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Seabird—fisheries relationships in

the northeast Atlantic and North Sea

L. Abstract

Bivenergetics modelling indicated that seabirds con-
ume 29% of pelagic fish production within a 5-kmn radias
of one Shetland colony. Assuming this s typical, itimphes
(hat seabirds, predatory fish, and industrial tisheries ave i
direct competition, Overfishing of whitefish stocks inthe
North Sea began in the 1880s and. coupled with more
recent reductions of herving (Clupea harengis) aned mackerel
(Scomber scombrus) stocks. led to an increase in populations ol
sinall food-fish, particularly sandlance (A memodvtes MArinis).
Most seabird species have increased in numbers in Scotland
since 1900, probably in response to the increased avinlabihn
of food resulting from these ecosystetn changes. Rates ol
nerease have been higher in areas where sandlance have
become most abundant, Seabirds breeding in Shetland teed
mainly on sandlance and have increased many tmes taster
than the populations of the same species on St Kilda. an
aren where fishing pressures have been much lower and
wabird diets are more varied. Large scavenging species 1
shetland, particululy Herring Gudls (Larus argentatus),
Skuas (Catharacta skua), and Northern Fulmars (F udmteanis
glacialls), are dependent on refuse from whitetish boats.
Cusrent trends to reduce volumes ot whitetish ciscarding
and increase industrial fishing for sandlance are likelvto
reduce food avaifability to seabirds. Monitoring will be
necessary to determine which aspects ot lite history are
affected by this.

2. Résumé

La technique de modéiisation biocnergetigue révele
que les oiseaux de mer consonnet! 2t G e la production
de poissons pélagiques dans un rayon de 45 km d'une
colonie de File Shetland. En supposant que ce modéle s it
typiquie, cela veut dire que les olseaux e mer, les possons
prédateurs et la péche commerciale sonten coneurreies
directe. La surexploitation dey stocks de corégone dans la
mer du Nord a commencé dans les anndes 1880 et con-

juguée aux réductions plus recentes des stocks de hareng

(Clupea (:m'enmw) ¢t de maquercau (Scomber scombrus). .\
donhé lieu 3 un accroissement des populations de petis

poissons-fourrages, en particulier celle i langon (Ammodytes

marinus). La plupart des especes d'oiscaux de mer ont v
leur nombre augmenter en Ecosse depuis 1900, probable-
ment A cause d’'une plus grande disponibilité de nourriture
résultant de ces m(xg)iﬁcations d'¢cosysteme. Les taux de
rolifération ont été plus élevées dans les régions ot e
angon est devenu plus abondant. Les oiseaux de mer qus
nichent dans I'le Shetland se nourrissent principalement de
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Jancons et se sont multiphes beancoap plis rapitleinent que
fes populatiotis de Lt meme espece visant dans I'ile Se. Kalda,
region ati fa pression de Ta peche aete beaueoup plus fisble
et o e régine aimenture does oneras de mer st plus
varié, Loes espieves de harognartds de Dile Shetlandd, en
particulier be Goeland argente (aras argentefiog. e ( sanid

t hbe (Catharacta skuo et e Fulmar bor cal 8wl eleciads)
dependentedes repets provenant des hateans. de peche au
cor¢gone. Les tendanges a taelles visaant @ reduire fes
volumes de I‘t.‘jl'h de coregone et i-nu'nqiir; L LY ht
ndustrielle au Gcon sord de naiute redunre a dispo-
nibilite de nourre pour es oneauy de med. H Badia
eXCreeT une CILALIIC S vetllan e preo deteyimnet :pu‘lh'u
Clapes ducvele biologegue s Oneoy sOontotchees pai ces

changements.

