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Introduction
Seabirds are integral components of marine ecosystems and,
besides being the subject o f general scientific interest, are excellent
indicators of changes in the marine environment (Furness and
Monaghan, 1987; Furness and Camphuysen, 1997). For example,
seabird data give early indications of fluctuations in fish stocks
and oceanographic conditions (Montevecchi, 1993; Frederiksen
etal, 2004), and monitoring programmes for seabirds have been
implemented in many parts of the world to investigate these
relationships. In its broad sense, monitoring can be defined as
“the process of gathering information about system state variables
at different points in time for the purpose ofassessing system states
and drawing inferences about change in state over time” (Yoccoz
et al, 2001). The systems of interest here are typically seabird
populations, and the state variables include breeding population
size, reproductive success, adult survival, and seabird diets, but
can also include broader foodweb and ecosystem extrapolations.
Many methods are used to study seabird diet. Some are based
on opportunism whereby samples are collected ad hoc, e.g. from
watching food uptake directly or by collecting dropped fish, regur-
gitated food, or faeces. Others take a more systematic approach
through regular collections or sightings made within a specified
time. Techniques vary greatly and range from the direct killing
of birds to inspect their stomach contents through to totally non-
invasive and repeatable observations of fish-carrying birds.
Indirect methods include observations of feeding flocks, analyses
of faeces or regurgitated food remains, or tissue collection for

stable isotope or fatty-acid analyses. All methods have, however,
biases of one kind or other (Duffy and Jackson, 1986; Rodway
and Montevecchi, 1996; Carss et al, 1997; Gonzalez-Solis et al,
1997; Andersen et al, 2004), and almost all methods and studies
refer to the short breeding season when birds are readily accessible
on or near land. When seabirds are not breeding and are dispersed
along the coasts and over the open seas, there is no completely sat-
their diets.
Consequently, far too little is known about what and how much

isfactory non-destructive method for sampling
seabirds eat when they are at sea, or how the diets of immature
birds and non-breeding birds compare with those of breeding
adults or chicks.

The variable approaches to diet sampling and the different
formats of data presentation often make it difficult to assess
shifts in diets over time or spatial patterns in the exploitation of
particular prey. Consistency is required to allow comparisons of
the size and energetic content of prey items to be made, and a
detailed reporting of techniques (methods) used to calculate, for
example, prey body size and weight from prey fragments is very
important. There is also a need to be as clear and informative as
possible with respect to taxonomy, a subject that is constantly
being revised and refined.

This review of diet sampling methods and our recommen-
dations on how to report results in a standard manner are an out-
growth of work conducted by the ICES W orking Group on Seabird
Ecology meetings in 2006 and 2007. We describe the methods used
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to sample seabird diets and trophic relationships, and provide rec-
ommendations for standardizing and enhancing tire comparability

of data collections and reporting.

Dietary sampling methods

Stomach sampling/regurgitations

To assess the diets ofseabirds directly, it is necessary to obtain or
extract items from the digestive tract where they may be found in
the oesophagus, crop, proventriculus, gizzard, or small intestine.
Generally, the only items retained in the gizzard are hard parts
such as bones, shells, exoskeletons, polychaete jaws, and squid
beaks. Everything from the proventriculus to the oral cavity can
often be sampled by lavage (see below) without harming the
bird, whereas sampling the gizzard or intestine is only possible
from dead, dissected specimens. Once the food samples are
obtained, they can be sorted and identified, and measurements,
e.g. weight, linear dimensions, volume, taken. Size of digested
prey can often be estimated from measurements of undigested
hard parts such as otoliths, bullae, bones, shells, and polychaete
or squid beaks, but the accuracy depends greatly on the amount
of digestion and wear ofthese items (see section on Pellets below).

Dead birds

Shooting birds at sea is one way of obtaining dietary data.
Shooting has, however, the obvious limitation of killing the
birds, which raises ethical issues, especially in relation to species
of conservation concern. Moreover, a substantial fraction (often
30% or more of birds shot at sea) do not contain any food
items other than bony fragments in the gizzard (RRV and
G. L. Hunt, unpublished data from South Georgia and the
Bering Sea). Therefore substantial numbers need to be shot to
obtain an adequate sample. For these reasons, shooting is becom-
ing increasingly unacceptable as a sampling tool. In addition,
because many seabirds feed socially, shooting a sample of birds
at a single location may give a misleading indication of diet that
may vary between aggregations. Consequently, shooting as a
sampling tool can rarely achieve a representative picture of the
spatial and temporal variation in diet. However, birds shot for
other reasons, e.g. for pollutant analyses, harvesting (such as the
Newfoundland murre, Uria spp., hunt), or shot as pests (although
those killed at, for instance, aquaculture sites may provide very
biased data), have been used for diet studies (e.g. Rowe et al,
2000). Other sources of dead birds are oil spills, bycatches in
fishing gear, and beached carcasses of oiled or wrecked birds
(e.g. Blake, 1983; Lorentsen and Anker-Nilssen, 1999; Ouwehand
etal, 2004), although birds from the last group have very often
starved to death and yield few or biased data. Dead birds often
arrive on beaches in a trickle, e.g. as a result of chronic oil pol-
lution, or may hit a coastline en masse after an oiling incident,
or a wreck following extended extreme weather (e.g. Stenhouse
1996).
seized for diet studies whenever possible, because they often

and Montevecchi, Such large-scale events should be
provide large samples across a range of species from the same
time and location (Ouwehand et al, 2004). In some oil spills,
specimens may be sequestered for litigation purposes (Carter
et al, 2003), and, unless sufficient excess material is available,
they become impossible to access for years after the incident.
Efforts should, however, be made to ensure that they can be
used after litigation, because they are often then discarded.

