breeding.

24.2 Subadult survival to breeding

Estimation of juvenile survival also needs large samples of birds. In species with long-deferred sexual maturity there
will be a considerable delay in obtaining results (e.g., Harris et al. 1992). For some species, this may be short-circuited
by obtaining estimates of survival from the birds that attend the colony in the years prior to that of recruitment.

Variation in the survival of subadults is much greater than in that of adults. In the common tern, adult survival was 0.90
(0.87 —0.97, n=7 years, coefficient of variation: 3.8%), subadult survival 0.38 (0.22 — 0.48, n=6 year classes, coefficient
of variation=37.5%; measured as subadult return rates, Wendeln and Becker 1998 and unpubl.). The difference suggests
higher susceptibility of immature seabirds for environmental impacts like food shortage outside the breeding season,
with strong influences on the population change.

A problem in estimating subadult survival is that only local recruits can be covered. That means that return rate is
measured; the percentage of emigrated birds cannot be recorded. Another problem is that subadults normally cannot be
recorded with high probability before they are breeders.

243 Reproduction and food provisioning

Estimation of breeding success is usually very straightforward, requiring only estimates of the breeding population size,
mean clutch size, and the number of chicks fledging. However, as indicated by Hunt et al. (1986), breeding success is
not necessarily a sensitive indicator of reproductive performance, and other indices, especially those relating to
provisioning rate, might be preferable. The extent to which breeding success reflects food abundance seems to vary
among seabird species, and this variation is somewhat consistent. For example, fulmars and common guillemots tend to
show about the same breeding success in all colonies under almost all conditions of food abundance, weather and other
environmental variation. At the other extreme, tern breeding success is highly variable from colony to colony and from
year to year, being very severely affected by food abundance, but also by weather, disturbance, and predation impact
(e.g., Becker 1998). It may be possible to select those seabird species in which breeding success relates to food
abundance but is relatively unaffected by weather or predation. For example, in the kittiwake, selection of colonies that
are not affected by predators permits monitoring of breeding success as a function of food abundance (Furness 1999).

2431 Laying Date

Food availability can lead within populations to variation in the date of egg laying in a population among years
(Birkhead and Harris 1985; common tern, Becker 1996). Environmental conditions that influence food abundance or
accessibility, such asthe extent of seaice or stormy weather, may also be negatively correlated with lay date.

24.3.2 Clutch Size

The number of eggs laid depends on food availability in the breeding season (terns: Monaghan et al. 1992, Frick and
Becker 1995, Becker 1998). For instance, the mean clutch size of herring gulls declined from 2.8 - 2.9 eggs per clutch



in years of high food availability to 2.7 in alow food year (Pons 1992). The sex ratio of the clutch also varies with food
supply in sexualy dimorphic species. For instance, females of lower body condition tend to bias the sex ratio of their
clutch towards the sex that has a smaller body mass or lower growth rates (Nager et al. 2000, Kalmbach et al. 2000).
This presumably increases the number of offspring parents can raise successfully (reproductive success). Thereisalso a
balance between the number of eggs produced and the size and/or quality of each egg (Birkhead and Harris 1985).
Species that lay a single-egg clutch can not vary the size of their clutch when food availability varies but instead vary

egg size.
2433 Egg Size and Quality

Besides clutch size, egg size can also decline under extremely low food availability (Pons 1992). In a year of low food
availability, lesser black-backed gulls given additional fish had larger clutch sizes and larger eggs than control birds
(Bolton et al. 1992). Species that lay a single-egg clutch can regulate their reproductive effort by varying egg size or the
amount of resources allocated to the egg (Birkhead and Harris 1985). Considerable variation in egg size (25-30 %)
occurs among and within auk populations (Birkhead and Harris 1985). This reflects variation in female mass or body
condition (Birkhead and Harris 1985) and, thus, egg size is indirectly affected by food availability through adult body
condition.

2434 Adult nest and brood attendance, and provisioning rates

The rate of provisioning depends on food availability and again varies considerably among and within populations and
years (e.g., Gaston 1985). Some seabirds have flexible time and energy budgets during the breeding season and are thus
able to maintain provisioning rates under moderate declines in foraging conditions (e.g., Burger and Piatt 1990). When
foraging conditions decline further, however, parents become unable to maintain provisioning rates (Uttley 1992, Uttley
et al. 1994). Some species can also alter the resting time at sea while breeding (e.g., Monaghan et al. 1994) but this does
not alow adults to maintain provisioning rates. This indicates the importance of non-foraging time in other critical
activities (e.g., digestion).

Many species of seabirds are unable to alter time budgets either at the colony or at sea and, thus, lower food availability
results in reduced chick growth. Whether a species is capable of time-buffering is shown by cross-fostering and
twinning experiments, or experimentally increasing the clutch size (Birkhead and Harris 1985).

2.4.35 Growth Rates of Chicks

Growth rates depend on food availability during breeding (Gaston 1985, Mlody and Becker 1991, Klaassen et al. 1992).
In common terns breeding in the Wadden Sea, there is a close relationship between the supply of young herring and the
growth rate (Greenstreet et al. 1999). This occurs because parents rank their own survival over the survival of their
chicksin any given year and, thereby avoid jeopardising their own future reproductive potential.

Chick growth will reflect foraging conditions especially in species that cannot alter their time budgets (some
procellariformes, terns). Many procellariformes alternate between foraging trips to maintain their own body condition
and provisioning trips (Chaurand and Weimerskirch 1994b, Weimerskirch et al. 1997, Weimerskirch 1998). The
parent’s body mass appearsto play a central role in such foraging/provisioning decisions.

2.4.3.6 Mass of Fledglings

Fledging mass depends on food availability during the breeding season, varies between years and reflects the amount of
energy reserves of fledgling and, thus, how long a bird can withstand starvation. Therefore, mass at fledgling should be
positively correlated with the probability of recruitment to the breeding population. Becker (1999) and Becker et al.
(2000) showed for common terns and Hipfner (2000) for guillemots that higher body mass at fledging resulted in an
earlier age of recruitment into the breeding population and a higher probability of being resighted at the colony.
Davoren and Montevecchi (2000) also suggested that a guillemot colony with a stable population had lower chick
condition (mass/wing length) than a colony with an increasing population growth. Other studies on guillemots that
employed ringing techniques, however, found no relationship between fledging mass and the probably of being
resighted at the colony as prospectors or recruits (Hedgren 1981, Harris et al. 1992). This discrepancy has led
researchers to suggest that characteristics of fledglings other than mass (e.g., wing length, wing loading) are important
to the survival of guillemots as they depart the colony and in their first year at sea (Hipfner and Gaston 1999).
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2437 Degree of Kleptoparasitism

Kleptoparasitism (or predation) at the colony may determine provisioning rates of chicks depending on the extent and
consistency (Veen 1977, Furness 1987b, Gorke 1990, Ludwigs 1998). Marked intraspecific kleptoparasitism in a colony
indicates food shortage (Ludwigs 1998). Finney et al. (2000) showed that provisioning rates of Atlantic puffin parents
were lower in areas where gulls were present versus areas where gulls were absent; however, this did not affect the
growth rates of chicks or breeding success.

2438 Reproductive Success

Reproductive success appears to be the least sensitive parameter in reflecting prey availability or foraging conditions
because it is influenced by other factors like predation, weather or flooding. Additionally, parents are able to buffer
provisioning rates, chick growth and mass of fledging. Reproductive success is positively correlated with the quality
and age/experience of the breeders (e.g., Coulson and Thomas 1985, Wendeln and Becker 1999, Weimerskirch 1992).
In years of severe prey scarcity (e.g., off Peru during ENSO events), however, seabirds may abandon breeding attempts.

244 Body condition of breeders

Body condition of adults is an important parameter linked with other life history characteristics such as reproductive
performance, adult survival (see 2.3, 2.4.1) or with recruitment (e.g., Porter and Coulson 1987, Becker 1999). Body
mass can be measured easily after catching the bird, mainly possible during incubation or chick rearing. However, the
stage of the breeding cycle and of the incubation shift of the weighed bird should be known and taken into account, as
they influence body mass (e.g., Frank and Becker 1992, Wendeln and Becker 1996, Golet et al. 1998, Golet and Irons
1999). In some studies adult weight has been recorded remotely and automatically (Sibly and McCleery 1980,
Monaghan et al. 1989, Frank and Becker 1992, Wendeln and Becker 1996).

25 Possibilities of integrated population monitoring in seabirds

The use of seabirds as monitors of the marine environment is becoming increasingly widespread. Monitoring of
parameters other than population size, breeding success and performance is usually regarded as necessary information
for interpreting changes. Asis shown above, the relevance of the various population parameters will depend on the life-
style of the species concerned. For extreme K-selected species the order of parameters measured may be adult survival,
subadult survival and breeding success.

The different population parameters integrate environmental effects over different time spans. Different lag times before
the effects can be measured and different accuracies with which effects are likely to be detected have to be considered
(Croxall et al. 1988).

Logistically costly, long-term monitoring of seabird populations is rare (Nisbet 1989, Wooller et al. 1992).
Nevertheless, there are some good examples of integrated long term studies: wandering abatross (Weimerskirch and
Jouventin 1987, Croxall et al. 1992, Weimerskirch 1999), short-tailed shearwater Puffinus tenuirostris (Wooller et al.
1989, Bradley et al. 1991, 1999), kittiwake (Coulson and Thomas 1985, Porter and Coulson 1987, Thomas and Coulson
1988); puffin (Harris and Wanless 1991, Harris et al. 1997); great skua (Furness 1987a); common tern (Becker and
Wendeln 1997, Becker et al. 2000). Such studies require special sites which allow good access, along term perspective,
an engaged team of researchers, the necessary financial basis and effective data management (Bradley et al. 1991). In
addition the use of new field techniques, e.g., field readable rings or remote and automatic recording of subadults and
adults by passive transponders (Becker and Wendeln 1997, Becker et al. 2000) may help to increase the efficiency of
integrated population monitoring in seabirds.

2.6 Conclusion

We have not had sufficient time to complete an exhaustive review of the sensitivity of seabird populationsto changesin
life history parameters, even with regard only to influences of food abundance and hence to possible effects of fisheries.
However, it is clear that different species of seabirds respond differently depending on their particular life history
strategies, and that the ideal programme of seabird monitoring would consider not only breeding numbers and breeding
success, but would include attention to other aspects of seabird life history parameters, especialy adult survival and
recruitment rate. There is a need for further review of literature, demographic models and field techniques available in
order to develop a better understanding of the ways in which seabird monitoring programmes might be improved by
taking these parametersinto account.
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3 REVIEW OF THE EXTENT TO WHICH FISHERIESHAVE ALTERED THE COMPOSITION
OF SEABIRD COMMUNITIES

31 Introduction

There are direct and indirect effects of fisheries on seabirds. Most direct effects involve killing of seabirds by fishing
gear or by culling, while indirect effects mostly work through the alteration in food supplies of birds (Tasker et al.
2000). Seabird mortality in long-line fisheries or in other fishing gear can lead to drastic population declines and may
bring certain vulnerable species to the brink of extinction, but even the (persistent) disturbance of birds due to some
fishing activities, such as some aguacultural pursuits, may negatively affect seabird numbers (Davidson and Rothwell
1993). On the other hand, seabirds may also benefit from fisheries, because many fishing activities increase the food
supply or enhance the availability of prey for seabirds. The practice of discarding unwanted fractions of a commercial
catch is clearly beneficial for scavenging seabirds (e.g., Camphuysen et al. 1995). Furthermore, major shifts in fish
stock composition, for example due to overfishing of large predatory fish, have led to a (relative) increase in smaller
fish, suitable for consumption by seabirds. The most prominent fishery effects have recently been summarised by
Tasker et al. (2000). We will not repeat that review, but instead concentrate on alterations in seabird communities that
may have been influenced by fisheries.