3, Introduction

i ressed competnon between pations tor Hisdy
catches in the northeast Atlantic bas led o coneers thutt top
prredaors, s b s seals arrd seabards remnose L1 ety
tes of fistiwhich veonld otherwise pros icdes ) ceonpi
profu tor tisher men. Comversel, the ine pedangly mtense
explottation o Tinhy steac ks s dead tochanges i the Tharme
ccosystetn whic b adversels atteer e seabnrd and seadd pop-
ulations we wotld sishtoconsens e, . S

I he Notth Seaand the northeast \iLantw over the
continental shelt proside one of the 1 hest vichds of hshiin
the world: Detuted data i vate hes, Dishing etfort and stk
vize and composition have Lheen collecred tor commeraad
fish species since the creation ol thie Tntes nattoni] Coune 1
for the FExploration ot the Seas 1CES in 18000 Phe long
history of its expls atation 1w owell recorded (€ rabutin Fahe,
Fards 19540, Lundbeck 18962, Hempel 107 8araned was the
subject of 4 sviposium o1 the Gruses of changesm s
stocks (Hempel 197861 1 he sirncrare and productnin ot
the North Sed marine ecos s his-alse beet nveshigated
1 considerable detal (Steele 197D, |

e Britishy 1sles, and particulars scotland, hold
large breedimg populations ot wedabirds, Changes i the sizes
of these seabird populiations iave bween documented for
any species it many colonies and provide an OpPOTTINIY
(0 exatnine correlations hetween « ey i scabind and fish
populations over:t long time period. In this papes [ «hull
hrictly review the evidence tha seabirds are a magor pred-
ator of pelagic hish and i competition with fishenies andd
predatory fish. 1 shall then outline the changes in fish stocks
around Scotland since the end of the 10th century and
present data indicating the risponses shown to these ™
changes by breeding scabird populations. | his will provide
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the framework for some tentative predictions concerning
the future influences of commercial fishery practices on
seabird populatons. |

4. Fish consumptioﬁ by seabirds

[ have discussed the use of bioenergetics modelling
in estimating the food consumption by seabirds (Furness,
this volume). Application of this approach to one of the
larpest seabird communities in the British Isles (Furness
1981) suggested that the seabirds consume 29% of the
annual pelagic fish production from the sea area within

45 km of the colony, on Foula, Shetland (Furness 1978).
Similar vadues have been obtained in a number of different
stulies (c.g. Wiens and Scott 1975, Furness and Cooper
1982). Four species on Foula, Northern Fulmar (Fulmarus
glacialis), Common Murre (Una aalge), Shag (Phatacrocorax
aristotels), and Adduntic Pullin (Fratercula arctica) ave respon-
sible for 909 of the ainual total energy requirementsot
the 18-species commiunity, so the accuracy of calculations
for these species determines the overall accuracy of the
ostimate for the community. Each of these species in
Shetland feed their chicks almost exclusively on small
pelagic tish, principally sandlance (A mmudytes mearinus).
However, diets of breeding and non-breeding seabirds may
difter from each other, and from that fed to chicks (Furness
and Hislop 1981). In particular, offal may tnake i impor-
tant contribtition to the requirements of adult, particufarly
non-breeding, Northern Fulmans so reducing their con-
suuption of pelagic fish, This s not true for the other three
species, though marie invertebrates may oceur in the diet
of noni-breeding alcids. At present there are no quantitative
dlata to indicae the importance of these two foods.

The second serious difficulty in relating population
energy requirement 1o fish pie duction stems from un-
certainties in the range over which the seabirds forage.

T ransect counts near colonies show high concentrations of
seabirds close to the colony and a low, patchy distributon a
considerable distances, but it is unclear whether these are
foraging breeders or nnmatures. However, they do indicate
dat in most situations around British colonies, Sivags feed
within a few kilometres of the colony, alcids travel a few
hundreds of metres to a fow tens of Kilometres, and
sorthern Fulmars appear to spread themselves rather
aniformly over at least 50 km from the colony, Dye-marking
Northern Fulinars feeding chicks on Foula resuited in
reports from fishermen who saw these individuals at sea.
Most were reported from within 50 kn the tew records
trom further afield could have been birds that deserted
their nest as a direct result of being caught and dye-marked,
ince 206 of the birds marked were never seen at their nests
again (Furness and Todd. in press). An index of the
maximum foraging range can be obtained from the ume
spent away from the nest between chick feeds (Pearson
1968). T hese indicate that Atlantic Puttins, Common
Murres. and Shags feed close to the colony, whereas North-
ern Fulmars depart for longer. Half the departures re-
corded at Fouta by adult Northern Fulmars wit h chicks
Listed for less than 6 h. 1€ these birds flew in a straight line at
40 knv/h they would have travelled no more than 120 km
from the colony (Furness and Todd, in press). In practice,
as feeding takes time, anci tlight is unlikely to be direct, their
ranges were smaller than this. The main Shetland seabird
communities are about 70 km apart, and placed at the
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corners of the archipelago. Birds travelling more than
35 kin may enter the feeding zone of the adjacent colony, so
‘o some extent will compensate for others travelling in the
opposite direction. The estimate that all feeding occurs over
a 45 km range from the colony seems a reasonable com-
promise given these uncertainties (see also Blake et al. 1980).
Steele (1974) indicated that, on average, 50% ot
pelagic fish production in the North Sea is taken by people,
[f the seabirds consume 29%, then 21% remains to be
shared by marine mammals, and demersal and other pred-