Once the birds are retrieved, the stomach or entire digestive

track should be removed as soon as possible, and preferably
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frozen. Preservation in ethanol is a poor option because it leads
to tissue discolouration, which can be problematic in identifi-
cation of some small prey. The use of formaldehyde, even when
buffered, is strongly discouraged owing to health concerns and
because otoliths quickly dissolve in it. During the subsequent
analysis, allowance must be made for the differential digestion of
food items in different portions of the digestive track. Items in
the crop can be near intact, but the further an item progresses
through the system, the more it is digested and consequently the
more difficult it may be to identify and measure accurately.
Items in the gizzard may be retained for a considerable time; some-
times until they are forcibly regurgitated as a pellet (see below).
Squid beaks or polychaete jaws, for example, may be retained for
a month or longer (Jackson and Ryan, 1986; van Heezik and
Seddon, 1989; Piitz, 1995), so such retention needs to be taken
into account when estimating dietary composition based on dis-
sected dead birds and/or regurgitated samples. As the soft parts
of squids or polychaetes are digested quickly, the beaks or jaws
in the gizzard are often the only evidence of their presence in
the diet. Using the number o fthese items in the gizzard will, never-
their
because of their long retention times, so such counts need to be

theless, likely overestimate proportional contribution
weighted (e.g. Duffy and Jackson, 1986). There is also need to con-
sider interspecific variation in this. Some seabirds, such as gulls
(Laridae) and skuas (Stercoraridae), empty the gizzard from
time to time by regurgitating pellets of indigestible material,
whereas others, such as procellariiforms, rarely do so, so may

retain hard parts of prey in the gizzard for many months.

Regurgitations
birds, petrels and
(Procellariidae and Hydrobatidae, respectively), when attracted

Some especially nocturnal shearwaters
to lights at night become disorientated and laird on a ship’s deck
or the ground. To lessen weight or as a panic response, they
often vomit the contents ofthe upper digestive tract At breeding
colonies, stormpetrels can also be caught in mist-nests where they
will regurgitate or can be induced to regurgitate (Montevecchi
1992; Hedd and Montevecchi, 2006). Sampling this way

can be especially valuable because it may be the only way to

et al,

obtain dietary information from birds at sea and/or outside the
breeding season. The problem with this technique of sampling
outside the breeding season is that it is entirely opportunistic
and dependent on weather conditions, because birds are much
more likely to be attracted to lights during foggy, overcast, and/
or rainy weather. Nevertheless, such sampling can produce valu-
able information on the food types available at prey patches at sea.

Other gannets (Sulidae),
(Phalacrocoracidae), gulls, and tems (Sternidae) at or near the

species such as cormorants
nest or on their way to feed chicks often regurgitate food held in
the proventriculus if disturbed. Chicks may also spontaneously
regurgitate in response to disturbance, or can be easily stimulated
to regurgitate. Such samples are often only partly digested material
and readily identifiable in the field (e.g. from gannets, cormorants)
or on return to the laboratory (gulls, kittiwakes, Rissa spp.).
Another advantage is that this type of sampling can be repeated
(using the same or different birds) through the breeding season.
Hard body parts (otoliths, bones, etc.) are also often not worn
by digestion (although there are different digestion rates among
opaque and hyaline otoliths; Jobling and Breiby, 1986), so allowing
reliable determinations of prey size. Note, however, that the pro-

portion of ingested items in the regurgitations varies, so the
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amount regurgitated cannot be used as an estimate of meal size.
Another limitation ofthis method is that the disturbance involved
in some breeding colonies reduces the numbers of visits possible.
There may also be biases where some food types are easy to regur-

gitate whereas others are not.

Stomach lavage, emetics

If a bird does not regurgitate voluntarily, the upper digestive tract
can be sampled without harming the bird by flushing the contents
with water. This process, referred to as lavage, stomach flushing, or
water offloading, involves pumping water through a tube inserted
in the oesophagus ofabird and catching the regurgitated contents
in a bag, sieve, or bucket (Wilson, 1984; Ryan and Jackson, 1986).
A latex tube is inserted deep into the bird’s oesophagus, and water
(preferably salt water) pumped (using a syringe) in the other end
ofthe tube. Ifworking in cold regions, the water should be slightly
heated to avoid cold stress. The bird is then inverted overa suitable
receptacle into which the water and stomach contents are emptied.
The process may be repeated to ensure as complete an emptying of
the gastric system as possible (Neves et al., 2006). Note that in
some countries, the use of this method may require a licence.

One limitation oflavage relates to how the birds are captured,
because many birds vomit immediately upon being captured, so
appear to be empty upon having their stomachs flushed. It has
also proved difficult to use in some groups of seabird that do
not regurgitate food to offspring, e.g. auks, though see Wilson
etal. (2004).

Birds do not always eject all the contents of the upper gut tract
during lavage, and can sometimes be induced to do so using an
emetic (Ryan and Jackson, 1986). Emetics can, however, increase
the risk of harming birds, especially if used by inexperienced

researchers, so their use is not recommended.

Excrement

Bird excrement has been used in various ways to reconstruct diets.
Hard parts from prey, such as bones, scales, eggs or otoliths offish,
parts of the exoskeletons of crustaceans, squid beaks and jaws and
setae of nereid worms, calcite plates and spines ofechinoderms, or
shell hinges of molluscs may ali survive digestion and are often
excreted. If such parts are recognizable and still bear a relationship
with original prey size, they may be used to identify prey and
reconstruct prey size. This method has been applied to many
different mammalian piscivores, most notably pinnipeds and
1991; Tollit et al, 1996, 2004;
1999; Andersen et al, 2004). Seabirds that
excrete such remains are also candidates for similar studies and

otters, Lutra lutra (Pierce et al,
Kingston et al,

many have been carried out on omnivorous gulls and skuas
(Andersson and Gotmark, 1980; Ambrose, 1986; Kubetzki et al,
1999; Kubetzki and Garthe, 2003), piscivorous ducks (Anatidae;
Rodway and Cooke, 2002), mollusc-eating seaduck (Swennen,
1976; Nehls, 1989; Nehls and Ketzenberg, 2002; Leopold et al,
2007), benthos-feeding waders (Scolopacidae; Dekinga and
Piersma, 1993; Scheiffarth, 2001), and other birds (e.g. Ormerod
and Tyler, 1991; Taylor and O 'Halloran, 1997). Relatively few
such studies have, however, been carried out on other seabird
taxa (e.g. tems, Veen et al, 2003; Stienen et al, 2007).
Advantages of the method are that it is non-invasive and
simple. Furthermore, large sample sizes can be processed and
time-series built by repeated sampling schemes. Given that differ-
ent methods often reveal different prey types, studying remains in
excrement could reveal prey

species previously unknown,
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e.g. Nereis jaws in sandwich tern (Sterna sandvicensis) excrement
(Stienen et al, 2007). of faecal or scat
samples may also be used to identify the sex of the predator
(Reed et al, 1997).

