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Introduction

W.A. Montevecchi

Biopsychology Program, Departments of Psychology and Biology and Ocean Sciences Centre, Memorial University of
Newfoundland, St. John's, Newfoundland A1B 3X9

The 1992 Canadian WildIife ServicelMemorial
University of Newfoundland symposium on "Marine
Birds and Mammals in Arctic Food Webs" was the third
such venture of its kind, following joint symposia that
were held in 1986 (Montevecchi 1987),and in 1989.
Papers from these symposia provided the basis for a new
series of publications within the Canadian Wildlife
Service Occasional Papers series - "Studies of
high-Iatitude seabirds" (Gaston and Elliot 1991;
Montevecchi and Gaston 1991; Diamond et al. 1993). The
present publication is the fourth one in this series.

The symposium held in St. John's during 1992
focused on ecosystem-Ievel considerations of marine
endotherms. Most presentations took a multispecies
orientation. Specifically, papers presented here address
topics in feeding ecology, energetics, and multispecies
indication of prey conditions.

During the early 1990s, when this symposium was
held, human-induced effects on seabirds in the Northwest
Atlantic were considerable. A Canadian "fisheries
moratorium" initiated in 1992 eliminated massive
tonnages of "artificial" food sources of offal available to
scavenging seabirds. As at least a partial consequence (see
below), the levels of predation by Great Black-backed
Gulls Larus marinus and Herring Gulls L. argentatus on

,other seabirds have been extraordinary (Regehr 1995;
Russell and Montevecchi 1996; H.M. Regehr, W.A.
Montevecchi, and J.W. Chardine, unpublished data). In the
longer term, populations of Larus gulls will most probably
be negatively affected by this fishery closure (Howes and
Montevecchi 1993).

Also during this period, the Northwest Atlantic
exhibited decadally anomalous cold sea surface
temperatures (Montevecchi and Myers 1992, 1995b;
Drinkwater et al. 1994). Heavy arctie ice coyer occurred
during sorne of these springs. Cold surface water events
were associated with (1) delayed inshore migrations of
capelin Mal/otus villosus, (2) widespread reproductive
failures of Black-legged Kittiwakes Rissa tridactyla and
Larus gulls along the Newfoundland coast, (3) delayed
breeding (but good suceess) of pursuit-diving alcids, and
(4) dietary shifts among Northern Gannets Sula bassana
(Montevecchi and Myers 1992, 1995b; Casey 1994;
Neuman 1994; Regehr 1995; Rodway 1995; M.S.
Rodway, J.W. Chardine, and W.A. Monteveechi,
unpublished data). Similarly, poor production by seabirds

in Alaska has also been associated with cold-water events
and unusual iee coyer in the Chukchi Sea (Springer et al.
1984), as weIl as with warm surface water perturbations
(e.g., Baird 1990).

As in the Northwest Atlantic, many studies have
documented divergences in the reproductive success of
surface-feeding and pursuit-diving seabirds during years
of poor food availability (see Montevecchi 1993). The
papers by Monaghan et al. and Barrett in this volume
substantiate the informational value of well-integrated
multispecies studies of the feeding and reproductive
ecology of seabirds. Monaghan et al. 's investigation in the
Shetland Isles is an exemplary multidisciplinary study in
which seabird and fisheries biologists collaborated in
synoptic studies of avian feeding and breeding ecology
and prey (sand lance Ammodytes spp.) abundances, age
classes, and spatial and temporal distributions in the
colony vicinity. Despite a 40-fold increase in the density
of sand lance between 1990 and 1991, neither surface­
feeding kittiwakes nor pursuit-diving murres showed any
dietary changes, but they did exhibit increases in foraging
effort when density in this "single-prey" system was low
(see also Burger and Piatt 1990; Barrett and Krasnov
1996). Kittiwakes exhibited complete reproductive failure
in 1990, whereas murres showed much less marked
differences in success between years. The contribution by
Barrett has the distinction of documenting a situation in
which surface-feeding kittiwakes exhibited better
reproductive success than pursuit-diving Atlantic Puffins
Fratercula arctica in the Northeast Atlantic during the
1980s, when there was a common shortage of herring
Clupea harengus. The take-home message from these
studies and others like them is that comprehensive
multispecies, multidiseiplinary approaches to indication of
prey conditions are more robust and moreJnformative
than single-species efforts. For example, sorne situations
in which surface feeders and pursuit divers food on the
same prey and in which surface feeders reproduce less
weIllead to hypotheses about oceanographie influences
on the distribution of pelagie fishes - for example,
thermal barriers to the vertical and migratory movements
and hence availability of prey (Monteveechi and Myers
1995a, 1995b; Barrett and Krasnov 1996). Interspecific
comparisons suggest further that surface-feeding
piscivores are more sensitive to surface water
perturbations than are surface-feeding planktivores, a
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general pattern that is consistent with the larger c1utch
sizes of the former.