atory fish, indicating that the relationship between seabird

consumption, pelagic fisheries, and predatory fish is tight,
with little scope for an increase in one without a concomitant
decrease in another.,

5.  Changes in fish stocks

The introduction of steam trawling and power
winches between 1870 and 1900, together with the develop-
ment of the otter trawl towards the end of the 149th century,
greatly increased fishing power. Lundbeck (1959, 1960,
1962) showed that a severe reduction int whitetish biomass
occurred almost immediately, particularly in the southern
North Sea (Fig. 1) where stock biomass was reduced by 70%
at the turn of the century. He attributed this to overfishing
as a result of increased effort, and this interpretation is
supported by the tendency tor the stock to show temporiary
increases during the two world wars (1914-18 and 1939~
4%) when fishing effort was much reduced. "T'hus & major

M
Figure |

Catch per unit effortof a standardized German tras ler in the southern
North Sea (Lundbeck 1962) showing eftects of increased {ishing on fish
stock size: all whitefish species combined
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reduction in whitefish stock biomass took place around 189()
10 1900, just when the exploitation of seabird populations by
people was also tending to cease. The increase of many
pulations dates from about 1900, suggesting that
it could be a response to the reduced predation on *food-
fish” by whitefish, making more food available to the
seabitds. Protection of seabirds may have accelerated this
rocess, but it seems likely that the increased food availabil-
ity would have been necessary to allow most populations.
except those redticed near to extinction, to increase.
Whitefish also responded to the improved food
availability as a result of stock reduction. Haddock (Melano-
Lrammus aeglefinus) growth rate increased (Jones and Hislop
1978) as did that of whiting (Merlangius merlangus) (Daan
1975). As a result of increased growth rates both species
reached reproductive conclition at an earlier age. Cod
(Gadus morhua) showed no change in growth rate, but the
~ age of maturity did decrease so that cod reached reproduc-

7 tive age at a smaller size (Daan 1978). All these changes may
2 be ascribed to greater food availability per fish as a result of

reduced competition,
Depletion of herring (Clupea harengus) and mackerel
(Scomber scombrus) stocks in the North Sea and northeast

Atlantic had begun before 1950, but was greatly accelerated

by the introduction of purse-seining. The adult biomass ot
North Sea herring remained around 2.5 x 10" tuntil 1965
when it was depleted in i few years to one-tenth of this. At
* the same time, the growth rate increased suddenly, and
partly compensated for the reduction in stock (Burd 1978).
When herring becaune unprofitable the purse-seine fishery

- turned to mackerel, The stock of 2 % 10° t hefore 1963 was

- veduced to about one-tenth of this in only -1 years of tishing
(Hamre 1978). The fisheries for adult herring and mackerel

 before 1960 will have been directly benetictal to seabirds by

- reducing the average size of fish in the populations without

- greatly reducing stock biotnass, so that a higher proportion

‘% longer exists (Hempel 1978a).