Being widely used and with samples readily available, the

Genetic analyses

method has also been extensively tested against other methods
of diet study (Prime and Hammond, 1987; Dellinger and
Trillmich 1988; Cottrell et al, 1996; Taylor and O ’Halloran,
1997). Such tests have demonstrated that studies of excrement,
like many other indirect methods covered here, are unlikely to
reveal all prey taken by the predator. Some prey are easily fully
digested, and some birds also use other means to rid themselves
of prey hard parts, e.g. through regurgitation of pellets (see
below). Moreover, some parts survive better than others and
some prey may be completely overlooked or greatly underesti-
mated. For example, sandeel (Ammodytidae) otoliths appear in
the faeces of great black-backed gulls (Larus marinus), but otoliths
ofgadoid fish too large to pass through the intestine are voided in
pellets (RWF, unpublished data). Another disadvantage is that
excrement is unlikely to be collected at sea, unless a suitable plat-
form on which they are deposited is available for sampling
(Camphuysen and de Vreeze, 2005). Also, processing faecal
samples can be unpleasant, although several washing methods
have been developed (Bigg and Olesiuk, 1990), and estimating
prey size from their remains is also time-consuming compared
with measuring whole fish in a bird’s oesophagus. The identifi-
cation of prey from their remains, be they faecal or regurgitates,
requires good identification guides (Harkonen, 1986; Watt et al,
1997; Leopold etal, 2001) and/or reference collections.

Pellets

Several seabirds regurgitate indigestible prey remains in discrete
pellets. These may be collected and the remains sorted, using
methods similar to those described earlier. Pellet analysis has
been used widely on cormorants and shags (Phalacrocorax spp.;
Kennedy and Greer, 1988; Barrett et a/, 1990; Hald-Mortensen,
1995; Derby and Lowom, 1997, Grémillet and Argentin, 1998;
Leopold et al, 1998; Oimos et al, 2000), gulls (Meijering, 1954;

1971; Wietfeld, 1977; Garthe et al, 1999b; Kubetzki
1999; Kubetzki and Garthe, 2003), skuas (Votier et al,
2004, 2006, 2007), tems (Favero et al, 2000; Granadeiro et al.,
2002; Veen et al, 2003; Bugoni and Vooren, 2004; Mauco and
Favero, 2005), black skimmers
Vooren,

Spaans,

et al.,

(Rhynchops niger; Naves and
2006), and other birds such as waders, kingfishers
(Alcedinidae), and dippers (Cinclus cinclus;, Swennen, 1971; Jost,
1975; Caims, 1998). Being widely used and with samples readily
available, particularly from cormorants, the method has been
tested extensively both with captive birds fed known diets

(Votier et al, 2001), and against other diet study methods

(Brugger, 1993; Harris and Wanless, 1993; Russell et al, 1995;
Trauttmansdorff and Wassermann, 1995; Zijlstra and van
Eerden, 1995; Suter and Morel, 1996; Casaux ef al, 1997, 1999;

Votier etal, 2003).

Like faeces collection, the method is non-invasive and simple
and can provide large samples over time, although finding pellets
is often restricted to breeding colonies or roosts. However, species
such as gulls aggregate in mixed groups, especially at roosts and
resting sites, so that pellets can sometimes not be allocated to a
specific species. Pellets can be collected from any dry surface such
as offshore lighthouses and platforms, or even specially designed
floating pellet-collecting devices (Gagliardi et al, 2003), and are



1678

available throughoutthe year (Johansen etal., 2001). Pellet data can
provide a quantitative index of diet composition, and on the
assumption thatbirds generally eject one pellet per day (as generally
with cormorants) or one pellet per meal (as often with gulls and
skuas), and that the pellet contains the hard parts of all prey
eaten, it is possible to convert this index to a rough estimate of
tire quantitative composition ofdiet (Johansen etal, 2001; Votier
etal.,, 2001,2003,2007). There are, however, few field verifications
of the numbers of pellets produced per day (e.g. in cormorants;
Hiippop and Friindt, 2002). Moreover, Johnstone et al. (1990)
showed that the proportion of otoliths recovered in shag pellets
varied greatly from day to day and according to the species of
fish ingested, and that measurements of otoliths sometimes gave
misleading estimates of fish size. As a consequence, pellet analysis
is better used for determining diet composition than for quantifi-
cation of consumption (Carss etal., 1997).

Many different prey types have been found in pellets, including
unexpected ones (e.g. Leopold and van Damme, 2003), suggesting
that most prey can be assessed using the method. Some compara-
tive studies have, however, clearly indicated that the hard parts of
small prey may not end up in the pellets, but rather in excrement
(e.g. Veen etal, 2003). As in excrement studies, some prey items
do notleave hard parts in pellets, and processing pellets and recon-
structing the numbers of prey and prey sizes is time-consuming.