Chapdelaine and Brousseau show how Razorbills
Alea torda provisioning chicks in a "two-prey" (sand
lance and capelin) system provide different energy inputs
to offspring, depending on the proportions of these prey in
food deliveries. This study affords a good contrast with
Monaghan et aI.'s "single-prey" (sand lance) system
carried out at the Shetlands. Razorbills exhibited high
fledging success that was positively associated with
interannual variation in daily provisioning rates.

With regard to inter- and intraspecific spatial and
temporal comparisons, Hatch has contributed an important
methodological paper on the analysis and interpretation of
concordance among seabird population parameters.
Concordance among parameters, such as breeding success
among years, areas, and species, can, when carefully
applied, imply similarity of ecological factors affecting
performance. Conversely, discordant relationships suggest
that similar underlying ecological relationships may not
he involved. Attempts to rigorously analyze long-term and
large-scale data sets are often impeded by missing values,
and Hatch presents ways to maximize the utility of
available data. These techniques will aid in evaluating
information obtained from seabirds concerning changing
conditions in the marine environment - for example,
hypotheses about the differential effects of pelagie prey
distributions on surface-feeding and pursuit-diving
seabirds.

Using doubly lahelled water to study the energy
expenditures of Cornmon Murres Uria aalge during chick
rearing, Gabrielsen reported an average daily energy
expenditure of 2200 kI, which wàs 3.8 times the resting
metabolic rate (RMR). Substantial variation (fourfold
differences) among the field metabolic rates (FMRs) of
individual murres yielded FMRJRMR ratios that ranged
from 1.7 to 6.8. This variation was considered consistent
with the hypothesis that mueres exhibit flexible parental
foraging efforts at sea (FMR was weil correlated with
time at sea) in response to changing prey conditions
(Burger and Piatt 1990). As chick success remained high
across a range of foraging efforts, Gabrielsen suggested
that for murres, breeding success, provisioning rate, and
chick growth may not reflect food availability in the
colony vicinity, but that time at sea per day was a good
indicator of parental foraging effort. Gabrielsen also
estimated that Cornmon Mueres consumed prey equal to
about 43% of their body mass per day and presented water
influx rate data suggesting that parental murres digest as
much food as possible at sea before returning to the
colony to provision chicks (see also Cairns et al. 1990).

Lavigne's contribution rounds out the symposium
collection with a comprehensive synthesis of the
interactive roles of science, management, and
conservation strategies in understanding interactions
hetween commercial fisheries, marine mammals, and their
prey. Lavigne argues that besides research directing more
attention to population size, age structure, and size at age,
more scientific effort needs to be aimed at understanding
trophic interactions at the ecosystem level. Traditional
approaches to estimating fish populations as weil as
predator harvests have taken single-species approaches,
which, as indicated above, are inadequate and inferior to
multispecies approaches (Harwood 1983). Moreover, prey

harvest data need to be integrated in the spatial contexts of
the movements of large marine predators; for example, '
harp seals Phoea groenlandiea in the Northwest Atlantic
spend much, if not most, of the year outside of the range
of northern cod Gadus morhua. When capelin stocks
collapsed in the Barents Sea in the mid-1980s, harp seaIs
moved out of their range and showed up in record
numbers along the North Norwegian coast. Interestingly,
in the 1990s, harp seals have been observed in exceptional
numbers in the coastal waters of Newfoundland.