Proving the scale of fisheries effects can be difficult due to confounding and interacting combinations with other
anthropogenic effects such as pollution, culling, hunting, disturbance or with more natural oceanographic factors that
can influence prey availability. In fact, fishery effects can be masked completely in seabird populations that are subject
to major shifts due to these and other factors. Moreover, the life history patterns of seabirds can also buffer them to
some extent from anthropogenic influences associated with fisheries. In the present review, we will show examples of
major shifts in numbers of seabirds breeding around the North Sea and in the species composition of certain breeding
areas and try to explain these shifts. We will also give examples of clear-cut fishery effects that are obvious and
(directly) affect large numbers of birds, but that for some reason do not show up on the population level. First, however,
we need to define what is meant by “the composition of seabird communities’.

3.2 Seabird communities

We distinguish two main types of seabird community. Seabirds may compete for or share breeding sites (nesting
community) because of overlapping nesting habitat requirements or because they share a feeding area. Seabirds that
share the same nesting area may however forage in widely separated areas and have a completely different prey
spectrum, and some seabirds that nest far apart may interact while foraging in overlapping areas and perhaps even
directly compete for prey (feeding community). While competition for nesting sites and for prey are perhaps the most
thoroughly studied aspects of inter-specific interactions between seabirds, the activities of one species may also enhance
the feeding opportunities of another. As a result, a shift in a seabird community through a change in the abundance of
one species (for example influenced by fisheries) may affect another species simultaneously, even though that fishery
plays no obvious role in the feeding ecology of the latter. For example, socia feeding pursuit diving common
guillemots and razorbills significantly enhance the feeding opportunities of surface plunging kittiwakes (Camphuysen
and Webb 2000). Hence, a mass mortality of auks in gill-nets could indirectly have a negative impact on kittiwakes
even athough they themselves do not get entangled. Also, seabirds sharing the same breeding community (e.g., terns
and gulls or gannets and common guillemots), but differing in feeding ecology, may compete for nesting space, so that
the foraging success of the one species may indirectly affect the nesting space of the other (e.g., Howes and
Montevecchi 1993).

So, while species in a given area may share a certain nesting community, a feeding community, both or neither, any
aspects affecting a given seabird species may work through community interactions to affect other speciesindirectly. As
the effects of fisheries on seabirds are usually ambiguous, we concentrate on the examination of clear trends in
population levels, downward or upward, on a moderately large spatial scale (e.g., SE North Sea, Shetland area, British
Idles, etc.) for groups of species that share particular prey and foraging techniques. Such changes should lead also to
shiftsin relative abundance and species composition within seabird communities.

33 Thedifficulty of detecting fishery effects

From the above it is clear that fisheries effects may act directly on a species or indirectly through the wax or wane of
either a competitor or a “co-operator” in mixed feeding systems. All other factors being equal, the numbers of seabirds
breeding or feeding in a given area should reflect the carrying capacity of that region in terms of amount of food
available. Prey availability is not the same as the size of prey stocks present, for several factors influence the
accessihility of prey for seabirds and the profitability (in terms of intake rates achievable) of a given area. Prey
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availability may fluctuate independently of prey stocks and prey availability is also different for species using different
foraging and feeding techniques.

Fishery effects can be strong, so that populations grow or decline, but fishery effects are often indirect and may be
subtle, for instance the reproductive output, activity patterns or time budgets of birds may alter. Fishery induced
increases in food supply often result in an increase in ‘secondary prey’, that is not preferred when ‘normal’ prey is
sufficiently abundant (e.g., Furness and Hislop 1981). A clear cut negative effect of fisheries, such as the bycatch of
large numbers of seaduck, may be very hard to quantify, because a complete census of birds that ‘ disappear’ to breed in
vast Russian and Scandinavian forests is simply not feasible. Perhaps most important, however, is that fishery-induced
changes in fish stocks are often very difficult to distinguish from natural variation or environmental impacts on fish, so
that the next step, an effect on fish predators (such as birds), will become even more obscure.

34 Direct effects on communities: seabirdsdrowning in gill nets
341 Northern Norway

Among seabirds in the Northeast Atlantic, the pursuit-diving auks, common guillemots, razorbills and Atlantic puffins
are the most vulnerable to entrapment in gillnets and other fixed fishing gear. Gillnets set for cod off northern Norway
killed very large numbers of Brunnich’s guillemots and common guillemots between at least 1965 and 1985 (Strann et
al. 1991). In early spring 1985 the estimated kill of both species totalled was greater than 100 000 birds. In this same
area, summer driftnet fisheries for salmon used to regularly drown thousands of local breeding birds (Vader and Barrett
1982, Strann et al. 1991). Numbers of common guillemots at Hjelmsgy declined from 220 000 in 1965 to 10 000
individuals by 1985. Brunnich’s guillemots at this colony declined from >2000 to 220 in the same period (Vader et al.,
1990). The fishery has been closed since 1989 to conserve salmon stocks, but the auk populations had reached a
critically low level and have so far not shown any signs of recovery (Lorentsen 1999). Common guillemot populations
on Kharlov, Horngya, and Syltefjord were not affected by the gill-net fisheries, because the foraging areas were located
beyond the sea area with gill nets, and two of these populations increased steadily between the 1970s and mid 1980s
(Figure 3.1). Recoveries of guillemots ringed as chicks on Helgoland since 1912 revealed an increase of the proportion
killed in fishing gear from less than 4 % until 1969 to 42 % in the period 1989-94. However, the mortality rate
remained virtually stable (Huppop, 1996).
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34.2 Baltic

In the Baltic Sea, seaduck such as common eider, common scoter and long-tailed duck, divers, grebes and auks (mainly
common guillemot and razorhill) are affected mostly by fixed nets in coastal or shallow offshore waters. Certainly in
the case of the seaducks, very large numbers can be affected and locally, this may affect substantial proportions of
wintering seaduck communities (Kirchhoff 1982; Kies and Tomek, 1990; Meissner 1992; Stempniewicz 1994). With a
total of over 7 500 000 seaduck wintering in the Baltic (Durinck et al. 1994), however, the overall seaduck community
effects may be relatively small but are most certainly very difficult to detect.

3.4.3 Britain and Ireland

Seabird bycatch impacts around Britain and Ireland tend to be of a localised nature, diluting any possible population
effect (Tasker et al. 2000). Studies around Wales (Thomas 1992) and Scotland (Murray 1993; Murray et al. 1994)
found no evidence of widespread impact, with at best ‘hot spots' in mortality where nets were set immediately beside
seabird colonies.

35 Indirect effects on seabird communities
351 The numbers of breeding Larus gullsand terns at the south-eastern North Sea

In the south-eastern North Sea, most European species of gulls Larus spp. have greatly increased in numbers and/or
established new breeding colonies during most of the 20™ century (Spaans 1998a,b; Garthe et al. 2000). In several of
these species, most notably the black-headed, herring and lesser black-backed gulls, population increases have at times
been very drastic. Such ‘explosions’ in the population have however only occurred in The Netherlands when control
measures relaxed or when e.g., systematic egging in dune areas had ceased. It has been widely assumed that the (human
influenced) food availability of these birds has improved over time (e.g., discards, rubbish tips, littered beaches). Owing
to control measures, gull numbers have been kept artificially low for most of the last century so that the carrying
capacity of the area may have been much greater than has so far been reflected in numbers of nesting gulls. At present,
several breeding populations of gulls are under pressure from predation by mammals and/or disturbance due to
increased tourism. The main aspects influencing the increase and decrease of nesting gulls in the south-eastern North
Sea might be summarised as follows (not in order of importance):

Table 3.1. Main factors influencing the increase and decrease of nesting gullsin the SE North Sea

Effect on Scde

population
Exploitation egaing negative widespread, mainly early 20" century
Persecution culling negative until late 1970s in Germany, until late 1960s in Netherlands
killing adults strongly localised
negative
Predation clutches, chicks negative widespread on mainland since late 1970s
adults strongly occasional
negative
prey availability rubbish tips positive widespread, mainly 1960s-1980s, most covered up since
littered beaches positive widespread since 1970s, mainly common, black-headed and
herring gulls
discardsin commercial  positive progressive increase throughout 20 century, steep increase
fisheries since 1960s, perhaps decline since late 1980s.
eutrophication of positive increase after 1945and significantly in 1970s, phosphate
coastal waters decreased in 1980s, but this did not decrease N/P ratio,
nitrogen levels remained high.
agricultural positive gradual change throughout the 20" century, particularly
development strong since the 1960s
overfishing of small negative increase throughout 20" century, shortly interrupted during
fish 2" World War leading to recovery of fish stocks
overfishing of positive increase throughout 20" century, shortly interrupted during
predatory fish 2" World War leading to recovery of fish stocks
breeding habitat disturbance negative increased tourism, particularly since 1960s since
national parks positive since mid-1980s in Germany
chemical pollution adults, clutches, chicks negative 1950s-1980s

20



Table 3.2 is an attempt to quantify the possible impact of each of these factors on gullsin the south-eastern North Sea. It
appears that gull populations must have been under severe pressure during the first half of the 20" century, mainly as a
result of exploitation and persecution. The drastic increases in numbers could be anticipated from the 1960s onwards,
on, in response to the relaxation of persecution and increased food supplies from commercial fisheries, rubbish tips and
agriculture. This situation is apparently continues, athough predation and disturbance are increasingly important as
factors suppressing these trends.

The overall population trends of gulls observed in Germany and The Netherlands do in fact match up quite well with
this pattern, although there are differences between species that require further explanation (Figures 3.2-3.5). Black-
headed and herring gulls have dominated the area during most of the 20" century, with colonisation of new areas by
common and lesser black-backed gulls and avery few great black-backed gullsin recent years.
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Figure 3.2. Population trend and species composition of gulls nesting in coastal areas of the North Sea in Germany
(data after Schulz, 1947, and Garthe et al., 2000). Y -axis represents numbers of breeding pairs.
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Table 3.2. Possible impacts of factors listed in Table 3.1 on gullsin SE North Sea.