Further problems arise as a result o fthe possibility ofsecondary
consumption of prey by a seabird, i.e. the pellet may contain
remains of prey present in the digestive tract of the fish or other
organism consumed by the seabird. For example, Johnson et al.
(1997) suggested that the invertebrate prey found in the pellets
of double-crested cormorants (Phalacrocorax auritus) were prey
of the fish consumed and not of the cormorants themselves.
This source of error may also be relevant in studies of faeces or
regurgitated remains and in analyses of dead birds containing
partly or completely digested material. In general, however, fish
stomachs appear to contain few hard parts of prey, and although
bivalve or gastropod molluscs may be identified as secondary
prey, the problem is probably small (Amett and Whelan, 2001).

Food dropped in the colony

Fish or other food items dropped by adults returning to the colony
or dropped by chicks during feeding may be found on the ground
or on breeding ledges, where they can be collected and identified.
They are, how-ever, poor indicators of food choice. In mixed colo-
nies, the species that dropped the food is generally unknown, and
those dropped by chicks may be unrepresentative of the fish nor-
mally eaten. For example, guillemot and tern chicks often reject
fish that are too large or too difficult to swallow, or those
dropped by adults (often non-breeding birds) may not be repre-
sentative of those caught by chick-provisioning adults (Atwood
and Kelly, 1984; Harris and Wanless, 1985). A further source of
bias is that dropped fish are often readily found and eaten by
other seabirds in the area, probably with the most conspicuous

items disappearing first.

Observations and collection of food

from fish-carrying species

Some seabird species bring whole fish (and rarely other food
items) carried openly cross- or lengthwise in the bill to their
chicks and some seaduck bring large prey items to the surface
before swallowing them. With practice and for species carrying
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single or few fish (e.g. tems, auks), it is often possible to identify
such food items from a distance using binoculars or a telescope
as the bird stands in the colony or sits on the water (Birkhead
and Nettleship, 1987; Leopold et al, 1992; Harris and Wanless,
1995; Rodway and Montevecchi, 1996; Barrett, 2002; Larson and
Craig, 2006). It is also possible to estimate prey size in relation
to bill length.

In some cases, identification of fish (and estimates oftheir size)
carried by birds into the breeding colony can be controlled by sub-
sequently catching the observed birds and collecting the fish (see
below). For single-prey loaders that carry fish lengthwise in the
bill, such as guillemots (Uria spp.), the fact that the head of the
fish may be carried at different depths in the bird’s oesophagus,
so reducing the observed length of fish in the bill, needs to be
taken into account. For species carrying many small fish (e.g.
puffins), species identification and quantification is also possible
(and often used), but the possibilities for observation error are
larger (Rodway and Montevecchi, 1996).

The main advantage of being able to make direct observations
offish is the possibility o fcollecting large samples without any dis-
turbance to the birds. If the species breeds in dense colonies, e.g.
guillemots, advantages are the simplicity of the method, and the
possibility to make many observations over short periods, and
hence to document short-term temporal and spatial (within or
between colonies) variations in prey choice.

The main disadvantage ofthe method is the possibility of mis-
identifying the prey with no possibility oflater confirmation. This
is even more ofa problem for species carrying many small (even
larval) fish, because numbers and sizes are easily misjudged,
although this shortcoming can be partly overcome by still or
video photograpy of fish being carried in the bill (Larson and
Craig, 2006). Such records will allow subsequent confirmation of
identification by fish experts and more accurate estimates of
prey size.

A preferable alternative is to sample the fish directly by captur-
ing the fish-carrying birds (see Rodway and Montevecchi, 1996).
In large colonies, fish-carrying common (and less often
Briinnich’s) guillemots on their way to the nest site can be
caught easily using a hoopnet on the end of a pole (fleyg) or
noose pole once they have landed on or near the site (Birkhead
and Nettleship, 1987; 2003).

Fish-carrying puffins (and razorbills, Alca torda) can also be

Davoren and Montevecchi,
caught with fleyg or mist nets as they arrive at or circle past the
colony, or with a noose pole once they have landed (Wanless
etal, 2004). Because small fish, fry, or larvae are easily lost in veg-
etation or crevices in rocks, sampling sites should be chosen with
care. Trimming the vegetation or placing plastic sheeting under the
mist net will also reduce such loss.

For burrow-nesting species, a second method is to block the
entrances 0f20-30 burrows for 1-2 h using a screen (of wire or
plastic netting) a short distance inside, or a fishnet placed over,
the entrance (Sanger and Hatch, 1987; Finney et al, 2001), and
is that the
samples are sometimes damaged as the adult tries to get past the

then to collect any fish dropped. One problem

screen. Sealing the chick’s bill shut using a pipecleaner such that
it cannotpick up the food dropped by the adult has been tried suc-
cessfully (Harding et a/, 2002), but such activities raise ethical
concerns. These direct methods involve some disturbance of the
adults, but the collection offish has the great advantage ofallowing
accurate quantitative studies of prey composition (either by
number, weight, or energy content) in that the fish are whole
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and often very fresh (even at times alive) when brought into the
colony. Collecting fish can also demonstrate highly selective fora-
ging by seabirds that may not be evident from field observation of
fish-carrying birds. For example, Barrett and Firmess (1990) found
that common guillemots fed chicks almost exclusively ripe female
capelin (Mallotus villosus) and rarely brought in either spent
female or male capelin.

Either method (observation or collection) is, however, limited
to the chick-rearing period which, for guillemots and razorbills,
may last only 4-5 weeks between the hatching of the first egg
and the fledging of the last chick For tems and some auks,
however, the method may also be used to determine food choice
and quality during the courtship period early in the breeding
season. Flow representative the fish fed to mates are of the
general diet of the species is, though, largely unknown (see
Discussion).

Recently, detailed observations of seabirds feeding at sea,
following a standardized protocol (Camphuysen and Garthe,
2004), have revealed prey choice in some detail. Although many
prey captures, particularly of small prey items, may be overlooked,
such studies provide additional information by revealing the food
source and the location directly (Schwemmer and Garthe, 2005,
2000).