© of the stock will have been in the size range suitable tor

= seabird consumption. After 1960 the reductions in stocks
- will not have been directly beneficial to seabirds, butas mose
* < species feed more on sandlance than on herring or nick-

- erel there was probably an indirect beneficial etfect,
| Andersen and Ursin (1977 tound that the reduction

<. in stocks of herring and mackerel is likely to have led to

increases in the populations of their ecological competitors:

e sandlance, sprats (Sprattus sprathes), and Norway pout (7ri-
o opterus esmarkii), Evidence that such inereases have taken
o place is not readily available as sandlance were ot no

‘nr_-l"' i-:

; commercial interest until recently: so stock sizes were, antd
“ still are, largely - ever, Sherman et al, (198])
“ still are, largely unknown. However, Sherman ef al. | | O

< have shown that there is good evidence for latge increase
i sandlance stocks in the northeast and northwest Atlantic,

% Catch per unit effort of Norway pout by Scattish research

vessels shows that the stock of this species has also greatly
increased since the mid 1950y from a level which had

5 previously been Fairly constant (Richards of al. 1978).

Andersen and Ursin's model also predicted that
3 whitefish stocks would increase as a result of decreased
4 predation on their larvae by herring and mackerel. Such

& increases have occurred, and are very difticult o explian
% exceptin terms of such an ecosystem interaction (Hempel

3 1978a). As a corollary of their recovery the growth rates of

1 whitefish have fallen again, which suggests that the super-

“abundance of food generated by their stock depletion no

~The reduction of herring and mackerel stocks will
have been benelicial to seabirds in allowing an increase in
their main food., sandlance, although the partal recovery
of whitefish stocks will have increased predation on adult
sanidlance. A result of these ecosystem chianges has been a
rapid growth of industrial fishing for sandlance Gind sprits
and Norway pout) since its inception in the 1950s. In the
1970 total landings of indostrial fisheries in the North Sear
exceeded landings of whitefish. averaging over 2 million
metric tonvyear (Fig. 2). Sandlance carches are continung
to increase rapidly (Fig. 3, although little is known ol the
stk size or maximuin sustainable vield for this species, so
that fishing effort is likely to continue to be-increased untl
the stock sufters fisherv-induced reductionin size and vield.
Figure 2 |
Fotal landings of industriad tisheries in the Neath Sea drom Popyp Madsen
in Hempel 11 Ray -
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Figure 3 | | o .
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The total annual landings of whitefish from the

North Sea remained around 0.5 million metric tons from
1910 to 1960, then increased to slightly over 1 million metric
tons.atter 1965, as a consequence of enhanced recruitment
which may have been a response to decreased predauon on
whitefish larvae by the depleted herring and mackerel
stocks (Hempel 1978q). Legal restrictions on the minimum
~sizes of tish that can be marketed, and fluctuations in
market demand and catch quotas, result in a proportion of
each catch being discarded, mainly dead, into the sea. This
proportion has increased with the reduction in average fish
size: now a higher proportion of the population is caught as
soon as it is recruited into the fishable stock. Up to 30% of a
whitefish catch in the North Sea may now be discarded at
sea (Jermyn and Halt 1978). Discard fish, and oftal, which s
probablv equal in weight to the amount of discards (Batley
and Hislop 1978), provide a source ot {ood for Northern
Fulmars, large gulls, Skuas (Catharacta skua), Northern
Gannets (Morus bassanus), and Black-legged Kittiwakes (Rissa
tridactyla). 'The vield ol whitetish to commeercial fisheries in
the North Sea could be increased in the long term by
Increasing minimum net-mesh size, allowing smaller fish o
escape and continue their growth until capture at a later
date. Otfal mav be used to supplement industrial fish
catches for reduction purposes, so that quantities thrown
away mayv he reduced in future. Discarding undersized fish

is also wasteful, though difticult to avoid with present
fisheries management. Increased net-mesh size, or limited

~ entry to fisheries through a licensing scheme have been
suggested as conservation measures (Gulland 1982). These,
or temporary closure of fisheries when quotas have been
met, would further reduce tood availability to seabirds.