Decade Exploitatio Persecution Prey availability Breeding grounds

n

Overfishing
Egging Culling Killing Eggs Rubbish Littered Discards Eutroph- Agri- Prey Predatory Distur- Nature  Pollution Overall
adults Chicks tips Beaches ication  culture species fish bance Reserve trend

1900 - -- -
1910 - - - - +
1920 - - - - +
1930 - -- - + - +
1940 -- - + + - + -
1950 - + + + - -
1960 -- ++ + + + + -- ++ - - +
1970 - ++ + ++ ++ ++ - ++ - - ++
1980 - + + ++ ++ ++ -- ++ - + - ++
1990 + ++ ++ ++ - + - + +

22



300000

250000 -
200000 W GBbG
O HerG
B LBbG
150000 1 0ComG
O0BhG
mLitG
100000
O MedG

50000

il

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Figure 3.3. Population trends and species composition of gulls nesting in coastal areas in the Netherlands (data after
Meininger and Flamant, 1998, Koks, 1998, van Dijk, 1998, Keijl and Arts, 1998, Spaans, 1998 a and b). Y-axis
represents numbers of breeding pairs.
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Figure 3.4. Species composition (% of all coastal nesting individuals) of gull at the North Sea coast of Germany
(referencesasin Figure 3.2.).
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Figure 3.5. Species composition (% of all coastal nesting individuals) of gull in The Netherlands (references as in
Figure 3.3.)

Perhaps the most important fishery induced impact on gull populations has been caused by the production of discards
from commercia fisheries. The amounts of discards and offal in the North Sea offshore fisheries were estimated by
Garthe et al. (1996) from published data and from unpublished statistics. In addition, Garthe et al. (1999) quantified
discards in the coastal shrimp fisheries on the basis of calculations by Walter (1997). In total, approximately 1 million
tonnes of biota is discarded every year by commercia fisheries in the North Sea. The fisheries in which discards are
discharged at the highest rate are beam trawl fisheries (Camphuysen et al., 1995; Garthe and Damm, 1997). The species
of seabirds profiting most from discards and offal of these beamtrawl fisheries are several species of gull, most notably
herring and lesser black-backed gulls (Camphuysen et al., 1995). Several of the smaller species such as black-headed
and common gulls are more numerous in inshore waters, notably in shallow areas such as the Wadden Sea (Garthe,
1997). Most of these gulls, however, produce more offspring in seasons when their natural prey is available and are
consumed in abundance than in years when discards form the greater part of their diet (e.g., Spaans et al. 1994).

Reducing the amount of discards available to scavenging seabirds might increase the predation pressure on other, non-
scavenging, seabird species (Furness, 1992). On theisland of Trischen (Germany) the predation and kleptoparasitism by
black-headed gulls on terns is considerably higher in times when discards from the local shrimp fishery are not
available (Hélterlein, 1996). Substantial effects of discard availability were observed at least in herring and great black-
backed gulls wintering on the island of Helgoland. When cod fishery discards were available close to the idand, 83 to
87% of the gulls' pellets contained discard remains (70 to 73% of all pellets consisted even exclusively of these). At
times when no nearby trawling took place, numbers of herring gulls dropped by up to 86% and numbers of great black-
backed gulls by up to 80%. Adults of both gull species had a significantly lower body mass during periods of no fishing
around the island (13 and 24% less, respectively). Effects on gull winter mortality and thus on population dynamics can
be assumed (Huppop and Wurm 2000).

In conclusion, gullsin the south-eastern North Sea have obvioudly benefited considerably from fishery induced changes
in food supply, but the effects coincided with several important aspects either stimulating or suppressing further growth
of the population. In the absence of detailed studies and with the impracticability of controlled experiments, the extent
to which fishing activity has contributed to these trends are very difficult to judge. The species composition in the
south-eastern North Sea gull breeding community has changed considerably over time, with a tendency to much higher
numbers and increased diversity in the last decades. During the 1990s in The Netherlands, numbers reached a plateau in
some species, and levelled off in others, while new species colonised the country and lesser black-backed gulls were
gtill increasing rapidly (Spaans 1998a,b). In Germany, there have so far been only signs of such a levelling off in the
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population of herring gulls in Niedersachsen (bordering The Netherlands; 13% decline between 1993 and 1997; Garthe
et al. 2000). It isimportant to note that the increase in some species of gull is certainly not due to fisheries. Thisis best
illustrated by the increase in Western Europe of Mediterranean gulls Larus melanocephalus, a species with strictly
terrestrial feeding habits, certainly in the breeding season, and which spends the winter in areas away from the main
fisheries in south-western Europe (Meininger and Flamant 1998). Furthermore, most waders breeding in the Wadden
Sea have increased in numbers simultaneously (e.g., Halterlein, 1996), although they do not feed on fish and discards.

Since the tern species breeding on the Wadden Sea coast are very different in their food and foraging habits, they might
offer an opportunity to use their breeding numbers as indicators of food availability. However, as with gulls, their
population development is influenced by a variety of factors at a time. Both in The Netherlands and in Germany,
numbers of common and Arctic terns decreased considerably in the 1950s and 1960s (Figs. 3.6.-3.9.). The same holds
true for the Sandwich tern in The Netherlands, whereas its numbers at the German North Sea even increased throughout
this period (e.g., Glutz von Blotzheim and Bauer, 1982, Becker and Erdelen, 1987). The dramatic decrease in the 1950s
and 1960s was most probably caused by contamination of the southern North Sea by chlorinated hydrocarbons from a
Dutch factory (Becker and Erdelen 1987, Sidbeck et al. 1998). Although the populations of common and Arctic terns
recovered quickly in the early 1980s, numbers did not reach the level before World War I1. In contrast, the numbers of
breeding Sandwich terns in Germany did not show the pollution related decrease but instead doubled from 1939 to the
late 1990s.
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Figure 3.6. Population trends and species composition of terns nesting in coastal areas of the North Sea in Germany
(data after Schulz, 1947, Becker and Erdelen, 1987, Behm-Berkelmann and Heckenroth, 1991, Halterlein, 1996,
Sldbeck and Héalterlein, 1997 and 1999, Stidbeck et al. 1998). (Commic = common/Arctic).
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Figure 3.9. Species composition (% of all coastal nesting individuals) of tern in coastal areas of The Netherlands
(referencesasin Figure 3.7.).

The steep increase in numbers of the common/Arctic terns at the beginning of the 1980s coincides with the
rehabilitation of herring stocks in the North Sea (Dornheim and Wegner 1998). Despite a continued improvement in
herring stocks and despite the fact that the IBTS herring index is correlated with the nesting success of common ternsin
the German Wadden Sea (Greenstreet et al., 1999), surprisingly the common/Arctic terns showed no further increase.
However, the decrease in the herring index in the early 1990s was followed by a slight decrease in numbers of nesting
of common terns. This supports the assumption that a reduction in food availability is responsible for the slight recent
decrease (Sudbeck et al. 1998). In contrast, the numbers of Arctic terns breeding on the German North Sea coast
remained fairly stable. This tern species has a broader food spectrum, namely it takes more crustaceans (Glutz von
Blotzheim and Bauer, 1982, Niedernostheide, 1996). Thus it is likely that it was less affected by a decreasing
availability of herring.

In contrast to common and Arctic terns, the German North Sea population of the Sandwich tern was virtually unaffected
by changes in the herring stock, since the massive increase in Sandwich terns started about 10 years earlier than the
recovering of the herring (e.g., Stidbeck and Héalterlein, 1997). In the southern North Sea, this tern species almost
exclusively preys on clupeids and sandeels (e.g., Glutz von Blotzheim and Bauer 1982, Garthe and Kubetzki 1998).
Hence, the increase in numbers could be related to an possible increase in sandeel stocks in the south-eastern North Sea
that might be caused by e.g., a reduction of the predatory fish species or by eutrophication. Once again it is impossible
to prove any effects of fisheries on community structure.

35.2 Prey stock depletion

More than one million pairs of Atlantic puffins breed in the Lofoten area (NW Norway) and along the coast adjacent to
the Norwegian coastal current north of the main spawning areas of the Norwegian spring-spawning herring stock. First-
year herring was an important food for these birds in the 1950s (Myrberget 1962). In the late 1960s, this herring stock
collapsed completely, as a combined effect of overfishing and poor recruitment (Jakobsson, 1985). For the next twenty
years, the stock remained at avery low level. Although the very strong year class of 1983 led to a substantial increase in
1988 (Hamre 1994), the stock was not fully recovered until the late 1990s when several good year classes recruited into
the spawning population (Rettingen 1998). During the first three decades following the collapse, the breeding success
of puffins in the large colonies at Rast in the Lofoten Islands was successful in seven season only, while in the other
years most or all nestlings died from starvation (Lid, 1981; Anker-Nilssen 1987, 1992, 1998). Puffins, as with most
other seabirds, are long-lived and adapted to withstand years with poor feeding conditions, however, it is not surprising
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that this exceptional series of production failures have affected the number of breeding birds in the area. During the
1980s, the population of breeding puffins at Rast declined at 13.7% per annum and levelled off at only about 35% of its
previous level and although it has since remained relatively stable, a further decrease is now expected due to the annual
breeding failuresin 1993-98 (Anker-Nilssen 1998).
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Figure 3.10. Population development (number of apparently occupied nest burrows + 1 SE) of Atlantic puffins at Rest,
N Norway in 1979-1998. Anker-Nilssen (1998).

Jensen et al. (1994) studied the overlaps between the distributions of fish (sandeel and sprat), three auk species
(common guillemot, razorbill, puffin) and the fisheries for these fish at a relatively large scale in the North Sea. There
were significant positive correlations between bird and fish distribution in the third quarter of the year, with most of the
association being in the north-western North Sea. There were some associations between birds and the fisheries, that
indicated that at alarge scale some fisheries and some birds were exploiting the same fish species in the same place, but
at different times of year. An example of this was that fisheries for sprat in the southern North Sea took place mostly in
the autumn, but there was greater spatial overlap between the two in winter. This study illustrated also the difficulty of
comparing data collected at different scales for different purposes, and therefore highlighted a problem in demonstrating
the competitive impact of fisheries on seabirds. However, fishery impacts at these harvest levels could be cumulative,
and potential effects on seabird populations might be lagged in time.

In the most intensively studied seabird-sandedl interaction, certain seabirds, particularly surface feeding Arctic terns and
black-legged kittiwakes, suffered a series of years with very poor breeding in Shetland in the 1980s. Birds in this area
are entirely reliant on sandeels during the breeding season. This decline was again coincident with an increase in catch
from local sandeel grounds. Research however indicated that fisheries were unlikely to be the cause of the decline in
sandeel abundance. There was considerable fluctuation in recruitment of sandeels following a closure of the local
fishery. A more likely candidate in this case was connected with the recruitment mechanisms of sandeels occurring in
the area (Wright and Bailey, 1993; Wright, 1996). This case highlighted the importance of fluctuations in year class
strength and in understanding the prey population structure in an area before any potential effects of fisheries can be
understood.