The current roles of sclentists in public education
leave much room for development, especially with regard
to realistically addressing ecological uncertainty. At
present, we cannot predict the effects of increasing or
decreasing marine mammal populations on either the
abundance of their prey or commercial fisheries harvests.
Ecological uncertainty ensures the inevitability of
scientific errors (Ludwig et al. 1993), and experience
shows c1early that such errors need to be biased in favour
of conservation rather than economic expediency. Bearing
this in mind, wildlife, fisheries, and ecosystem
management must be seen as what it really is - the
control of human harvests, pollution, and disturbance by
quotas, bag limits, habitat protection, licensing programs,
etc., to ensure long-term sustainable harvests and
preservation - and as what it is not - the regulation of
animal populations. There is no scientific evidence that
the culling of large marine predators has ever benefited a
commercial fishery, and even the commercial extinction
of northern cod in eastern Canada does not seem to have
led to an increase in capelin, a primary prey of the cod.
So, in addition to focusing on scientific knowledge,
comprehensive programs of conservation biology need to
critically examine management policies and the economic
orientations that drive them; Until ecological concerns
override short-term economic scenarios, we will continue
to disrupt ecosystem integrity. The issues raised by
Lavigne are especially timely, as much of the current
debate about harp seal exploitation in the Northwest
Atlantic focuses on their "presumed," yet unsupported,
impacts on northern cod stocks. In view of past
performance, il is clear that we have more to gain by
acting on our ignorance and invoking cautious
environmental interactions than by acting on our Iimiled
knowledge and overexploiting and disrupting renewable
natural resources.

Literature cited

Baird, P.R. 1990. Influence of abiotic factors and prey
distributions on diet and reproductive success in three seabird
species in Alaska. Omis Scand. 21 :224-235.

Barrett, R.T.; Krasnov, J.V.1996. Recent responses to changes
in stocks of prey species by seabirds breeding in the southem
Barents Sea. Int. Coune. Explor. Sea (ICES) J. Mar. Sei. (in
press).

Burger, A.E.; Piatt, J.F. 1990. Flexible time budgets in
breeding'Common Murres: buffers against variable prey
abundance. Stud. Avian Biol. 14:71-83.

Cairns, O.K.; Montevecchi, W.A.; Birt·Friesen, V.L.; Macko,
S.A. 1990. Energy expenditures, activity budgets. and prey
harvest of breeding Common Murres. Stud. Aviao Biol.
14:84-92.



CltIey, J.M. 1994. Reproductive success of Black-legged '
Kittiwakes. Ri8sa tridactyla, on Funk Island, Baccalieu Island
and Cape St. Mary's, Newfoundland. B.Sc. Honours Thesis
(Biopsychology), Memorial University of Newfoundland, St.
John's, Newfoundland.

Dlamond, A.W.; Gaston, A.J.; Brown, R.G.B.; Montevecchi,
W.A. (ed.). 1993. Studies of high-Iatitude seabirds. 3. A
model of the energy demands of the seabirds of eastern and
Arctic Canada. Cano Wildl. SerY. Occas. Pap. No. 77. 39 pp.

Drinkwater, K.F.; Petrie, B.; Nat.yanan, S.I994. Overview
of environmental conditions in the Northwest Atlantic in
1991. NAFO Sei. Counc. Stud. 20:19-46.

Gaston, A.J.; Elliot, R.D. (eds.). 1991. Studies of high-Iatitude
seabirds. 2. Conservation biology of Thick-billed Murres in
the Northwest Atlantic. Cano Wildl. SerY. Occas. Pap. No. 69.
63 pp.

Harwood, J. 1983. Interactions between marine mammals and
fisheries. Adv. Appl. Biol. 8: 189-214.

How.. L.-A.; Montevecc:bi, W.A. 1993. Population trends of
gulls and tems in Gros Morne National Park, Newfoundland.
Cano J. Zool. 71:1516-1520.

Ludwig, D.; Hilbom, R.; Walters, C. 1993. Uncertainty,
resource exploitation and conservation: lessons from history.
Science 260:17, 36.

Monteveccbi, W.A. 1987. The Newfoundland Institute for Cold
Ocean Science Seabird Workshop. Pac. Seabird Group Bull.
13:97.

Mooteveccbi, W.A. 1993. Birds as indicators of change in
marine prey stocks. Pages 217-266 in R.W. Furness and J.D.
Greenwood (eds.), Birds as monitors of environmental
change. Chapman and Hall, London.

Montevecebi, W.A.; Gaston, A.J. (eds.). 1991. Studies of
high-latitude seabirds. 1. Behavioural, energetic, and
oceanographie aspects of seabird feeding ecology. Cano
WildI. SerY. Occas. Pap. No. 68. 56 pp.