Biochemical methods

Biochemical methods of determining seabird diet have several
advantages over more traditional methods. Diet sampling by con-
ventional methods most often indicates what the individual
seabird has just eaten and therefore may not reflect “average” or
typical diet if temporal variability is high. In contrast, stable
isotope ratios and fatty acid signatures in bird tissues both inte-
grate diet information over space and time (ranging from days
to months; Hobson et al.,, 1994). Additionally, the often large
biases associated with sampling gut contents or regurgitations
through differential digestion of soft and hard parts do not
apply to these indirect methods. A major value of using chemical
assays is that they provide a means ofassessing adult trophic inter-
actions and diets during breeding and, importantly, non-breeding
periods (e.g. Hedd and Montevecchi, 2006). Furthermore, com-
with conventional
sampling can allow more detailed interpretation of diet in situa-

bining the use of biochemical methods
tions where either method on its own may give misleading
results (Bearhop ef al, 2001; Hedd and Montevecchi, 2006).

Stable isotope analysis

Examining tissue levels of different stable isotopes has been used
extensively in avian feeding ecology studies (e.g. Hobson and
Welch, 1992; Hobson, 1993; Hobson et al,, 1994; Sydeman et al,
1997). The method is based on the fact that stable isotope ratios
of nitrogen (ISN /I4N) and carbon (13C/12C) in tissues pass
from prey to predator in a predictable manner. For nitrogen, the
ratio ofthe heavier (and rarer) isotope to the fighter one increases
atarate of ~3 -5 parts per thousand between each trophic level in
marine systems, such that the method can be used to indicate the
trophic level of the predator, though not the specific items in the
diet. Although complex, stable isotope methodologies are now
the world offer this
service at a reasonable cost. They do, however, require voucher

fairly routine and laboratories around
samples from hypothesized foraging areas, which may be difficult
over long distances, including migration, and long time-scales (see
below).
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As the metabolic rates of various tissues differ, stable isotope
ratios reflect trophic levels at different time- (and hence spatial)
scales, from days for “fast” tissues (e.g. plasma) to months for
“slow” ones (e.g. feathers; Hobson et al, 1994; Bearhop et al.,
1999, 2002). Stable isotope analysis of “slow” tissues provides an
opportunity to assess diet during times of the year not normally
covered by traditional diet sampling at seabird breeding colonies.
Also by analysing small pieces of feathers grown in the non-
breeding season, assessments of autumn, winter, and spring diets
can be possible, depending on the species’ moulting chronology
(Cherel et al, 2002; Hedd and Montevecchi, 2006). The method
also permits assessment of the trophic interactions of extinct
and ancient birds through the collection oftissues (e.g. bone col-
lagen) at archaeological sites (e.g. Hobson and Montevecchi,
1991). The stable isotope analysis of museum material can be a
powerful tool to assess the historical impact of fisheries, or of
oceanographic changes (Thompson er al, 1995; Becker and
Beissinger, 2006; Hilton et al, 2006).

Although carbon isotope ratios change less between trophic
levels than those of nitrogen, they are useful in providing a
general idea of how far from shore or in which oceanographic
regions the bird has fed. For seabirds that feed only in marine
environments, 13C is enriched in relation to 12C in nearshore com-
pared with offshore waters and from high latitudes towards the
equator (Rau et al., 1982; Goericke and Fry, 1994; Cherel et al,
2000). Because 13C /12C ratios differ strongly between marine
and terrestrial/fresh-water foodwebs, they can also be informative
for seabirds that consume prey from both these different environ-
ments (e.g. many guii species, or great cormorants, Phalacrocorax
carbo), where atwo-source mixing model can be used to assess the
proportions of protein derived from marine and fresh-water
1999). Although less pronounced than
the difference between terrestrial and marine signals, possible

systems (Bearhop et al,

differences in the isotopic signatures of pelagic and demersal fish
could probably be used to identify the presence of the latter
(often obtained as trawl fishery discards) in the diet of seabirds
that normally feed primarily on pelagic fish or Zooplankton
(Furness et al, 2006). Through their reflection of oceanographic
latitude,
provide insight into the movements and winter habitat use of
wide-ranging species (e.g. Hedd and Montevecchi, 2006).

gradients associated with carbon signals can also

Quantitative fatty acid signature analysis

A relatively new method used to probe the diets of marine organ-
isms takes advantage ofthe facts that (i) the fatty acid composition
of prey species is diverse (among species) and characteristic
(within species), (ii) long-chain (i.e. >14 units) fatty acids pass
relatively un-degraded to predators, and (iii) the predator ulti-
mately stores prey fatty acids in adipose tissue, which can be
sampled non-destructively using biopsy (Iverson et al, 2004). As
relatively few fatty acids are synthesized by the predators them-
selves, dietary vs. intrinsic fatty acids can be distinguished. This
technique has advantages over the use of stable isotopes because
actual diet composition rather than just trophic level can be
assessed (Kikeld er al, 2006, 2007). The potential of using the
two techniques in combination offers a possibility for more
powerful dietary analyses.

A problem inherent in the fatty acid technique is that predator
diets usually contain more than one prey species, such that the sig-
natures are often complex and cannot be examined just by eye.
Moreover, variability of fatty acid signatures between individuals
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of prey species, and intrinsic predator fatty acid production and
metabolism sometimes need to be taken into account when inter-
preting the predator signatures. Iverson et al. (2004) outline a stat-
istical modelling technique that was successful in estimating
known diet composition of marine seals and mink (Mustela
vison), and more recently, Iverson ef al. (in press) confirmed the
applicability of fatty-acid analyses to seabirds. The technique is
also demanding because a fatty acid database of all possible prey
is needed to interpret predator signatures accurately. The database
for seabird diets in the Atlantic willno doubt expand over the next
few years (and is already doing so in Alaska; Iverson et al, in
press). It is also important to calibrate the metabolic shifts in
fatty acid signatures between the consumer seabird and its food
(Kidkeld et al, 2005). The availability of software to perform the
statistical modelling requirement of the method would aid its
general applicability.