35.3 Depletion of shellfish stocks

In the early 1990s, the Dutch sector of the Wadden Sea was cleared of old mussel banks and 100% of the high-density
cockle banks were removed (Beukema and Cadée, 1996). Common eiders and oyster catchers suffered extra mortality
in 1991, due to acute food shortages (Camphuysen, 1997). Wintering eiders have sought refuge in later years in the
coastal North Sea waters, mixing with common scoters over Spisula banks and competing for prey in these waters
(Leopold and Dankers, 1997). Oyster catcher populations in the eastern Wadden Sea declined, largely as a result of
recruitment failures of post-1990 cohorts into the breeding population (D. Heg, personal communication).
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354 Increasesin prey stocks as a consequence of depletion of stocks of larger fish and marine mammals

An effect of the reduction in stocks of large fish by fisheries has been to reduce competition for the prey of some
seabirds. Populations of diving seabirds in the North Sea and around the United Kingdom and Ireland increased
dramatically during the 20th century (Lloyd et al. 1991; Table 3.3). Some of this, as mentioned before, may have been a
response to the cessation of seabird hunting at the end of the 19" century, but the duration of this increase indicates
other causes. The increased proportion of small fish in the North Sea in comparison with the Faroe Bank (Pope and
Knights 1982) and Georges Bank (Pope et al. 1988) was attributed to a possible direct consequence of the more intense
harvesting in the North Sea. Sherman et al. (1981) considered that sandeel stocks had increased in the North Sea and in
the western Atlantic shelf seas as a response to reduced competition with herring and mackerel. In the Barents Sea, an
increase in capelin may have occurred through over-fishing of their main predator, herring (Hamre 1988, 1991,
Gjasather 1998). It is possible that the increases in kittiwakes and guillemots in the southern Barents Sea between 1960
and 1990 can be attributed to this superabundance of capelin in the region (Figs. 3.1 and 3.11, Krasnov and Barrett
1995). However, there is no compelling evidence for this relationship in the northwest Atlantic (Carscadden and
Nakashima 1997), perhaps due to the complexity of direct and indirect effects in marine food webs (Lavigne 1996) or to
oceanographic effects (Frank et al. 1996).

Table 3.3. Changes in numbers and relative abundance of seabirds breeding in the United Kingdom and Ireland
between the early 1970s and the mid 1980s. Only those species with relatively reliable census figures are included.

Species 1969-71 1969-71 % of 198587 1985-87 % of population
population al birds population all birds change
Northern fulmar 309 000 14.2 571 000 20.5 +
Northern gannet 138 000 6.3 188 000 6.8 +
Great cormorant 8 000 04 10 000 04 +
European shag 34 000 1.6 47 000 17 +
Arctic skua 1000 >0.1 3000 01 +
Great skua 3000 0.1 8 000 0.2 +
Black-headed gull 75 000 34 84 000 3.0 +
Common gull 13000 0.6 16 000 0.6 +
Lesser black-backed gull 50 000 2.3 64 000 2.3 +
Herring gull 335000 154 191 000 6.9 -
Great black-backed gull 23 000 1.0 23 000 0.8 *
Kittiwake 447 000 20.6 544 000 19.6 +
Sandwich tern 12 000 0.5 18 000 0.7 +
Roseate tern 2500 0.1 500 0.0 -
Common tern 15 000 0.7 15 000 0.5 +
Arctic tern 52 000 2.4 80 000 29 +
Littletern 2000 0.1 3000 0.1 +
Guillemot 550 000 253 806 000 29.0 +
Razorhill 103 000 4.7 182 000 4.4 +
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Figure 3.11.
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Fig. 6. Changes in the total numbers of breeding Kittiwakes Rissa tridactyla (apparently occupied nests)
on Horngy, Kharloy and on 35 colonies in Sgr Varanger,

355 Discussion

Both negative and positive impacts of fisheries on seabirds can occur a multiple spatial and temporal scales.
Commonly, effects on population abundance are difficult to demonstrate, even if they are very likely to exist. To make
things more complicated, a single fishery can potentially have simultaneous positive and negative impacts on a species
of seabird. The potential effects of shiftsin age and size-structure of fish in the North Sea as aresult of overfishing large
predatory fish are very difficult to quantify, but are likely to be or have been substantial. Discards and offal as an extra

source of food were probably most significantly positive effects for birds like the northern fulmar and several species of
gulls.
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4 FURTHER ASSESSMENTS OF FOOD CONSUMPTION BY SEABIRDSIN THE ICESAREA
4.1 Introduction

Building on its efforts in 1999, the Working Group refined its models of seabird consumption in areas away from the
North Sea (see Tasker and Furness, 1996). The specific regions included are the Gulf of St. Lawrence (NAFO Areas
TSR), the Northwest Atlantic (NAFO Areas 2J3KLNOPSs), the Barents Sea (ICES Area | and eastern parts of |la and
I1b), the Norwegian Sea (ICES Area lla) and the Baltic (ICES Area Il minus Skagerrak). Efforts were made to
integrate models from the different regions into a single compatible one to facilitate comparative analyses and
communication. The aim isto eventually compare seabird consumption in all ICES and NAFO areas.

The models integrated data on i) populations, including breeders, chicks, nonbreeders and migrants that breed outside
but spend considerable periods of time within these ICES and NAFO areas, ii) estimated daily field metabolic rates
(FMR), iii) occupancy dates and iv) diets. Many of these data inputs, such as those involving populations and diets are
constantly being revised, and diets are often quite incompletely known outside breeding seasons.

4.2 Model inputs
42.1 Number s of birds

To estimate numbers of nestlings and pre-breeders, the species were classified according to whether they lay single or
multiple egg clutches, and empirical calculations based on breeding pairs (bp) (single-egg species = (bp x 0.6) + (bp x
0.7); multi-egg species = (bp x 0.6) + (bp x 1)) were adopted. These calculations assume that numbers of non-breeders
(immatures or deferred breeders) are equivalent to 30% of the breeding population and that the fledging success of
single-egg and multi-egg clutch species is 0.7 and 1.0 chicks/pair respectively. Approximate occupation dates for
breeding and non-resident populations in each area were estimated for each species.

422 Energy expenditure

Values for body mass for Norwegian seabirds were taken from Barrett (unpubl., northern gannet, shag, black-legged
kittiwake, razorbill, common and Brunnich's guillemot, and Atlantic puffin), Barrett and Anker-Nilssen (1997, black
guillemot), Cramp and Simmons (1977, great cormorant) and from the 1999 ICES Seabird Ecology Group Report. For
Canadian birds, values were taken from last year’ s report, and for the Baltic Sea from Bezzel (1985).

Basa metabolic rate was estimated using Gabrielsen's (1994) allometric equations for Procellariformes
(BMR=377.9m""® min kg) and for seabirds using flapping flight in cold waters (the rest, BMR=455.1m""*, min kg).
Field metabolic rate within the breeding season was estimated for Procellariiformes using Nagy et al.’s (1999)
alometric equation (FMR=18.4m>** min g) and for the remaining species using Birt-Friesen et al.’s (1989) allometric
equations for seabirds using flapping flight in cold waters (FMR=11.455m""%', m in g). The length of the breeding
season was estimated as incubation period + fledging period (as given in Cramp and Simmons, 1977, 1983; Cramp,
1985) + 20 days. Outside the breeding season FMR was estimated as 2.5 x BMR The overall energy-expenditure for
breeding seabirds in each area was thus cal culated separately within the breeding season (using the largest FMR values)
and outside the breeding season, and for non-breeding birds throughout the period they occupied the area in question
using the reduced FMR values. These were summed to give the overall energy-expenditure for al seabirds in each
region during the year.

423 Food consumption

To calculate the overall food consumption, we used published information on diet composition of each species in each
region. Most studies have been at breeding colonies during summer and little is known of the diets outside this period.
Estimates of food consumption should thus be interpreted cautiously when applied to the complete period in which the
species occupies the area. The assessment of seabird diet by numbers of prey items or by frequency of occurrence, asis
common in dietary papers makesit difficult to estimate the biomass of prey consumed by seabirds (Tasker and Furness,
1996). We tried to avoid such information in the model but in some cases this was the only information available. The
input parameters to the model and their sources and assumptions for each region are given in Tables 4.3, 4.5 and 4.9.
For each region, the diet was divided into three categories, fatty fish (e.g., capelin, herring, sandeels, mackerel, etc.),
lean fish (cod, saithe, etc.) and invertebrates. The mean energy density values applied to each of these categories varied
from region to region, and are summarised in Table 4.1. An assimilation efficiency of 75% was aso assumed (Brekke
and Gabrielsen, 1994, Tasker and Furness, 1996). The output of the model includes only prey items taken from the sea,
and none of the terrestrial prey.
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Table 4.1. Values of energy densities of food items used in the consumption models for each region.

Region Fatty fish  Other fish Invertebrates
Barents Sea 6 5 4.5
Norwegian Sea 6 5* 45
Gulf of St. Lawrence 7 3 3
Northwest Atlantic 45 3 3
Baltic Sea 6 5 45

*For puffins a value of 4 was used due to the small size of their main prey in this region, O-group herring.
4.3 Studies off eastern Canada

Previous models of energy use by seabirds in eastern and Arctic Canada (Cairns et al. 1991; Diamond et al. 1993)
permitted estimation of energy requirements in different oceanographic areas and comparison between these areas. For
example, Diamond et al.’s (1993) model demonstrated that year-round energy demand by seabirds in the Northwest
Atlantic (NWA) was mainly from non-breeding birds, especially populations breeding in the Northeast Atlantic and in
the southern hemisphere. However, in the Gulf of St. Lawrence the year-round energy consumption was close to an
estimate already based on breeding birds alone (Cairns et al., 1991), illustrating the relatively small impact of the few
number of trans-oceanic and trans-equatorial migrantsin this area (Brown, 1986).

In this section, the breeding populations of the seabird species in the Gulf of St. Lawrence and Northwest Atlantic
(NWA), together with data on energy expenditure, occupancy dates and diet, provide the basis for estimating food
consumption by these populations. For the NWA, trans-oceanic and trans-equatorial migrants are also considered in the
estimate of energy demands. The estimates include many assumptions and uncertainties regarding the sizes of the
breeding populations, particularly for gull speciesin the Gulf and NWA, winter diets, etc.

43.1 Gulf of St. Lawrence (NAFO Areas TSR)

The Gulf of St. Lawrence is 214 000 km? in extent (Steven, 1975). The breeding populations were taken from BIOMQ
(Banque Informatisée des Oiseaux Marins du Québec) and from Chapdelaine and Brousseau (1992), Lock et al. (1994)
and Chapdelaine (1995, 1996). We estimated that 30 % of the numbers of breeding birds were pre-breeders and
nonbreeders, and we estimated that production for species producing 1-egg clutches was 0.7 fledglings per pair and that
production for species producing clutches of 2+ eggs was 1.0 fledgling per pair (Cairns et al., 1986). Estimates of
seabird biomass were based on the body masses in Birt-Friesen et al. (1989) and Cairns et al. (1990). Approximate
occupation dates, population estimates in pairs and number of birds (breeders, nestlings and nonbreeders) identified as
total population using the breeding areas (TPA) are presented in Table 4.2.
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Table 4.2. Estimated prey consumption by seabirdsin NAFO Areas 4RST, Gulf of St. Lawrence.