Montevecehl, W.A.; Myers, R.A. 1992. Monitoring fluctuations
in pelagie fish availability with seabirds. Cano Atl. Fish. Sei.
Advis. Comm. (CAFSAC) Res. Doc. 92194. 20 pp.

Monteveccbl, W.A.; Myers, R.A.1995a. Prey harvests of
seabirds refleet pelagie fish and squid abundance on multiple
spatial and temporal seales. Mar. Ecol. Prog. Ser. 117:1-9.

Mootevecchl, W.A.; Myers, R.A.I995b. Dietary changes of
seabirds indieate shifts in pelagie food webs. Sarsia
80:313-322.

Neuman, J. 1994. Aspects of the behaviour and ecology of
Black.legged Kittiwakes, Rissa trido.ctyla, breeding at two
sites in Newfoundland, 1990-1991. M.Sc. Thesis
(Biopsychology), Memorial University of Newfoundland, St.
John's, Newfoundland. 204 pp. '

Rexehr, H.M. 1995. Breeding performance of Black·legged
Kittiwakes on Great Island, Newfoundland, during periods of
reduced food availability. M.Sc. Thesis (Biology), Memorial
University of Newfoundland, St. John's, Newfoundland.

Roclway, M.R. 1995. Intra-colony variation in breeding success
of Atlantic Puffins: an application of habitat selection theory.
M.Sc. Thesis (Biology), Memorial University of
Newfoundland, St. John's, Newfoundland.

Russell, J.; Montevecchl, W.A. 19%. Predation on adult
Puffins (Fratercu/a arctica) by Great Black-backed GuUs
(LanlS marinus) at a Newfoundland colony. Ibis: in press.

Springer, A.M.; Roseneau, D.G.; Murphy, E.C.; Springer,
M.I.1984. Environmental controls of marine food webs:
food habits of seabirds in the eastem Chukchi Sea. Cano l
Fish. Aquat. Sei. 41:1202-1215.

9



The inOuence of changes in food
abundance on diving and
surface-feeding seabirds

P. Monaghan,! P.J. Wright,2 M.C. Bailey,2 J.O. Uttley,! P.
Walton,' and M.D. Burns!

! Departmenl ofZboIogy, University ofGlasgow, Glasgow G12 8QQ Seotland, U.K.
2 Scottish Office Agriculture and Fisheries Department. Marine Laboratory, Victoria Road, Aberdeen AB9 8DB. Seotland, u.K.

10

Ahstract

Breeding parameters of Black-legged Kittiwakes
Rissa tridaetyla and Common Murees Uria aalge breeding
in Shetland in 1990 and 1991 were examined in
conjunction with studies on the distribution, abundance,
and age composition of sand lance (Ammodytes spp.),
their main prey in the area. There was a 40-fold difference
in sand lance density between years, and the distribution
and age composition of the fish also differed markedly.
Although the diet composition of the birds did not differ
between years, differences were found in the breeding
success, colony attendance, foraging trip durations, and
overall activity budgets. These findings are discussed in
relation to the differing foraging strategies of the two
seabird species and the use of seabirds as indicators of
changes in marine fish populations.

Résumé

On a examiné les paramètres de reproduction des
populations reproductrices de Mouettes tridactyles Rissa
tridaetyla et de Mannettes de Troil Uria aalge du
Shetland pour 1990 et 1991, ainsi que les résultats
d'autres études portant sur la distribution, l'abondance et
la composition par âge du lançon (Ammodytes sp.),
principale proie de ces espèces dans la région. On a
détenniné que la densité de la population de lançons
s'était multipliée par 40, et la distribution de même que la
composition par âge affichaient également des variations
marquées. Bien que l'alimentation de ces oiseaux n'ait pas
varié, on a observé certaines variations dans le taux de
reproduction, l'importance des colonies, la durée des
migrations entrainées par la quête de nourriture et les
bilans d'activité globaux. Ces résultats sont traités à la
lumière des différentes stratégies de recherche de
nourriture adoptées par les deux espèces et du fait que les
oiseaux marins constituent des indicateurs des variations
dans les populations de poissons marins.