6.  Changes in seabird population sizes

Detailed surveys of breeding seabirds in Britain and
Ireland have provided accurate information on the sizes
and rates of increase of populations of inany species. Most
seabird populations in Scotland have been increasing for the
last 80 years or so. Rates of increase have probably been
highest in the gulls, stercorarids (Skua and Parasitic Jaeger

Stercorarius pa

rasiticus), and Northern Fulmar. For many

species they have been highest in east Scotland and lowest in
west Scotland (Table 1). These population changes are
reviewed by Cramp ef al. (1974), Harris (19764, 1976b),
Harris and Galbraith (1983), Harris and Murray (1978), and
Furness (1982),

7. Regional differences in seabird diets and foraging

Seabirds can be classitied into four major foraging
guilds: zooplankton, trawler-waste, small pelagic fish, and

Table |

Rutes ol change (pevcent per annung of scabird popuadistion sizes at St
Kabcda. Shethwdd, and cast Becan. Data from Cramp efal. (1970, da Pratg
anel Jda Prato (1O8, Furness (1977, 1985, Fharris (1076, 9760, T Lares
and Colbraaehy ()O835 VEaryes anud Muyyay (1958), Hawkes and Hickling

QOSTL Mavray (TIR Doand Nelson (1978) Values guoted e average rates
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L Shetland

West coast

Foula Hermaness

‘st Kilda
Species GT48'N §35'W)

JNH!H

(60°08'N 2°05'W) (60°52'N 0°54'W) (60°08'N 1°00'W)

" Isleof May

East coast

Berwickshire

Pl T
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predation—scavenging. The sizes and composition of these

ilds vary between areas (Table 2). In particular, at St.
ﬁtillda moplankton feeding is most common, in Shetland
most species are members of the small pelagic fish-feeding
guild as sandlance is the staple diet of most seabirds in the
area, and in east Scotland (specifically around colonies off
the Fife and Lothian coast) zooplankton is of negligibie
importance during the breeding season but trawler-waste
and small pelagic fish are both important (Table 2). Quan-
titative studies of seabird diets around Britain are rather
few. | have examined the diets of Northern Fulmars,
Herring Gulls (Larus argentatus), and Skuas at St. Kilda (west
Scotland) and Foula (Shetland), and the diets of Herring
Gulls around the islands off the Fife-Lothian couast (east
Scotland). Harris and Hislop (1978) have described the diets
of young Atlantic Puffins from these same colonies.

Northern Fulmars on 8t. Kiltda feed largely on
zooplankton (Table 3) and have derived little benetit from
the small local tishing industry. In Shetland their diet
consists chiefly of sandlance caught at surtace shoals and
lesser quantities of oftal and plankton (Table 3).

Gulls are known to be catholic in their feeding.
Although subject to 2 number of potential biases (Furness
and Hislop 1981) analysis of regurgitated pellets of indiges-
tible material indicates that Herring Gulls on St. Kilda teed
largely by scavenging or predating seabird eggs and voung,
scavenging interticlally and, to a small extent by klepto-
parasitism of Atlantic Puftins and scavenging at trawlers
(Table 4). On Foula, most of their diet consists of whitetish
from trawlers, with small amounts of other items. At the
Fife~Lothian colonies the diet consists ilmost entirely ot

Table 2

Feeding guilds of seabirds in three areas of the northeast Atlantic and
Notth Sea coasts of Scothiind: St Kilda (west coast), Shetland {nmth coasey,
and Forth Iskands (cast coast), Species are classed as printsey membess o
this is their principat feeding method, secondary il iticimportanthut one
ol several methods used regubardy, and tertiars i this oa mmor sowce of
food. Species: NF = Novthern Fulinar, SP = Storm-Petrel 1P = [eachs
storm-Petrel, MS = Manx Shearwater, SH = Shag, NG = Northern Gannet
H = Herring Gatl, GG = Great Black-backed Guiltl, LG = Lessen
Black-backed Guil, BR = Black-legged Kittiwake, 8 = Skaa. P] = Parisitic
faeger, AT = Arctie Tern, GM = Commoen Murre, RZ = Razorbill,