Species Body Total population Period Breed. FMR (kJ/d) Diet (%) Total consumption (tonnes)
mass % by present  season bree- or fat other inverter fat other inverte- Sum %
g indivs. nos. mass days ding else fish fish brates fish fish brates

Leach's storm-petrel 50 1709 0.1 0.0 0.5 130 192 114 0 O 100 0 0 20 20 0.0
Northern gannet 3200 178200 129 386 0.58 150 4048 2709 94 6 0 22184 3304 O 25488 255
Great cormorant 2250 8942 0.6 14 0.58 100 3134 2083 20 80 20 170 1588 397 2155 2.2
Double-crested cormorant 1670 140400 102 159 0.58 100 2523 1668 49 51 10 5250 12749 2500 20498 20.5
Black-headed gull 500 36 0.0 0.0 0.58 80 1050 678 0 10 O 0 0 0 0 0.0
Ring-billed gull 280 120211 8.7 23 0.58 100 689 440 50 50 O 1225 2858 O 4083 41
Herring gull 1120 172393 125 131 0.83 Q0 1887 1238 62 29 9 8297 9055 2810 20162 20.2
Great black-backed gull 680 35050 25 16 0.83 100 1313 853 7T 22 1 1460 973 44 2478 25
Black-legged kittiwake 440 303754 221 91 0.58 90 957 617 93 0 7 7940 O 1394 9334 9.3
Caspiantern 610 40 0.0 0.0 0.41 70 1213 787 50 50 10 1 1 0 2 0.0
Common tern 120 94565 6.9 0.8 0.41 70 372 234 64 31 5 465 526 85 1076 11
Arctic tern 110 3618 0.3 0.0 0.41 70 349 219 99 10 O 23 6 0 30 0.0
Common guillemot 990 181500 132 122 0.58 70 1725 1129 100 O 0 9139 O 0 9139 9.1
Brinnich's guillemot 930 40 0.0 0.0 0.58 70 1648 1078 97 2 1 2 0 0 2 0.0
Razorbill 720 52800 3.8 26 0.58 70 1369 890 100 O 0 2100 O 0 2100 2.1
Black guillemot 400 17143 12 0.5 1 90 893 574 36 63 1 265 1083 17 1365 14
Atlantic puffin 460 66000 4.8 2.1 0.58 110 988 637 100 O 0 1990 O 0 1990 2.0
Tota 1376401 100 100 60511 32144 7268 99923 100




Table 4.3. Summary of diets (% mass) for seabirds in the Gulf of St. Lawrence.

Species Diets assumed for the model References
Leach's storm-petrel 100% invertebrates 1

Northern gannet 58% mackerel, 4% herring, 10% capelin, 22% sandeel, 6% others 2,3,4
Great cormorant 20% sandeel, 40% flatfish, 30% cunner, 7% sculpins, 3% others 5

Double-crested cormorant 6% herring, 18% capelin, 25% sandeel, 15% flatfish, 11% cunner, 10% 5, 6,7, 8
sculpins, 15% others

Black-headed gull n.a n.a
Ring-billed gull 50% capelin, 50% other 10
Herring gull 1% herring, 58% capelin, 3% sandeel, 9% invertebrates, 29% others 2,9
Great black-backed gull 19% herring, 57% capelin, 1% sandeel, 1% invertebrates, 1% sculpins, 21% 2, 10
others
Black-legged kittiwake 27% capelin, 66% sandeel, 7% invertebrates 10, 11
Caspian tern n.a n.a
Common tern 33% capelin, 31% sandeel, 5% invertebrates, 31% others 12,13
Arctictern 17% capelin, 73% sandeel, 10% invertebrates 12
Guillemot 97% capelin, 3% sandeel 10
Brunnich’s guillemot n.a n.a
Razorbill 58% capelin, 42% sandee 10, 14
Black guillemot 8% sandesl, 1% invertebrates, 33% gadidae, 28% daubed shanny, 30% others 15
Atlantic puffin 37% capelin, 63% sandeel 10

(1) Montevecchi et al. (1992); (2) Rail et al. 1996; (3) Burton and Pilon (1978); (4) Taylor and Nettleship (1974); (5) Pilon et al.
(1983); (6) Rail and Chapdelaine (1998); (7) Gallant (1988); (8) Léger and Burton (1979); (9) Rail et al. (in prep.); (10) Chapdelaine
and Rail (unpubl.); (11) Chapdelaine and Brousseau (1989); (12) Chapdelaine et al. (1985); (13) Chalifour (1982); (14) Chapdelaine
and Brousseau (1996); (15) Cairns (1981)

4311 Seabird populations

The estimate of the total humber of seabird breeding pairs in the Gulf of St. Lawrence is about 394 000 and we
estimated at 1.38 x 10° individuals as the total population of birds using the area. The seabird guild is dominated by
black-legged kittiwake (22.1% of total TPA) but their total biomass represents only 9.1%. The northern gannet
dominates the seabird biomass with 38.6% and represents 12.9% of total TPA. Common guillemots, herring gulls and
double-crested cormorants are the next most important consumers with 13.2%, 12.5% and 10.2% of total TPA and
represent 12.2%, 12.1% and 15.9% of the total seabird biomass, respectively.

43.1.2 Consumption of food and ener gy uptake

The northern gannet is the major seabird consumer among the species in the Gulf of St. Lawrence, taking 25.5% of the
food biomass (Table 4.2). The double-crested cormorant, herring gull, and black-legged kittiwake follow with 20.5%,
20.2% and 9.3% of the food biomass consumed annually by all seabirds. The annual total prey biomass consumed by
the TPA is estimated at 100 000 tonnes. This is the equivalent of 4.0 x 10° GJ of energy required by seabirds in the Gulf
or 0.47 g/m? (1g/m? = 1t/km? and entire area is 214 000 km?). Because marine birds are not evenly distributed at sea, the
value given for average prey consumption per unit area is not representative of every sector of the Gulf. Cairnset al.’s
(1991) bioenergetics model subdivided prey type harvest by NAFO Unit Area for the Gulf of St. Lawrence and showed
that in general the spatial distribution of seabird consumption followed the pattern of breeding colonies.

4313 Estimated prey harvest

Fish accounted for 97.6% of the prey consumption of this community. Capelin and sandeel are consumed by all
seabirds and represent the largest prey components, comprising 30.5% (33 000 tonnes) and 21.5% (23 300 tonnes)
respectively of the total consumption (Table 4.4). Larid and alcid species are the most important consumers of these
small pelagic and schooling fish. Mackerel are preyed only by northern gannet and account for 13.6% (14 500 tonnes).
The total benthic and estuarine fish (mainly represented by flatfish, cunners, sculpins) are consumed mostly by great
and double-crested cormorant and comprise 8.4% of the annual prey consumption by seabirds.
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Table 4.4. Estimated prey harvest by seabirdsin the Gulf of St. Lawrence.

Species Pelagic fish Benthic and estuarine fish

Mackerel Herring Capelin  Sandeel Invertebrates Cunner Sculpins Gadidae Flatfish Daubed Others

Shanny

Leach's storm-petrel 21.0
Northern gannet 14783.0 10195 25488 5607.4 1529.3
Great cormorant 431.0 646.5 150.9 862.0 64.7
Double-crested cormorant 1229.9 3689.6 51245 2254.8 2049.8 3074.7 3024.7
Black-headed gull n.a.
Ring-billed gull 2041.5 2041.5
Herring gull 201.6 11694.0 604.9 1814.6 5847.0
Great black-backed gull 470.8 14125 248 24.8 24.8 520.4
Black-legged kittiwake 2520.2 6160.4 653.4
Caspiantern n.a
Common tern 355.1 333.6 53.3 333.6
Arctictern 51 219 3.0
Guillemot 8864.8 2241.7
Brinnich’s guillemot n.a.
Razorhill 12180 882.0
Black guillemot 109.2 13.7 450.5 382.2 409.5
Atlantic puffin 736.3 1253.7
Total prey harvest 14783.0 5323.3 33044.4 23295.0 2584.2 2901.3 2225.0 450.5 3936.7 3822 13820.6
% of tonnes/year 14.8 5.0 33.1 20.8 2.6 3.9 2.2 0.4 3.9 0.4 111




432 Northwest Atlantic (NAFO Areas 2J3KLNOPs)

The area of the Northwest Atlantic considered in this section is estimated at 470 000 km? (Lilly and Shelton 2000). For
breeding populations of NWA, most information is provided by Nettleship and Evans (1985), Montevecchi and Tuck
(1987), Nettleship and Chapdelaine (1988; unpubl.), Cairns et al. (1989), Lock et al. (1994), Diamond et al. (1993),
Sklepkovych and Montevecchi (1989), Storey and Lien (1985), Stenhouse and Montevecchi (1999), Chapdelaine and
Chardine (unpubl.). Estimates of the proportions of different prey consumed by seabird species are given in Table 4.5.
The NWA is frequented by large numbers of migrants so an estimate of energy use by this group of seabirds was done

separately.

Table 4.5. Summary of diets (% mass) for seabirds in the Northwest Atlantic.

Species Diets assumed for the model References
Northern fulmar 50% capelin, 20% squid, 10% discards 18
Manx shearwater n.a n.a
Leach's storm-petrel 55% myctophid, 30% amphipods, 10% euphausiid, 5% other 1
Northern gannet 35% mackerel, 35% capelin, 15% herring, 10% saury, 3% squid, 2% 2, 19
sandeel, 2% Atlantic salmon, 1% gadoids, 1% others
Great cormorant 53% cunner, 16% sculpins, 12% sculpins, 5% flatfish, 2% invertebrates 3, 4
1% gadoids, 27% other
Double-crested cormorant  27% cunner, 10% flatfish, , 6% sandeel, 41% other 3,4,5
Black-headed gull n.a n.a
Ring-billed gull 50% capelin, 50% other 18
Herring gull 51% capelin, 9% invertebrates, 2% gadoids, 1% squid, 37% others 6,7,89
Great black-backed gull 50% capelin, 10% seabirds, 40% other 18
Black-legged kittiwake 75% capelin, 25% others 6, 10
Cagspian tern n.a n.a
Common tern 33% capelin, 31% sandeel, 5% invertebrates, 31% other 11
Arctictern 73% sandeel, 17% capelin, 10% invertebrates 11
Guillemot 86% capelin, 5% sandeel, 5% daubed shanny, 2% gadoids, 2% others 12,13, 14
Brunnich’s guillemot 66% daubed shanny, 29% capelin, 2% sandeel, 2% gadoids, 1% other 14
Razorhill 62% capelin, 33% sandeel, 5% other 13,15

Black guillemot 33% gadoids, 28% daubed shanny, 8% sandeel, 1% invertebrates, 30% 16
other

Atlantic puffin 80% capelin, 15% sandeel, 3% gadoids, 12% other 9, 13,17,18

(1) Montevecchi et al. (1992); (2) Montevecchi and Myers (1997); (3) Milton and Austin-Smith (1983); (4) Ross (1976); (5) Lewis
(1957); (6) Threlfal (1968); (7) Haycock and Threlfall (1975); (8) Pierotti (1983); (9) Brown and Nettleship (1984); (10) Regehr
(1994); (11) Chapdelaine et al. (1985); (12) Cairns et al. (1990); (13) Birkhead and Nettleship (1983); (14) Birkhead and Nettleship
(1987); (15) Chapdelaine and Brousseau (1996); (16) Cairns (1981); (17) Rodway and Montevecchi (1996); (18) Montevecchi
unpubl.; (19) Montevecchi et al. submitted.