1. Introduction

Many aspects of seabird biology may be influenced
differentially by changes in the availability of their marine
food, and we therefore need to understand the nature and

pattern of such responses if seabirds are to be successfully
used as indicators of changes in the marine environment.
Cairns (1987, 1992) put forward putative relationships
between food supply and a number of seabird parameters
- in particular, adult survivorship, breeding success,
chick growth, colony attendance, and adult activity
budgets - and suggested the range of food availabilities
over which these parameters are likely to be sensitive.
This has provided a useful theoretical framework that can
be used to examine responses within and among species.
The latter aspect is particularly important in using
seabirds as bioindicators, as, owing to differential
flexibility in their time and energy budgets, some seabird
species may be capable of behavioural changes that
effectively buffer certain aspects of their breeding biology
against at least moderate changes in food supply (e.g.,
Furness and Ainley 1984; Burger and Piatt 1990). Such
differences in sensitivity both between species and
between measurable parameters need to be taken into
account.

A number of additional factors also need to be
considered in assessing the usefulness of seabirds as
indicators of changes in marine fish populations. In many
situations, a variety of potential prey species may occur.
In the absence of good data on the hierarchy of prey
preferences, dietary shifts cannot be used to deduce which
component of the prey spectrum has altered in availability.
Furthermore, independent data on food abundance are
rarely available. The fish taken by seabirds are often not
the basis of a commercial fishery, and thus fisheries­
derived estimates of prey populations do not exist. Even
where such estimates are available, the location and scale
over which they have been calculated are rarely
appropriate. Specific studies of seabird prey in the vicinity
of study colonies, in conjunction with good data on the
foraging ranges of seabird species, are required. Such
studies are expensive and time consuming and are usually
outside the scope of most seabird research.

Seabirds breeding in the Shetland Isles are largely
dependent on a single prey species, the lesser sand lance
Ammodytes marinus (e.g., Martin 1989; Monaghan et al.
1989a, 1989b; Hamer et al. 1991). For most seabird
species, no other suitably sized, energy-rich prey occur in
the area (Kunzlik 1989). During the 1980s, Shetland
seabirds experienced dramatic reductions in breeding
success. This was coincident with a decline in sand lance
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stocks (Bailey et al. 1991). A fishery for sand lance had
occurred around Shetland since 1974, and considerable
controversy arose over whether.and to what extent the
seabird breeding failures resulted from overfishing of the
sand lance stock (Monaghan 1992). This has 100 to the
undertaldng of detailed studies of both the fish and the
bird populations. Considerable changes accurred in sand
lance abundance between 1990 and 1991. This effectively
acted as a natural experiment, giving us the opportunity to
compare the response of diving and surface-feeding
seabirds with known changes in prey abundance in a
relatively simple, single-prey situation. Here we present
data on the changes in the fish population between the two
years and compare the response of the surface-feeding
Black-legged Kittiwake Rissa tridactyla with that of the
pursuit-diving Common Murre Uria aalge.

2. Methods

The study was conducted at Sumburgh Head, South
Mainland of Shetland (59°51.2'N, 1°16.4'W; Fig. 1). Data
were collectOO on both fish and bird populations in May­
August 1990 and 1991.

2.1 Assessment of fish abundance and distribution

The distribution of sand lance and other seabird
prey within 40 km of Sumburgh Head was investigated
via dOOicated ship cruises from 18 June to 26 July 1990,
from 8 to 21 May 1991, and from 25 June to 13 July 1991.
Sampling thus took place during the main seabird chick­
rearing periods in each year and additionally during the
incubation period in 1991. A 21-m fishing vessel was used
for surveys that ran from Sumburgh to Fair Isle (see
Fig. 1). Fish distribution and density were investigated
from echosounder and echointegration surveys. An
echotrace arealechointegral relationship for sand lance
was usOO to estimate relative abundance on a linear 0--1
scale as follows. Corresponding measurements of
combined shoal area and echointegrals for 15-minute
integration runs were compared. Shoal area was estimated
from the vertical height and length of echotraces, and then
corrections for beam width and position in the water
column were applied (see Forbes and Nakken 1972). Data
used were derived from one survey during a period when
O-group sand lance, 8-11 cm in length, dominated catches
(25 June - 1 July 1991). Shoal area and echointegration
values were significantly correlated (r2 =0.74, P < 0.001;
Fig. 2), and this relationship was used to derive estimates
of sand lance density from echotrace area per Kilometre
travelled.