AP = Atlantic Puflin, BG = Black Guillemaot

L Feeding level
Guild Area Primary Secondary Tertiary
Zooplankton  St. Kilda NESPLPMS B CM.RZAP
Shetland SPLPMS N
Forth Islands L NI BR :
Trawler- St Kilda HG e NESMS NGNS,
Wilste Bk
Shetland GG NES NG
Forth NE GGG, NG.BR
o [slaneds 1.0 | L ]
Smiall pelagic  St. Kilda NGSHLOM, MM BR. NESPLY
fish RZ.AP B
Shetland NENGSHLBK, SP.LPMS,
SPLATOCM, HGGO
RZAPRG
Forth Islands NGSH.CMRZ, Bl NF
Al
Predation on St, Kilda 8,066 H(:
hirdy Shethsnd AREY
mammals  Forth G HG
and | Islands
scavenging

dt s or

o shore
W"—“—-—

food from human activities; whitefish discards, Norway

lobster (Nephrops norvegicus) remains from trawlers, urban
refuse, and earthworms from ploughed tields and pastures
(Table 4). I | | A

In the Faeroe Islands the Skua feeds by piracy and
predation of seabirds. and on goose-barnacles, squid, ber-
ries, and insects (Furness 1979, Furness and Hislop 198 1).
in Shetland it feeds mainly on sandlance, taking dhscard
whitefish when sandlance are not readily available. As a
result it has a reliable and high quality food supply, giving
high breeding success (Furness and Hislop 1981). The diet
of the small number of pairs that recentlv colonized St.
Kilda is based on predation of seabirds and scavenging dead
birds. goose-barnacles, and intertidal invertebrates and con-
trasts with the dependence of the species in Shetlandon -
sandlance ind discards (Tuble 5). AT

Atlantic Putfins at the Isle of May. cast Scotland.
have a higher chick growth rate and Pledging weight than
those at St. Kilda. The chick diet at the Isle of Mav consists-
mainly of sprats. whereas that at St. Kilda vanies between
seasons, but usually includes a large component of juvenile
whitetish, which are of low calorific value (Harris anud
Hislop 1978). In Shetlaind. Adantic Putfin dietis inter--
mediate in caloritic value, comprising almost exclusively
sandlance, and chick growth rate'is also intermediate (Fur-
ness, unpubl.).

. : | . ..
Table 3 o - |

CDsers ot Notthern foadimars as padeaet by presence 10 oseatrence: of

magested items in egungiated samples fromichacks aned brecdhimg adain
collected bevween | Janeand 1Y August P08 ST arness, nnyabl
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of indigestible materiahin pellets ik nessompuahty

St. Kilda Foula _ ¥orth Inlsnds
Prey taxa No.pellets &  No.pellets % No.pellets '
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Table 5 | |
' Dict fexpressed as % occurrence) of breeding adult Skuas on 8t. Kilda,

‘Hebrides, and Foula, Shetland, based on analysis of pellets (Furness and
Hislop 1981: Furness, unpubl. data).

St. Kilda, Hebrides Foula, Shetland
1980 1981 . 1975 _ _ 197!_3 . 1980 _ _ lBBlr

'Prey taxa %(N = 82) %(N = 5h0) %(N = 560) % (N = 386) %(N = 100) - B(N= 100)
Sandlance ? 0 42 80 51 62
Whitefish ' | | 4 B4 16 4‘2: 21
Birds/nuammals b 76 3 2 4 4
Littoral and marine floaung o

Cinveriebrates® - 98 20) ] P l 3
*(roose-bartacles (Lepas sp.), horse mussels (Mytilus eduliy), and other

invertebries.,

8.  Competitive relationships between seabird species

The extent of interspecific competition between
alcids and other species teeding on small pelagic fishs
unknown. There is a clear linear dominance hierarchy in
the guild feeding on trawler waste. Northern Fulmars
displace all other species, but select offal and rarely atempt
to take entire discard fish. Skuas can displace all species
except Northern Fulmars. Northern Gannets dominate
Great Black-backed Gulis (Larus marinus). Herring Gulls
displace Lesser Black-backed Gulls (Larus fuscus) but are
subordinate to the farger Great Black-backed Gulls, Black-
leggred Kittiwakes rarely attempt to join these associations in
Shetland as they are unable to compete with any of the

bigger birds, but in east Scotland, where there are relatively

fewer Northern Fulmars and Great Black-hacked Gulls and
no Skuas, Black-legged Kittiwakes are occastonally found
feeding at trawlers. Furness and Hislop (1981) found that
Skuas in Shetdand consumed up to 57% of the whitetish
discarded by the fishing industry, depending on the
availability ot sandlance. The hierarchical arvangement
suggests that when sandlance are scarce and skuas take a
disproportionate share of the available discards the species
Jow on the list are likelv to sutfer severe {ood shortage. For
this reason the interspecific relationships may play an
important role in the responses of seabird populations to
changing fish stocks or fisheries practices. |