Serological methods

Serological methods also have the potential for detecting species-
specific markers in digested prey items. The enzyme-linked immu-
nosorbent assay (ELISA) has been used to identify invertebrate
tissue, but it requires extensive laboratory effort to produce
specific antisera to the range of potential prey species (Freeman
and Smith, 1998). Trials to identify fish and molluscan prey of
jackass penguins (Spheniscus demersus) also noted problems with
cross-reactivity (W alter et ai., 1986).

Pierce et al (1990) tested the use of serological methods to
identify fish prey in the diets of marine mammals, and antisera
were raised to muscle protein extracts of three fish species. The
antisera were tested for reactions with protein extracts from raw
and in vitro digested fish muscle, the stomach contents of
captive bottlenose dolphins (Tursiops truncatus) fed known diets,
digestive tract contents of grey seals (Halichoerus grypus) and
common seals (Phoca vitulina) that contained hard remains of
known prey species, and the excrement of captive seals provided
known diets. Atlantic salmon (Salmo salar) antisera were suffi-
ciently strong and specific to be used for identification ofsalmonid
proteins in digestive tract contents of marine mammals, and were
potentially applicable to the screening'of seal faeces. Antisera
raised for Atlantic cod (Gadus morhua) and herring (Clupea har-
engus) were less successful, however, owing to low specificity and
low titre, respectively.

Notwithstanding, there is potential to develop this method-
ology further, but because of the large number of prey species
in most seabird diets and the need for a reference database,
serological methods may ultimately turn out to be too expensive.

Gel electrophoresis and iso-electric
focusing of proteins

Walter and O’Neill (1986) tested the use of polyacrylamide gel
electrophoresis to identify the prey consumed by jackass penguins.
They found that different prey species could be recognized up to
6h after ingestion. Freeman and Smith (1998) used iso-electric
focusing to identify fish tissue in diets samples of Westland
petrel Some 45% of the
samples produced clear protein-banding patterns,

(Procellaria westlandica). stomach
and more
than half of these were identified as species common in fishery
waste. Proteins in the other samples were presumably too digested
for this technique. Freeman and Smith (1998) claimed that

iso-electric focusing is comparatively quick and inexpensive, and

R, T. Barrettet al.

particularly useful for diet studies where the flesh eaten is likely
to be relatively undigested at the time of sampling. Despite this
claim, and the fact that the method is used widely in fisheries
studies, neither this method nor gel electrophoresis has been
used widely in seabird diet studies.

DNA of prey in faeces

The DNA of prey present in animal faeces may also provide a
valuable source of information for dietaiy studies. Deagle et al.
(2005) tested whether prey DNA could be detected reliably in

faeces samples from captive Steller sea lions (Eumetopias

Jjubatus). Most of the DNA obtained came from the predator,

but prey DNA could be amplified using prey-specific primers.
The four prey species fed in consistent daily proportions through-
out the trial were detected in >90% of the faecces DNA extrac-
tions. Deagle and Toflit (2007) analysed faeces from captive sea
lions fed a diet containing three fish species (50%, 36%, and
14% by weight) using real-time PCR to quantify mtDNA in undi-
gested tissue and in the faecal samples. The percentage compo-
sition of fish mtDNA tissue corresponded
reasonably well with the weight of fish in the mixture, but the
results indicated that there are prey-specific biases in DNA survi-
both
seabirds that can

extracted from

val during digestion. However, studies highlighted an

approach also applicable to identify prey
species accurately and that is not dependent on prey hard parts

surviving digestion.

Food sampling below feeding birds

Fish/plankton hauls and acoustic signals

under seabird feeding frenzies

W hen flocks of intensively feeding seabirds (planktivores or pis-
civores) are encountered, sampling the sea for potential food
items can provide information on the potential prey locally avail-
able (Grover and Olla, 1983; Skov et al, 1989; Baars et al, 1990;
Piatt, 1990; Camphuysen, 1999; Frengen and Thingstad, 2002;
Schwemmer and Garthe, 2006).
taking fish or plankton hauls

Food may be
at the
Whereas fish hauls are often taken opportunistically, in other

sampled by
site, or acoustically.
words only when feeding frenzies of seabirds are encountered,
it would be useful also to sample control sites, i.e. at similar
locations away from the feeding frenzies. Additional information
can be gained through the use of echosounders that reveal
(Veit ef al, 1993;

composition (but see

the locations and sizes of prey patches
Veit, 1999) but usually not

Madureira et al,

species
1993), which generally requires verification by
trawling.

Benthos sampling below flocks and feeding sites

of seaduck, cormorants, and shags

Flocks of seaduck that reside for a longer period at a certain
location are likely to feed there on benthic prey. Because benthic
prey often stays at the same place (possible exceptions being fish
eggs, amphipods, and other epibenthos), such locations may be
sampled with bottom grabs, dredges, nets, SCUBA, cameras on
remotely operated vehicles, or other devices to assess available
potential prey. In situations where one prey type is numerically
dominant and suitable as food, it may be inferred that this poten-
tial prey is also the actual prey taken. Examples are given in Birt
et al. (1987), Leopold et al (1995), Kube (1996), and Degraer
etal (1999).



Seabird diet study review and recommendations

Archaeological: guano, middens, and mummies

Hard parts of pellets or faeces can be conserved in sediments
(Martini and Reichenbacher, 1993). Hence, geological deposits,
including guano layers in recent and abandoned seabird colonies
(Rand, 1960) or archaeological sites may contain information on
the diets of seabirds in the past (Emslie et al, 1998). Perhaps even
more spectacular, although of little relevance to modern diet
studies of seabirds, prey remains are sometimes found in fossil
seabirds (Mayr, 2004). Both these types of studies could be par-
ticularly informative in considerations

of long-term ocean

climate change.