For the purpose of analysis, survey areas were
divided into 9 x 4.5 km blacks to examine large-scale
distribution and 2 x 2 km blocks to examine distribution
within 5 km of the coast. Cruise tracks passed through the
centre of each black, and a mean density of fish per
Kilometre travelled was estimated as outlined above.
Surveys lastOO between five and eight hours and were
timed to coincide with the peak in sand lance activity in
the water column (06:00-14:00).

Bottom trawling was also used to derive catch per
unit effort (CPUE) data at Voe, a known sand lance
ground close «5 km) to Sumburgh (Fig. 1). Fish were

also sampled in mid- and surface waters using a pelagie
trawl (PT 154) and in the sediment using a modified
scallop dredge (1991 only). Length composition of the
sample was recorded at sea, and otoliths were collected
for later age analysis.

2.2 Seabird parameters

Data on diet, breedfng success, activity budgets,
and colony attendance were collected from both seabird
species at study plots at Sumburgh Head (Fig. 1). The
kittiwake data were collected from a study plot of 47
breeding pairs in 1990 and 52 in 1991; for murres, a
sample of 133 pairs in the study colony was observed in
1990, and 117 in 1991. Activity budget and colony
attendance data were obtained from dawn to dusk hide
watches on subsamples of nests (03:00-23:00). Kittiwakes
were observed on seven days during incubation and seven
days during chick rearing in 1990 and on five and nine
days in 1991, respectively; for murres, the corresponding
figures were five and five days in 1990 and 12 and five
days in 1991. Dietary data were collected by observation
of prey carried to chicks in the bill by murres and from
examination of regurgitates of adult kittiwakes caught at
the nest. Foraging lacations were obtained by radio-
tracking; three murres were tracked during 21 foraging
trips in 1990 and six during 31 trips in 1991, and 13
kittiwakes were tracked during 43 trips in 1990 and nine
during 117 trips in 1991. Triangulations were obtained by
the combined use of two tracking stations. Full details of
methodologies for kittiwakes can be found in Hamer et al.
(1993) and Wanless et al. (1992), and for murres in Uttley
et al. (1994) and Monaghan et al. (1994). Where data are
normally distributed, means ± 1 s.e. are given; medians
and interquartile ranges are given for nonnormal
distributions.

3. Results

3.1 Sand lance population changes

3.1.1 Abundance and distribution
The acoustic surveys showed that sand lance were

much more abundant and had a far wider distribution in
1991 than in 1990 (Fig. 1). In 1990, between Sumburgh
and Fair Isle, sand lance were found only within 5 km of
the coast around Sumburgh (Fig. la), the highest densities
occurring within 2 km (Fig. lb), in depths of <50 m.
Abundance in this area was, however, relatively low. A
larger concentration of sand lance was found just south of
Fair Isle (Fig. la), a distance of around 40 km from the
seabird study colonies. In contrast, in 1991. sand lance
were both more abundant and much more widespread.
High concentrations of sand lance were found between
Sumburgh Head and Fair Isle (depths 80--100 m), as weil
as inshore around Sumburgh (Figs. la and lb). The
acoustic surveys clearly demonstrated a marked difference
in sand lance abundance during the early chick-rearing
period (late June and July) in the inshore Sumburgh area
between the two years (area sampled 59°50'-59°52'N,
0l015'-0l020'W; 1990 mean =0.002 ±0.001 unitslkm, n
=5 surveys; 1991 mean =0.005 ± 0.0012 unitslkm, n =7
surveys). In addition, mean CPUE for bottom trawl
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Fiaure 1
(a) The distribution and relative abundance of sand lance within the foraging area used by the
seabirds. These data are based on three echosounder surveys carried out in each year between 25 June
and 1 July. the early chick-rearing period. Abundance is shown on a grid basis. each grid square being
9.26 x 4.63 km. Squares with open circles are areas sampled but where no sand lance were found
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catches tended to be markedly greater in 1991 than in
1990 at the sand lance ground sampled (Table 1).

Overall, the acoustic surveys give relative
estimates of sand lance density per kilometre travelled for
the Sumburgh - Fair Isle region shown in Figure la as
0.004 61 ±0.003 84 unitslkm for 199() and 0.215 ± 0.054
unitslkm for 1991.