Q. Discussion

Seabirds have benefited from two quite distinct
effects of North Sea fisheries. Firstly the provision of
discards and oftal has inreased tood available to scavenging
species. Secondly, and of greater overall importance, eco-

system changes leading to expansion of sandlance stocks has -

increased food availability to alimost all seabirds, as this fish
is a major food for most seabirds in north and east Britain,

These changes can be summarized diagrammatically.
- Figure 4a shows the situation late in the 19th century. In

Figure 4b the eftects of reducing predatory fish and herring
are indicated. Current, and likely future trends, to conserve

whitefish and herring stocks and to increase industrial
fishing on sandlance are seen as a threat to seabird pop-
ulations (Fig. 4¢).

Fishing intensity varies regionally. Off the west coust
of Scotland whitefish catches have been rather small, and
herring and mackerel stock depletion has only recently
occurred. Comparisons of seabird diets in west, north, and
- east Scotland show that the seabirds on the east coast have
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altered their diets to take advantage of changes in tood
availability, whereas those on the west coast continue to
utilize “traditional” prey. Rates of population growth mirror
these dietary differences, On $t. Kilda, the numbers of

“Northern Gannets, Common Murres, and Northern Ful-

mars have been increasing slowly; no change has been

~ detected in recent years in numbers of Shags, Black-legge

Kittiwakes, Lesser Black-backed Gulls, Great Black-backed
Gulls, or Atlantic Puffins; and Herring Gull numbers have
declined (Table 1). In Shetland, where sandlance stocks
have increased and large quantities of whitefish discards
and offal are available (Furness and Hislop 1981), increuses
have been measured in numbers of Northern Fultars,
Northern Gannets, Skuas, Black-legged Kittiwakes, Arctic
Terns, Common Murres, and Atlantic Putfins, Herring
Gulls and Lesser Black-backed Gulls have failed to show
increases, East-coasi colonies have shown a similar pattern to
those in Shetland, except that gulls have also increased
dramatically in this area, and rates of increase of several
species have been higher than in Shetland, suggesting that
changes in fish stocks have been most pronounced in this
area, a conclusion supported by the fisheries data (Hempel
19784, 1978b).

Northern Fulmars and Northern Gannets were sub-

ject to intense harvesting at St. Kilda up to shortly before the

evacuation of the islands in 1931, yet their numbers have
increased hittle since this chick mortality stopped. In other
parts of Scotland both these species have shown rapid
population increases. There appears to be no lack of
potential but unused nesting space at St. Kilda. The failure
of the St. Kilda populations to respond to relaxed predation
is most easily explained by the populations being limited by
food availability. This hypothesis is supported by the finding
that the diet of Northern Fulmars at St. Kilda shows a
negligible influence of fishery offal or increased availability
of small pelagic fish, and so contrasts with the diets in the
areas, such as Shetland, where the species is showing
population increases, Unfortunately, little is known of
Northern Gannet diets around Scotland. Atlantic Puttin

numbers on St. Kilda are remaining approximately stable;
numbers are increasing at eight other west-coast Scottish

colonies, remaining constant at five and declining at two,

whereas numbers in Shetland are increasing at eight
colonies and stable at three. In east Britain all 10 colonies
censused are increasing, at an average of 9% per annum
(Harris 1976a; Harris and Galbraith 1983). Again, rates of
population change reflect changes in food availability in-
duced by commercial fisheries around Scotland.



Herring Gulls are uncommon and declining at
St. Kilda, numerous but not increasing at Shetland, and
numerous ;md increiisi!lg at 134 per ANTRIIN 2t @ast-COast |
Scottish colonies (Cramp #t al. 1974). Again, the rate of "
increase is highest in the area where haman influences (in
this case, not just fishing) are greatest.