4321 Seabird populations

The 18 nesting seabird species within the NAFO Unit Areas 2J3KLNOPs number about 5.6 million of pairs (Table 4.6).
We estimated the total population at 3.27 x 10’ individual seabirds. Most are Leach’s storm-petrels (81%), common
guillemots (10%) and Atlantic puffins (5.4%) breeding at colonies on Baccalieu Island, Funk Island and Witless Bay
Idands (Montevecchi and Tuck 1987; Cairns et al. 1989; Lock et al. 1994). Gulls and terns (2.8%), northern gannet
(0.4%), black guillemot, Brunnich’s guillemot, razorbill (0.8%), double-crested cormorant, great cormorant, Manx
shearwater and northern fulmar (<0.1%) comprise the remainder. Biomass densities of nesting seabirds in this area
represent 7.8 kg km during the breeding season.

In contrast to the Gulf of St. Lawrence, this area supports large numbers of migrant seabirds that breed outside the
region. Their population sizes are poorly known but the migrants probably number about 75% the breeding species
(Brown, 1986; Diamond et al., 1993; Lock et al., 1994). Nine species are considered as occurring within and breeding
mostly or completely outside of NAFO Areas 2J3KLNOPs. The offshore banks of Newfoundland are the chief
wintering area for little auks that represent about 70% of the migrant group estimated at 14.3 x 10° of birds (Table 4.6).
Brunnich’'s guillemot (10.5%), great shearwater (10.5%), black-legged kittiwake (3.5%), northern fulmar (2.1%), sooty
shearwater (2.1%), Iceland gull, glaucous gull and Wilson's storm-petrel (1.3%) complete the list. Biomass densities of
these migrants represent a potential of 10.7 kg km through the year. Thus, in contrast to the seabird numbers the
biomass of migrants exceeds that of the breeders.
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Table 4.6. Estimated prey consumption by seabirdsin NAFO Areas 2J3KLMNOPs, Northwest Atlantic (NWA).

Species Body Total population Period Breed. FMR (kJd) Diet (%) Total consumption (tonnes)
mass % by present  season bree- or fat other inverte- fat other inverte- Sum %
g indivs. nos.  mass days ding €se fish fish brates fish fish brates

Northern fulmar (natives) 800 175 0.0 0.0 1 140 1009 807 70 10 20 11 2 5 19 0.0
Northern fulmar (visitors) 800 300000 0.9 3.8 1 0 807 70 10 20 18333 3929 7857 30119 29
Manx shearwater 480 330 0.0 0.0 0.75 140 743 563 25 25 50 4 6 12 23 0.0
Greater shearwater (visitors) 890 1500000 4.6 21.3 058 0 870 25 25 &0 20470 30705 61410 112584 10.8
Sooty shearwater (visitors) 790 300000 0.9 3.8 0.58 0 800 25 25 50 3764 5646 11292 20702 2.0
Wilson's storm-petrel (visitors) 40 50000 0.2 0.0 0.58 0 98 20 O 80 61 0 368 429 0.0
Leach's storm-petrel 50 14889442 454 119 058 130 192 114 20 O 80 26728 O 160371 187099 18.0
Northern gannet 3200 80850 0.2 4.1 0.58 150 4048 2709 9% 2 3 15823 500 750 17072 1.6
Great cormorant 2250 601 0.0 0.0 0.75 100 3134 2083 0O 98 2 0 165 3 168 0.0
Double-crested cormorant 1670 1048 0.0 0.0 0.75 100 2523 1668 6 94 O 9 221 0 230 0.0
Black-headed gulls 280 25 0.0 0.0 1 80 689 440 0 10 O 0 0 0 0 0.0
Ring-billed gulls 500 23062 0.1 0.2 0.58 100 1050 678 50 50 O 561 842 0 1403 0.1
Herring gull 1120 151787 05 2.7 1 Q0 1887 1238 51 39 10 11110 12743 3268 27120 26
Great black-backed gull 680 12460 0.0 0.1 1 100 1313 853 50 40 O 622 746 0 1368 0.1
Iceland gull (visitors) 860 100000 0.3 14 0.58 0 1017 50 50 O 3189 4783 O 7971 0.8
Glaucous gull (visitors) 1700 50000 0.2 14 0.58 0 1690 50 50 O 26561 3976 O 6627 0.6
Black-legged kittiwake (natives) 440 293821 0.9 21 1 90 957 617 70 25 15807 O 7904 23711 23
Black-legged kittiwake (visitors) 440 500000 15 35 0.58 0 617 70 25 14506 O 7253 21759 21
Caspian tern 610 108 0.0 0.0 0.5 70 1213 787 50 50 O 3 4 0 6 0.0
Common tern 120 11128 0.0 0.0 1 70 372 234 64 31 5 192 139 22 353 0.0
Arctic tern 110 16358 0.0 0.0 0.5 70 349 219 0 0 10 197 0 33 229 0.0
Common guillemot 990 1856597 5.7 293 1 70 1725 1129 95 0 228614 18048 O 246662 23.7
Brinnich's guillemot (natives) 930 39600 0.1 0.6 1 70 1648 1078 97 2 1 4753 147 73 4973 0.5
Brinnich's guillemot (visitors) 440 1500000 4.6 105 0.58 0 617 97 2 1 56282 1741 870 58893 5.7
Razorhill 720 49500 0.2 0.6 1 70 1369 890 95 5 0 4811 380 0 5191 0.5
Black guillemot 400 54000 0.2 0.3 1 90 893 574 36 63 1 1299 3410 54 4764 05
Atlantic puffin 460 1002213 3.1 7.3 1 110 988 637 9% 5 0 72235 5703 O 77937 75
Little auk (visitors) 150 10000000 305 239 041 0 276 0 O 100 0 0 183783 183783 17.7
Totd 32783104 100 100 502034 93836 445327 1041197 100

14%
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4322 Consumption of food and ener gy uptake

The total biomass consumed annually by breeders (including nestlings and non-breeders) is estimated at 666 000
tonnes. Thisis the equivalent to energy consumption of 2.0 GJx 10° and corresponds to 1.4 g/m? (entire areais 477 000
km?). This estimate, however, excludes populations breeding in other oceanographic regions present through the year.
Common guillemots dominate consumption by breeders, with 23.6% of the total biomass taken during a year. Leach's
storm-petrels, Atlantic puffins and black-legged kittiwakes consume 18.2%, 7.5% and 2.3% of the total respectively
(Table 4.7).

The bioenergetics model estimates that the migrants remove about 385 000 tonnes/year of living prey from Northwest
Atlantic (Table 2.4). Little auk, greater shearwater, Brinnich’s guillemot, northern fulmar and black-legged kittiwake
take 77%, while sooty shearwater, Iceland and glaucous gull and Wilson's storm-petrel are consuming 33%. The annual
energy consumption requirement for migrantsis 0.9 GJ x 10° or 0.8 g/m?

Combining the annual consumption of breeders and migrants gives 1 043 241 tonnes of fish and invertebrates consumed
by seabirds in the Northwest Atlantic. Thisis equivalent to 2.9 GJx 10° or 2.2 g/m*

4323 Estimated prey harvest

The partitioning of consumption by prey type shows that capelin is the most important prey consumed by breeders in
NWA with 318 000 tonnes. It represents 53% of the total annual prey type harvested by seabirds. Common guillemot is
the most important predator with 247 000 tonnes or 55.8% of capelin taken annually by seabirds. Sandeel represent the
second most important type of prey fish but yields only 4.4% (26 700 tonnes) of total annual consumption. It is mainly
consumed by common guillemot and Atlantic puffin but its availability appears, as in the Gulf of St. Lawrence, to be
less than in the North Sea where sandeel congtitute the staple food of most of the seabird community (Tasker and
Furness, 1996). Mackerel and herring are consumed only by northern gannets and represent a mere 1.4% of the total
biomass consumed. Invertebrates are mostly consumed by the abundant Leach’s storm-petrel whose global distribution
is concentrated in the NWA (Montevecchi et al. 1992). More specifically, myctophids, amphipods, euphausiids as well
as decapods, copepods and isopods constitute their diet but owing to small body size and metabolic efficiency, they
account for comparatively little of the energy that flows through the avian assemblage of the NWA.

Migrants certainly have an important impact on pelagic fish species as removals by northern fulmars, greater and sooty
shearwaters, kittiwakes, Brinnich’s guillemots and little auk represent 73.7% of the total seabird removal. We know
that these species consume capelin but having few details of the proportions of prey types in information we cannot
speculate beyond this.
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Table4.7. Estimated prey consumption (tonnes) by seabirds that breed in the Northwest Atlantic.

Species Pelagic fish and squid Benthic and estuarine fish

Mackerel Herring Capelin  Sandeel Atlantic Squid Inverte- Flatfish Cunner Sculpins Salmon Daubed Others

Saury brates Shanny

Northern fulmar 133 38 19
Manx shearwater n. a.
Leach’s storm-petrel 151707.3 37926.8
Northern gannet 5804.5  2560.8 59252  170.7 17072 5122 189.3 170.7
Great cormorant 34 8.4 89.0 20.2 47.0
Double-crested 13.8 23.0 62.1 36.8 94.3
cormorant
Black-headed gull n. a.
Ring-billed gull 457.0 457.0
Herring gull 13831.2 271.2 2440.8 10526.8
Great black-backed gull 684.0 684.0
Black-legged Kittiwake 17783.3 5927.0
Caspian tern n. a.
Common tern 116.5 109.4 17.7 109.4
Arctic tern 38.9 167.2 229
Guillemot 212129.3 12333.1 12333.1 9856.5
Brunnich guillemot 14422 995 3282.2 49.7
Razorbill 32184  1713.0 259.6
Black guillemot 381.1 47.6 13339 3001.3
Atlantic puffin 62349.6 11690.6 3896.9
Total prey harvest 5804.5  2560.8 318025.6 26678.4 17072 783.4 154239.6 31.4 1511 570 189.7  16949.2 73067.8
% tonnes/year 1.0 0.4 53.0 44 0.3 0.1 25.7 0.0 0.0 0.0 0.0 2.8 12.2

1917
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4.4 Icelandic waters (ICES Area Va)

Last year's efforts include some initial calculations of prey consumption by seabirds in Icelandic waters. During future
efforts by the Working Group on Seabird Ecology, we will apply the newly developed consumption model applied to
the areas addressed in this report to Icelandic seabird populations.

45 Barents Sea (ICES Areal and eastern partsof I1a,b)

Mehlum and Gabrielsen (1995) describe the breeding populations of the major seabird species in the Barents Sea
region, together with estimates of energy expenditure and food consumption. This study expands on their estimation of
food consumption through an update of the population numbers (from Anker-Nilssen et al. in press) including the
addition of the very large Svalbard populations of fulmars and little auks and the application of more recent equations to
estimate metabolic rates. Population numbers were taken from Anker-Nilssen et al. (in press) having subtracted the
numbers of birds breeding along the coasts of northern Nordland and Troms and the White Sea. In the Barents Sea there
are few birds which breed elsewhere and visit the region such that the year-round energy consumption by seabirds is
close to an estimate based on breeding birds alone.