3.1.2 Age composition
There was a particularly striking difference in the

age composition of catches at the Voe ground between the
two years. In 1990. ail sand lance present there during the
seabird chick-rearing period in Jate June and July were
one or two years old (> 1+); in contrast, in 1991, O-group
sand lance dominated catches at Voe (Table 1) and at other
grounds in south Shetland that were also sampled at this
time. In addition, pelagie trawl catches from offshore
stations (>10 km from Sumburgh) in 1991 consisted
solely of O-group sand lance. Although the> 1+ fish were
relatively abundant at Voe in May 1991, numbers had
declined by late June, presumably because of movement
of fish of this age group into the sediment or offshore
(Table 1). Dredge sampling in 1991 indicated that whereas
trends in dredge CPUE were similar to those in trawl
CPUE. the relative proportion of >1+ sand lance occurring
in the sediment increased by mid-July (Wright and Bailey

1993). In contrast to 1991, >1+ fish were abundant in late
June 1990, although they had almost disappeared by July.
This indicates a difference in the timing of withdrawal of
this age c1ass from the water column in the two years.
Furthermore; in early to mid-July, this age c1ass was also
considerably more abundant in 1991 than in 1990 '
(Table 1).

The length frequencies of O-group fish showed that
two subcohorts of O-group sand lance were present around
south Shetland at the beginning of the chick-rearing
period (22 June - 1 July) in 1991 (Fig. 3). The median
length of the older and more numerous subcohort was
significantly larger than that of O-group sand lance caught
at the same time of year in 1990 (total length, 1990
median =70 mm, range 65-85 mm, n =100; 1991 median
=95 mm, range 55-120 mm, n = 100; Mann-Whitneyl
Wilcoxon's test, W = 15022.0, P < 0.0001).

3.1.3 Size and position ofshoals
Information on the position and size of shoals in

the water column obtained from acoustic surveys
indicated that dense sand lance shoals rarely extended to
within 10 m of the surface in any area (median shoal size
=0.001, range 0.001-0.05 relative acoustic units). Shoals
extending into the top 10 m comprised 17% of aIl shoals
!ecorded in south Shetland in 1990 and 7.5% in 1991.
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(b) Details of sand lance distribution and relative abundance in the area close to Sumburgb Head, as
measured by transects on 26 June in each year. Grid here is 2-km squares. The location of the study
colonies al Sumburgh Head is shown, as is the sand lance ground sampled at Voe. Depth contours (m)
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Owing to their size, however, the component of shoals in
the top 10 m formed only about 7% and 3%, respecdvely,
of the total sand lance biomass in 1990 and 1991. Given
the difference in the abundance of fisb between the two
years, it is clear that very few fish occurred near the
surface in 1990. In both years, over 80% of detected
shoals occurred in mid-water between 04:30 and 12:00.

.3.2 Responses of seabirds

3.2.1 Diet composition
Only limited data were collected on kittiwake diets

in 1990, as few of the handled birds regurgitated food.
However, ail of the seven regurgitates in 1990 and aIl of
the 27 collected in 1991 consisted of smaH sand lance,
indicating that, in both years, the bulk of the kittiwake diet
was O-group sand lance. Similarly, for mUITes, about 80%
of the prey brought to chicks in both years were sand
lance; these fish were up to 16 cm in length, suggesting
that they were a mixture of O-group and older age classes.

3.2.2 Breeding success
Timing of breeding for the kittiwake did not differ

between years, although average laying date for the murre
was four days earlier in 1991 than in 1990 (P < 0.001;
Uttley et al. 1994). Table 2 gives details of the breeding
success of both species in the two years. In kittiwakes,
there was no significant difference in clutch size or
hatching success, but the proportion of young fledging
was radically different in the two years, with total
breeding failure occurring in 1990. The difference in
breeding success was much less marked in mUITeS; there
was again no difference in hatching success, but, whereas
22% of hatched young failed to fledge in .1990, aIl but 2%
fledged in 1991. However, there was no significant
difference between years in the average number of young
fledged per pair.