Application of data loggers

W hereas all the methods outlined above address the identification
ofthe food items taken, few provide sound quantitative data con-
cerning how much food is eaten. Recent approaches using data
loggers not only provide data on how much food, but also when
(and sometimes even where) food is ingested. Such methods
involve the capture and recapture of birds to deploy and then to
download the data and/or remove the devices. So far, stomach
temperature loggers have been most commonly applied. Their
use is based on the principle that the ingestion of cold prey
(fish, cephalopods, etc.) by warm-blooded seabirds leads to atem-
porary drop in temperature in the digestive tract (Wilson et al,
1992). From the magnitude of the temperature drop and the
time it takes to re-warm the stomach and contents, the amount
of food can be estimated (Wilson et al, 1995). The method has
been applied successfully to a variety of seabirds, including pen-
guins, albatrosses, cormorants, and gannets (Grémillet and Plos,
1994; Wilson et al, 1995; Garthe et al, 1999a). A major problem
with the technique is that the detection works very well for
single, large prey items, but less well for multiple prey items,
especially small ones. In the worst case, small fish such as sandeels
or small clupeids cannot be detected at all after the stomach has
partly filled, so that both information on timing of feeding and
1995; Wanless
etal, 2005a, b). However, some studies have been able to quantify

amount of food can be masked (Wilson et al,

prey consumption. To avoid the masking effect of prey lying in the
stomach on top ofthe device, two other technologies were deve-
loped that try to detect prey ingestion in the bird before the
prey enters the stomach. Ancel et al. (1997), Charrassin et al.
(2000), and others applied sensors in the oesophagus that record
prey ingestion while the prey moves from the beak of the birds
towards the stomach. Wilson etal. (2002) recently devised a man-
dibular sensor that records changes in sensor voltage as a function
ofintermandibular angle. Captive feeding trials showed that prey
weight can be determined with reasonable accuracy, and there
has been some indication that prey type can be resolved if the
is high enough (Wilson et al, 2002).
Heart-rate monitors have been used on black-browed albatrosses

recording frequency

(Diomedia melanophrisj and white-chinned petrels (Procellaria
aequinoctialis) (Bevan etal, 1995) to detect feeding on the prin-
ciple that heart rate increases in response to ingestion and prelimi-
nary digestion of food. Back-mounted miniaturized digital
still-camera loggers have recently been fitted to seabirds nesting
on the Isle of May and foraging underwater (Watanuki et al,
2007). These cameras provide valuable information on the detailed
foraging behaviour of the birds, and further development and
application of this novel technology for seabird foraging studies

is anticipated.
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Presentation of data

Besides standard methods of sampling, a unified approach to the
needed. Duff)' and Jackson (1986)
reviewed methods for analysing and presenting dietary data, and

presentation of results is

this is still an excellent reference 20 years after its publication.
The main objectives of seabird diet analyses are (i) to compare
diet composition between species, times, and sites, and (ii) to
quantify the consumption rate of a predator on its prey to
species level and, for fish prey often also age class, sex, and repro-
ductive condition (e.g. gravid). Hence, the data have to be pre-
sented in a way to fulfil these aims and to allow interstudy
comparison.

Data collections and presentations are based on research objec-
tives. For example, research questions may focus on foodwebs and
prey consumption by avian predators, or on chick growth and
fledging success. In the latter instance, more emphasis is placed
on the sizes of food loads fed to chicks and how these change
over time. Researchers may also be interested in the nutrient and
organic composition and the energy densities of chick feeds.
These analyses have proved very informative in demonstrating
decreases in the condition of forage species, likely reflecting
broader bottom-up foodweb effects (Davoren and Montevecchi,
2003; Wanless et al, 2005a, b). When parents feed their offspring
whole, relatively undigested fish, chick diets may be more directly
and easily related to prey consumption assessments.

It is also essential to report the sites and times of sample collec-
tions, because prey species var)' widely, often irregularly, over space
and time. The diets of conspecific seabirds can vary considerably
and oceanographic regions (Schneider and
Hunt, 1982; Barrett et a/, 1987; Montevecchi et al, 1992; Garthe
et al, 2007), as well as seasonally (e.g. Barrett et al, 1987; Hedd
and Montevecchi, 2006). Seabirds are opportunistic and to a

among colonies

certain extent capture the prey thatis available; therefore, estimates
of spatial and temporal variability in data need to be presented.
Single-day or single-location data are all too often presented as
representative of a species (see Brown efal, 1981).

Qualitative data/taxonomy

Prey items are usually identified to the lowest achievable taxo-
nomic level (order, family, genus, species, and sometimes subspe-
cies). In the absence of a standardized world list of animals and
plants, and given the frequent changes in nomenclature following
advances in taxonomic research, an author should always try to
accommodate future scientists by stipulating the references used
to identify prey. It should also be made clear in publication what
taxonomic conventions were followed, so that readers can under-
stand what taxa are listed, knowing that nomenclature may change
in years to come. A full listofreported taxa should be added as an
(electronic) appendix ofeach diet study, to facilitate future use and
comparisons, including at least the class of all prey items, and
when possible also order, family, genus, and (sub)species, such
as exemplified in Table 1. Such a list should also include the
common name of prey items, because they may be have been
used elsewhere in the paper. A minimum requirement would be
an accurate list of the different taxa found, because in later
meta-analyses, it is important to know exactly the taxonomic
level to which species were identified when comparing lists from
different species or sites. For example, a category “unidentified
polychaetes” may comprise only a single species, a few species,

or even some dozen species, which makes a big difference when
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Table 1. Example of an appendix in a hypothetical diet study listing prey items found and reported, including insects, crustaceans, worms,

molluscs, bony fish, and plants.