The estimate of total number of seabirds breeding in the Barents Sea region is about 5.4 million pairs. The commonest
are the Brunnich's guillemot and the little auk (35% and 25% by number respectively of the 17 million individuals,
Table 4.8). By biomass, the Briinnich's guillemot dominated the guild (55%), with the fulmar and kittiwake as the next
most important species (13% and 8% respectively). Their main dietsare given in Table 4.9.

The annual total prey biomass consumed by the marine birds in the entire Barents Sea is estimated at 1.0 million tonnes
(Table 4.8). The Brunnich’s guillemot is the major consumer taking 55% of the food biomass. The other major
consumers are the fulmar (15%), kittiwake (8%), little auk (8%), and puffin (6%).

Of the ca. one million tonnes of food consumed by marine birds, ca. 482 000 tonnes (48%) congtitute fatty fish and
466,000 tonnes (46 %) invertebrates. Brinnich's Guillemots account for 61% of the fatty fish and 56% of the
invertebrates consumed. Fulmars take 23% of the invertebrates, while kittiwakes and puffins take 15% and 13%
respectively of the fatty fish. The second largest invertebrate consumer is the little auk (15%).

The estimated food consumption using the present model was similar to the 1.1 million tonnes estimated by Mehlum
and Gabrielsen (1995) using a smaller number of fulmars (27 100 pairs as opposed to 500 000 pairs in this model) and
little auks (580 000 pairs/1.3 million pairs). If Mehlum and Gabrielsen's figures for fulmars and little auks are applied to
the present model, the total consumption drops to 0.83 million tonnes, and the fulmar outtake from 14% to 1% of the
total. That of the Briinnich's guillemot rises correspondingly to 67%, dightly more than Mehlum and Gabrielsen's 63%.

The present model also assumes that fulmars and kittiwakes consume only live prey, an assumption that may be
incorrect. A considerable proportion of the diet of fulmars (60—75%) and kittiwakes (50%) in the North Seais offal and
discards from the fishing fleet (Garthe et al. 1996), and it is thus reasonabl e to suppose that the large cod-fishing fleet in
the Barents Sea is also a significant food source for both these species in the region. If 50% of their diet was offal
and/or discards, the total consumption of live prey by all seabirds from the Barents Sea is reduced by ca. 75 000 tonnes
(7%).

The similarity of outtake compared to Mehlum and Gabrielsen (1995) despite the large difference in number of fulmars
used may be explained by the present model's allowance made for a ca. 34% reduction in FMR for all species outside
the breeding season. Mehlum and Gabrielsen did not take this into consideration. Similarly they used a flat rate of 5
kJ/g as a mean energy density of food, irrespective of choice of diet. Applying this figure for energy density to the
present model, however, increases the consumption by only ca. 50 000 tonnes.



Table 4.8. Estimated prey consumption by seabirdsin ICES areal and parts of Ilaand I1b, the Barents Sea.

Species Body Total population Period Breed. FMR (kJd) Diet (%) Tota consumption (tonnes)
mass % by present  season bree- or fat other inverte- fat other inverte- Sum %
g indivs. nos.  mass days ding dse fish fish brates fish fish brates

Northern fulmar 820 1650000 9.7 126  Jan-Dec 120 1024 821 0 30 70 0 41518 107638 149156 14.8
Northern gannet 3204 4950 0.0 0.1 Mar-Oct 150 4052 2712 100 O 0 865 0 0 865 0.1
Great cormorant 3250 13000 0.1 0.4 Mar-Oct 100 4094 2741 40 50 10 896 1344 299 2539 0.3
Shag 1836 15600 0.1 0.3 Mar-Oct 100 2703 1790 50 50 O 882 1058 O 1940 0.2
Great skua 1400 780 0.0 0.0 Apr-Sep 100 2219 1462 0O 10 O 0 7 0 7 0.0
Arctic skua 350 15600 0.1 0.1 May-Sep 80 810 520 40 0 0 135 0 0 135 0.0
Mew gull 380 52000 0.3 0.2 Apr-Sep 80 860 553 0 30 40 0 499 740 1239 0.1
Herring gull 1000 260000 15 24 Mar-Oct 90 1738 1138 0 60 40 0 11999 8888 20887 21
Lesser black-backed gull 800 1300 0.0 0.0 Apr-Sep 90 1478 963 0 30 O 0 22 0 22 0.0
Great black-backed gull 1680 65000 0.4 1.0 Mar-Oct 100 2534 1675 50 40 O 3103 2979 O 6081 0.6
Glaucous gull 1800 31200 0.2 0.5 Apr-Sep 100 2664 1764 0 10 10 0 326 362 689 0.1
Black-legged kittiwake 409 2210000 131 84 Mar-Oct 90 907 584 0 O 10 73130 O 10834 83964 8.3
Common tern 125 2600 0.0 0.0 May-Aug 70 383 241 0O 100 O 0 26 0 26 0.0
Arctic tern 110 130000 0.8 0.1 May-Aug 70 349 219 0 50 50 0 589 654 1243 0.1
Razorhill 711 66000 0.4 0.4 Mar-Oct 70 1356 882 100 O 0 3465 O 0 3465 0.3
Common guillemot 1028 396000 2.3 3.8 Feb-Nov 70 1773 1161 100 O 0 3334 0 0 33354 33
Brinnich's guillemot 998 5940000 351 553 Feb-Nov 70 1735 1136 60 O 40 293658 0 261029 554688 55.0
Black guillemot 410 130000 0.8 0.5 Jan-Dec 90 909 585 40 0 60 2727 0 5453 8180 0.8
Atlantic puffin 480 1650000 9.7 7.4 Mar-Oct 110 848 658 100 O 0 63757 O 0 63757 6.3
Little auk 160 4290000 253 6.4 Apr-Sep 80 459 290 10 O 90 5838 0 70053 75891 7.5
Totd 16924030 100 100 481810 60367 465952 1008128 100
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Table 4.9. The main constituents of the diet made up of fish or marine invertebrates of seabirds breeding in the Barents

and Norwegian Seas. Data from Anker-Nilssen et al. (in press) unless otherwise indicated.

Species Barents Sea Norwegian Sea Refs.
Northern fulmar  Invertebrates 70%, fish 30%

Northern gannet  Herring, capelin Herring, mackerel, saithe, sandeels

Great cormorant  Gadids 50%, sandeels and capelin 40%, Gadids (cod, saithe) 80%, 1,2

Shag

Great skua
Arctic skua
Common gull

Herring gull
LBB gull
GBB gull

Glaucous gull
Kittiwake
Common tern
Arctic tern
Razorhill
Common guill.
Brunnich's guill.

Black guillemot
Puffin

Little auk

invertebrates 10%
Gadids 50%, sandeels 50%

Fish 10%
Fish (capelin, herring, sandeels) 100%
Fish 30%, invertebrates 40%

Fish 30%, offal 30%, invertebrates 40%
Fish 30%

Fish (herring, cod, capelin, sandeels)
90%,

Fish 10%, invertebrates 10%,

Fish (capelin, polar cod) 90%

Fish 50%

Fish (capelin, sandeels, herring) 100%
Capelin 50%, herring 20%, sandeels 10%
Fish (polar cod, capelin, gadid) 60%,
invertebrates 40%

Fish (sandeels, capelin, sculpin) 20%,
invertebrates 80%

Capelin 50%, sandeels 30%, herring 10%

Invertebrates 100%

invertebrates 20%
Gadids (cod, saithe) 70%, sandeels 1
15%, invertebrates 10%

Fish 30%, invertebrates 40%, plant
material 30%

Fish (80%), euphausiids (20%)

Capelin, sandeels
Capelin, sandeels, herring, saithe
Butterfish 50%, sculpins

Herring 30%, saithe 25%, sandeels
15%, gadids 10%

(1) Barrett et al. 1990, (2) Johansen et al. 1999.

4.6 Norwegian Sea (part of |1a)

Estimates of the populations of seabirds breeding along the Norwegian coast of the Norwegian Sea south to and
including Mére and Romsdal (Figure 4.3) were taken from Anker-Nilssen (unpubl.) and the Norwegian Seabird
Registery at the Norwegian Institute for Nature Research (NINA). Their main diets are given in Table 4.9.

The number of seabirds breeding along the Norwegian coast of the Norwegian Sea was estimated to be ca. two million
pairs, or nearly seven million individuals. The breeding population is dominated by the puffin, which constitutes ca.
79% by number and 72% by total biomass of the numbers. The kittiwake is the next most common species, 9% by
number and 7% by biomass.

All the breeding seabirds in the Norwegian Sea consumed the order of 400 000 tonnes of food of which 63 000 tonnes
(16%) are fatty fish, 310 000 tonnes (79%) are lean fish and 18 000 tonnes (5%) are invertebrates. Puffins account for
ca. 240 000 tonnes (77%) of the total consumption while kittiwakes are the second largest consumers with ca. 25 000
tonnes (6%). In these calculations, we have treated the O-group herring taken by puffins as a medium quality prey with
an energy density of 4 kJ/g as opposed to 6 kJ/g for fatty fish used for all the other species (Anker-Nilssen and @yan
1995).

These estimates do not, however, include the very large but unknown number of fulmars that are spread over most of
the area throughout the year. In addition an unknown, but similarly very large, number of little auks from the Barents
Sea spend the winter in the Norwegian Sea. If figures for both these populations are set at 2 million individuals, the total
consumption by al the birds in the Norwegian sea increases by ca. 50% to ca. 600 000 tonnes (Table 4.10). Of this ca.
430 000 tonnes are fish and the remainder invertebrates. Puffins account for approximately half of this consumption,
and fulmars ca. 30%. These figures are, however, very uncertain due to the unknown numbers of fulmars and little auks
in the area. It should also be noted that the model does not include the large numbers of seabirds which breed on
Shetland or the Faeroe Idlands, many of which probably also forage in the Norwegian Sea during a large part of the
year.
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Table 4.10. Estimated prey consumption by seabirdsin part of ICES area |1, the Norwegian Sea.