3.2.3 Colonyaltendance
The eggs of both species were incubated more or

less continuously in both years. In both species, at least
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Taltlel
Catch per unit effon (CPUE) of sand lance at the Voe ground, near Sumburgh Head (see Fig. 1)

CPUE"

1990 1991

25 June 2 July 21 July 21 May 28 June 7 July 13 July

().group 0 0 0 0 116868 371270 325 448
>1+ 203395 185 207 172 147 22901 17185 17506

fi Average of two 3()..minute trawls.
~,

Taltle2
The average breedins success of kittiwakes and murres in 1990 and 1991, based on birds producing eggs

Clutch % % Mean chicks
Year n size hatching fledging fledgedlpair

Xittiwake 1990 47 1;60 81.3 0 0
1991 52 1.45 79.7 84.6 0.98

Murre 1990 133 76.0 78.0 0.59
1991 117 72.0 98.0 0.70

l
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one adult generally attends the young at the nest site for
around three weeks after hatching - in murres, until,the
young leave the breeding site. In the kittiwake, older 1

young are occasionally left unattended at the nest site,
especially in larger broods (see Galbraith 1983; Coulson
and Johnson 1993). At Sumburgh, young murres were
continuously attended by at least one parent in both years.
One kittiwake parent attended the young throughout the
chick-rearing period in 1991, but in 1990 young were
periodically left unattended by the second week aCter
hatehing (Fig. 4). A further measure of adult attendance at
the colony is given by the amount of time pairs spend
together at the breeding site when changeovers of the
adults occur. In kittiwakes, this was very brief, generally
leu than one minute in both years. In murres, parental
overlap differed considerably between years, being on
average around five times longer in 1991 than in 1990
(Fig. 5).

3.2.4 Activity budgets
The average durations of foraging trips made by

each species during incubation and chick rearing are
shown in Figures 6a and 6b. For both species, there was a
significant difference between years for both periods, with
trips being longer in 1990 than in 1991. In kittiwakes,
foraging trips were around three times longer in both
periods; for the murre. incubation trips averaged 20%
longer in 1990, but chick-rearing trips more than twice as
~~ .

The radio-tracking data demonstrated that both
species foraged farther from the colony in 1990 than in
1991. This was most marked in the kittiwake, which, in
1990, generally foraged more than 40 km from the colony
and out of range of the receiving equipment. In 1991,
virtually ail tracked trips were within 5 km of the colony.
The directions and locations of these foraging trips are
shown in Figures 7a and 7b. Although the murres foraged
relatively close inshore in both years, the average distance
travelled from the colony was around 7 km in 1990 and
only 1 km in 1991. Foraging locations are shown in
Figure 8, and the average overall proportion of lime spent
per day at sea and at the colony by the two species in 1990

and 1991 is shown in Figure 9, based on data collected at
the colonies. Both species devoted less time to foraging in
1991 than in 1990; the difference was most marked in the
murres, which spent around half of their time at the
colony in 1990, but around two-thirds in 1991. In neither
year was over 50% of time spent foraging, the chicks
always being attended by at least one parent. In
kittiwakes, over 60% of time was devoted to foraging in
1990, effectively meaning that chicks were left unattended
for part of the time.

4. Discussion

In terms of examining the response of seabirds to
changes in prey abundance, the situation in Shetland is
relatively simple, in that it is effectively a single-prey
situation. Changes in the abundance of sand lance
therefore represent changes in seabird food abundance.
Clearly, the distribution of sand lance both horizontally
and vertically will influence availability, but, unless
dramatic density-dependent changes occur in the
behaviour of the 6sh, availability is likely to covary with
abundance.

Survey results showed marked changes in the
abundance, distribution, size, and age composition of sand
lance in the vicinity of Sumburgh Head between 1990 and
1991. The density of sand lance within 40 km of the
seabird colonies was more than 40 times greater in 1991
than in 1990. Very few O-group sand lance were present in
the area in 1990, whereas these were abundant and
widespread both close inshore and within the area south of
Sumburgh (as shown in Fig. la) in 1991. This picture is
consistent with Scottish Office Agriculture and Fisheries
Department surveys for the Shetland area as a whole
carried out in August each year (SOAFD, unpubI. data);
these estimate the recruitment of O-group sand lance in
1991 as the highest since such surveys began in 1984,
whereas 1990 was one of the lowest during this period.
Furthermore, the bulk of the O-group fish were larger in
1991 than in 1990, indicating a difference in prey quality
as weIl as in abundance and distribution.


























































































