Figure 4 ‘

A diagram of energy flow from zooplankton to twop predatorsin the Nosth
Gea crosystem: (@) late 19th century. () in the 1960s whern herring stocks
were depleted, (¢) probable picture for the 1980s with increased mdustrial
fishing, conservation of herring and whitefish stocks, and possitaly 2

decline in seabird popululiuns as a result. Sizes of rectangles and widthyof
fow lines are intended to be indicative ol magnitude although ondy tor

e
'_!_E'E_J_ A cmnpnris?m‘betwgetl sl_ilgen ﬂ._b. and ¢ S(‘in‘f{rngi‘ng nlnrrim assoxctated with Shilgg_lmvc shown the H&Iﬁlt‘ l'l’ﬂii'lllill'ilifll‘l"t‘m By
.5 commercial food fisheries are ignored for simplicity | Potts (1969 argued that the density of breeding Shags on
> S——— the east coust of Scotland was so hrm'lt'url} n fhis century
& ——— that it could not have been food-limited ina densits - N
SEABIRDS PREDATORY dependent manner. llqwm'rl:. the vapod InCreas of Shay -
E———— ) FISH numbers on the east coast of Seotland, contrasting with their
stable numbers on the west coast, is also compatible with the
¥ hy pothesis that numbers have responded.sn aveas where
, fishing has allowed sandlimce and sprat stocks 1o inerease
- SANDLANCE SPRATS HERRING By 1000 the Skua had been reduced s human,
[.jr POUT ‘ |){‘I'50('lllinn close to extinction: less than 20 p'.til'i- retmined
, - — in each of the two Scottish celonies and the Faeroe Islineds.
irror =y After 1900 numbers increased in response 1o protection
| ‘measures introduced in both countries tCramp et al. 107:4).
il in the Faeroes numbers stopped increasing at . populafion
of around SN0 pairs (Gibbs and Mawby T968: Bloch, pers. |
ged 200PLANKTON cormm.). Nmbers in Scotland increased at 77 per annum
e to over 6000 pairs in 1976 (Furness 1977). Many pchividuals
fve | colour-handed as chicks in Shethand have emigrated o
- found new colonies in the Hebrides and north Scotlaswd.
o — Rates of increase are highest in these newlv toymed colonies
“d8es o which depend on immigration 1o sustiin then. Skuas
| Zr'“““" Shetland are highls dependent on discard whitefish and
oHiC ~ : wtndlance, whereas the snutller populations in'the Faeroes
. ‘,’:"}%ﬂ%{{,‘é‘? ESEAHIRUE’J Pm'mmm—] feed by more “traditional” methods: Kleptoparasitinm anel
J > 2 predation. As the Skuas at St Kilda also teed by pnedution
21 to and scavengimg dead nrds, woose-harmacdes, and indertdal
imvertebrates, 1 would predict that the Sk colony en
l SANDLANCE SPRATS HERRING st. Kilch is unlikely 1o inerease toa size comparable to those
hat POUT 7 in Shethand, and that any redacnion of sandlance ar dise ard
18 availabitity to Skuas in Shetland is likely toresulian severe
ipel predation rates on other seabirds as the Skuas turn o then
— more chivacteristic feedimg methocds, -
sith- - |
e the ZOOPLANMTON 10. Conclusions
e ] - -
er I, Shethmnd scabirds prnhnhh consue about 24% of
arinuatl pelagic fish producton within a Fr-kim radius ot the
colony, implyving that thes are i competition with predatory
ure ° #:o-;rq fish and industrial fishertes, -
ation EISHERIES 2 [nercases of seabird populations Gan b uu_nhmrtl
{ by 5 — o nereased avakabihity of tood resulting from provision ol
diflg [ e oftal and discards, and fromyincreased stocks of satdlance
g PREDATORY cansed by ecosvstent changes attributable to IHTEeHNe O~
ility 3 SEABIRDS FISH mercil fishing. T |
e i 1. Increases of seabird populations have been great-
B est in areas where coosvstens changes have been most
marked. Diets vy between regions and indicate the op-
] SANDLANCE SPRATS “portunistic utilization of these increased food resaurces.
ile; 3 POUT 4. Future increases in fisheries tor sandlance are
' <4 likely to result in reduced seabird populations. |
)} f‘ 5. Reductions in the t‘|uilntilit'ﬁ of fish discarded
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