Species Body Total population Period Breed. FMR (kJd) Diet (%) Tota consumption (tonnes)
mass % by present  season bree- or fat other inverte- fat other inverte- Sum %
g indivs. nos.  mass days ding dse fish fish brates fish  fish brates

Northern fulmar (natives) 810 24750 0.2 04 Jan-Dec 120 1016 814 0O 30 70 0 618 1601 2219 04
Northern fulmar (visitors) 810 2000000 186 320 Jan-Dec O 814 0 30 70 0 47557 123295 170852 28.8
European storm-petrel 24 16500 0.2 0.0 Jun-Des 130 115 70 0O O 100 0 0 91 91 0.0
Leach's storm-petrel 42 1650 0.0 0.0 Jun-Des 130 173 107 0O O 100 0 0 14 14 0.0
Northern gannet 3204 7425 0.1 0.5 Mar-Oct 150 4052 2712 100 O 0 1297 O 0 1297 0.2
Great cormorant 3250 54000 0.5 35 Jan-Dec 100 4094 2741 80 O 20 10326 0O 3442 13768 2.3
Shag 1836 45000 0.4 16 Jan-Dec 100 2703 1790 15 70 10 1056 5915 939 7910 13
Great skua 1400 90 0.0 0.0 Apr-Sep 100 2219 1462 0O 10 O 0 1 0 1 0.0
Arctic skua 350 18000 0.2 0.1 May-Sep 80 810 520 40 0 0 148 O 0 148 0.0
Common gull 380 270000 25 2.0 Mar-Sep 80 860 553 0 30 40 0 2850 4222 7073 12
Herring gull 1000 45000 0.4 0.9 Jan-Dec 90 1738 1138 0 60 40 0 3206 2375 5581 0.9
Lesser black-backed gull 800 6300 0.1 0.1 Apr-Sep 90 1478 963 0 3 O 0 102 0 102 0.0
Great black-backed gull 1680 117000 11 39 Jan-Dec 100 2534 1675 50 40 O 8570 8227 O 16797 2.8
Black-legged kittiwake 409 585000 5.4 4.7 Mar-Oct 90 907 584 0 8 20 0 19873 5520 25393 4.3
Common tern 125 10800 0.1 0.0 May-Aug 70 383 241 90 O 10 76 0 11 87 0.0
Arctic tern 110 90000 0.8 0.2 May-Aug 70 349 219 0O 100 O 0 769 0 769 0.1
Razorhill 711 49500 0.5 0.7 Feb-Oct 70 1356 882 100 O 0 2870 O 0 2870 05
Common guillemot 1028 16500 0.2 0.3 Feb-Nov 70 1773 1161 100 O 0 1385 0 0 1385 0.2
Black guillemot 390 54000 0.5 04 Jan-Dec 90 876 564 45 55 O 1195 1753 O 2948 0.5
Atlantic puffin 460 5362500 49.8 487 Mar-Oct 110 988 637 17 83 O 36376 266399 0 302775 51.1
Little auk (visitors) 160 2000000 18.6 6.3 Oct-Mar 0 290 0 30 70 0 8443 21890 30333 5.1
Total 10774015 100 100 63300 365711 163401 592412 100




4.7 Baltic Sea (I11b,c,d and southern part of I11a)

The estimates of population size used in the calculations were taken from Durinck et al. (1994), while the dietary
information is given in section 7 of this report. Due to the large numbers of waterfowl in the Baltic as opposed to the
other regions considered in this report, we included common eiders, which are truly marine birds throughout the year,
and a group collectively termed “other waterfowl”. The latter is comprised mainly of wintering congregations of
seaducks, primarily long-tailed ducks (ca. 4.3 million), common scoters (ca. 0.8 million), velvet scoters (ca. 0.9
million), goosanders (ca. 73 000) and red-breasted mergansers (ca. 44 000), as well as coots (ca. 212 000) and red- and
black-throated divers (ca. 56 000). With exception for the relatively few red-breasted mergansers, these species only
stay in marine areas of the Baltic Sea during the non-breeding season, which for our purpose is defined as 1 October -
31 March. For most species we calculated an approximate body mass from ranges given by Bezzel (1985). For the
waterfowl group we used an average of the estimates for the species included, being weighted according to the number
of birds of each species.

The population of marine birds in the Baltic Sea totals approximately 13 million individuals, of which ca. 1.7 million
pairs breed in marine areas (Table 4.11). The most numerous breeder is the black-headed gull (0.6 million pairs), but
this species constitutes only 6% of the total biomass and feeds almost exclusively in terrestrial and freshwater areas. In
contrast, the estimated 450 000 pairs of common eiders represent 12% by numbers and 23% by biomass. However, 52%
of the individuals belong to the non-breeding waterfowl group, which amounts to 55% of the bird biomass in the
consumption model. Adding the ca. 720 000 wintering common eiders, these figures rise to 57% and 65%, respectively.

The total mass of seafood consumed by marine birds in the Baltic was estimated at 762 000 tonnes, of which 615 000
tonnes (81%) were invertebrates and only 147 000 tonnes (19%) were fish (Table 4.11). The waterfowl (including the
eiders) account for as much as 673 000 tonnes (88%) of the total, taking practically al the invertebrates and 40%
(59 000 tonnes) of the fish, followed by herring gulls (4%) and great cormorants (2%).

4.8 Discussion

The food consumption estimates presented in this report are preliminary and do not cover all areas of interest for ICES,
for instance waters west of the British Isles, waters off Greenland and the Bay of Biscay. Also, the consumption model
we have applied will need future refinement of many of the parameters. In general, information on the distribution, diets
and energy budgets of seabird outside the breeding season are scarce and new data could easily alter our assessments
considerably. Nevertheless, the results illustrate the magnitude of seabird consumption, which is above one million
tonnes per year in Canadian waters and in the range of 0.6-1.0 million tonnes per year in each of the Barents,
Norwegian and Baltic Seas. Furthermore, they demonstrate some important differences and similarities between the
different areas considered.

Most striking, perhaps, is the very similar consumption estimates (1.0 million tonnes per year) for the NW Atlantic area
and the Barents Sea, despite seabird numbers in the Canadian region being estimated at twice those of the Barents Sea
(Table 4.12). The difference in numbers is largely explained by the huge numbers of small-sized seabirds, mainly
Leach’s storm-petrels and visiting little auks appearing in Canadian waters. The two regions are also amazingly similar
with respect to the balance between fish and invertebrate prey with a dightly higher consumption (almost 50% of the
total) of fatty fish species (the most important being capelin, herring and sandeels) while fish species with lower energy
content congtitutes less than 10% of the total consumption.

In the Norwegian Sea, fatty fish is seemingly less important than in Canada and the Barents Sea, but this is mainly due
to the lower energy quality of herring in their first summer than later in life. First-year herring are the staple food of
Atlantic puffins, which constitute the bulk of seabirds breeding in this region. The consumption of invertebrate prey in
the Norwegian Sea is probably significantly lower than that in the Barents Sea, but the estimate is highly susceptible to
changes in the very uncertain number of visiting fulmars that was entered into the model.

In contrast to the other areas, fish is by far the most important in the Gulf of St. Lawrence, with fatty fish comprising
twice as much of the total than other fish, while invertebrate prey is relatively insignificant. For the Baltic, however, the
situation is very different due to the large number of seaducks, and the consumption of invertebrate prey is there five
times higher than that of fish.
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Table 4.11. Estimated prey consumption by seabirdsin ICES areas |11b,c,d and part of 111a, the Baltic Sea.

Species Body Total population Period Breed. FMR (kJd) Diet (%) Total consumption (tonnes)
mass % by present  season bree- or fat other inverter fat other inverte- Sum %
g indivs. nos.  mass days ding dse fish fish brates fish  fish  brates

Northern fulmar (visitors) 810 2700 0.0 0.0 Jan-Dec O 814 0 30 70 0 64 166 231 0.0
Great cormorant 2200 216000 17 4.2 Jan-Dec 100 3083 2049 0 3 0 0 16234 0 16234 2.1
Arctic skua 350 3600 0.0 0.0 Apr-Sep 80 810 520 0 10 O 0 10 0 10 0.0
Mediterranian gull 275 180 0.0 0.0 Apr-Sep 80 680 434 0 10 O 0 0 0 0 0.0
Little gull 110 46800 0.4 0.0 May-Sep 80 349 219 0 8 0 0 39 0 39 0.0
Black-headed gull 290 2160000 165 55 Apr-Oct 80 707 452 0 3 0 0 1867 O 1867 0.2
Common gull 380 360000 2.8 12 Jan-Dec 80 860 553 0 17 O 0 3516 0 3516 05
Herring gull 1000 720000 55 6.3 Jan-Dec 90 1738 1138 0 3% 0 0 29923 0 29923 39
Lesser black-backed gull 800 108000 0.8 0.8 Apr-Sep 90 1478 963 30 60 O 1454 3490 O 4945 0.6
Great black-backed gull 1680 43200 0.3 0.6 Jan-Dec 100 2534 1675 0 60 O 0 4557 0O 4557 06
Black-legged kittiwake (natives) 350 360 0.0 0.0 Jan-Dec 90 810 520 80 O 0 13 0 0 13 0.0
Black-legged kittiwake (visitors) 350 76000 0.6 0.2 Oct-Mar O 520 0 50 50 0 964 1071 2035 0.3
Caspian tern 650 6840 0.1 0.0 Apr-Aug 80 1271 825 25 25 0 55 67 0 122 0.0
Sandwich tern 240 5400 0.0 0.0 Apr-Sep 70 616 392 50 50 O 48 58 0 106 0.0
Common tern 110 252000 19 0.2 Apr-Sep 70 349 219 40 40 O 1012 1214 O 2226 0.3
Arctic tern 120 288000 2.2 0.3 Apr-Sep 70 372 234 40 40 O 1233 1480 O 2714 04
Littletern 50 7200 0.1 0.0 May-Aug 70 197 122 0 50 &0 0 17 19 36 0.0
Razorbill (natives) 730 49500 0.4 0.3 Jan-Dec 70 1382 900 100 O 0 3837 0 0 3837 05
Razorbill (visitors) 730 136500 1.0 0.9 Oct-Mar 0 900 46 53 1 2297 3176 67 5540 0.7
Common guillemot (natives) 930 49500 04 04 Jan-Dec 70 1648 1078 100 O 0 4504 0 0 4504 06
Common guillemot (visitors) 930 66500 0.5 0.5 Oct-Mar 0 1078 46 53 1 1341 1854 39 3233 0.4
Black guillemot 380 72000 0.6 0.2 Jan-Dec 90 860 553 45 45 10 1563 1876 463 3903 05
Common eider 1630 1620000 124 232 Jan-Dec 50 2479 1638 0 O 100 0 0 298205 298205 39.1
Other waterfowl species 920 6800000 519 549 Oct-Mar 0 1069 20 0 80 59130 O 315362 374492 49.1
Tota 13090280 100 100 76579 70406 615392 762377 100
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Table 4.12. Estimated prey consumption by seabirds in different oceanographic areas.

Region Total population Total consumption (%) Total consumption (tonnes)

individuals tonnes fat other inverte- fat other inverte-  Sum

fish fish brates fish fish brates

Gulf of St Lawrence (NAFO 4RST) 1376401 1476 60.6 32.2 7.3 60511 32144 7268 99923
NW Atlantic (NAFO 2J3KLNO) 32783104 6273 48.2 9.0 42.8 502034 93836 445327 1041197
Barents Sea (ICES Areal) 16924030 10725 47.8 6.0 46.2 481810 60367 465952 1008128
Norwegian Sea (ICES Arealla) 10774015 5069 10.7 61.7 27.6 63300 365711 163401 592412
Baltic Sea (ICES Areallllb,c,d and parts of 111a) 13090280 11389 10.0 9.2 80.7 76579 70406 615392 762377

Total 74947829 34931 1184234 622465 1806699 3504038
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