Class Order Family Genus Species
Insecta Ephemeroptera - - -

Insecta Diptera - - -

Insecta Diptera Muscidae Musca domestica
Insecta Coleoptera Carabidae Poecilus versicolor
Insecta Coleoptera Coccinellidae - -
Malacostraca Decapoda Corystidae Corystes cassivelaunus
Malacostraca Decapoda Cancridae Cancer pagurus
Polychaeta Phyllodocida Nereidae Nereis virens
Polychaeta Phyllodocida Nereidae Nereis diversicolor
Oligochaeta Terricola Lombricidae Lumbricus terrestris
Bivalvia Cardiacea Cardiidae Cerastoderma edule
Bivalvia Mactracea Mactridae Spisula subtruncata
Bivalvia Tellinacea Tellinidae Macoma balthica
Osteichthyes - - - -
Osteichthyes Clupeiformes Clupeidae Clupea harengus
Osteichthyes Clupeiformes Clupeidae Sprattus sprattus
Osteichthyes Gadiformes Gadidae Merlangius merlangus
Osteichthyes Scorpaeniformes Triglidae Trigla lucerna
Osteichthyes Pleuronectiformes - - -
Osteichthyes Pleuronectiformes Bothidae Arnoglossus laterna
Osteichthyes Pleuronectiformes Solidae Solea solea
Dicothyledones Tubifiorae Convolvulaceae Convolvus -
Spermatopsida Vitales Vitaceae Vitis vinijera
Liliopsida Poales Poaceae - -

Liliopsida Poales Poaceae Triticum -

Liliopsida Poales Poaceae Ammophila arenaria

comparing species numbers. Ifdifferent taxa were identified down
to differing taxonomic levels, comparisons have to take this into
consideration. Also, a possible bias caused by different stages of
digestion for different taxa may cause severe errors. Ignoring uni-
dentifiable diet components is likely to bias against more rapidly
digestible material (Duffy and Jackson, 1986). The same holds,
of course, for quantitative analyses.

Quantitative data
Prey lists should be extended to make at least some estimates ofthe
abundance of the different taxa found. The easiest (and fastest)
way is to note in how many “sample-units” the respective food
item occurred, i.e. in what percentage of pellets, stomachs, etc.,
which should be termed “frequency of occurrence”. However,
regarding the large differences in size of prey items in many
seabird species, e.g.

copepods vs. fish in fulmars (Fulmarus

glacialis; Furness and Todd, 1984), or amphipods and other
small crustaceans vs. fish in Briinnich’s guillemot (Loline and
Gabrielsen, 1992), better measures to quantify food should also
be applied if possible. Dietary data can be quantified in terms of
numbers of individuals per taxon (resulting in “numerical abun-
dance”) or by biomass estimates per taxon if there are means to
count individuals and/or to estimate their volume or weight.
Because many prey items will be partly or largely digested and
therefore incomplete, there is a need to convert numbers of indi-
items to

vidual prey the (minimum/maximum) number of

individual prey of a given size and weight. Any documentation
should clarify the techniques used to estimate the size and
weight ofindividual prey (e.g. the regression equations used to cal-
culate fish size from otoliths dimensions, or to estimate shrimp
size from particular measurements of claws or carapace).
Documentation of prey size should preferably include length fre-
quency distributions (histograms), because these will often
reveal the age distributions of fish taken as well as the range
(minimum and maximum), the mean (with standard deviation
or error) and the median size of prey (including the quartiles),
and sample size. Biomass given as wet weight is preferable to dry
weight, but it should be given with caution, because prey may
dehydrate when transported in the beaks ofparent birds returning
1987). Conversion

factors between wet and dry weights should be quoted.

food to colonies (Montevecchi and Piatt,

Several indices and methods to compare species or sites have
been published. Pinkas (1971), Pitcher (1980), Bigg and Perez
(1985), and Day and Byrd (1989) developed various indices of
relative importance, Duffy and Jackson (1986) listed a variety of
diversity indices, and Swanson et al. (1974) describe how to
weight diet samples mathematically. Diet similarity (or overlap)
among samples can be determined, for instance using percentage
composition by weight and Morisita’s index of diet similarity,
which expresses similarity as a percentage (Baltz and Morejohn,
1977). Other niche parameters that can be calculated iffrequencies

are available are niche breadth or niche overlap (Colwell and
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Futuyma, 1971; Muhlenberg, 1989). Also, more sophisticated stat-
istics such as cluster analysis or multidimensional scaling may be
applied for categorizing dietary data (Lanne and Gabrielsen,
1992; Kubetzki and Garthe, 2003). All these methods require
that the original data are presented in a comparable maimer (see
above). Again, it is extremely important to have the diet analysed
down to the same taxonomic level to achieve comparable data and
to allow for differences in digestibility.

Discussion

Differences in diet between adults and chicks,

breeders and non-breeders

W hen analysing and evaluating studies of seabird food, there is
often bias resulting from a non-representative sampling design.
Because it is extremely difficult to sample diet of seabirds at sea,
it is not surprising that the vast majority of studies on seabird
feeding ecology is restricted to the breeding sites and seasons.
Moreover, even the comparatively few studies that have compared
the diets of adults to chicks or of breeders to non-breeders have
almost all revealed substantial differences in diet.

Seabirds provisioning chicks face different constraints from
those when self-feeding and, as a result, chick food normally
differs from the food eaten by adults (Ydenberg, 1994; Dierschke
and Hiippop, 2003). Small chicks may be unable to ingest large
prey (Shealer, 1998), and parents flying with prey visible in their
bills may be subject to kleptoparasitism (Veen, 1977; Furness,
1978; Burger and Gochfeld, 1991; Ratcliffe et a/, 1997) or face
aerodynamic or gravity constraints. Moreover, prey otherwise
“optimal” or “ideal” for adults may be available only at distances
from colonies that outweigh their calorific or nutritional advan-
tages (Weimerskirch, 1998). These constraints all lead to a shift
in adult diet away from prey optimal for chick rearing, so reducing
the possibilities of determining the former in the breeding colo-
nies. Optimal foraging theory, or more precisely, central-place
foraging theories (Orians and Pearson, 1979) predict that:

(i) single-prey loaders (such as guillemots or tems) should bring
larger, and in energetical terms richer, prey to their chicks
than they swallow themselves (Wilson et al., 2004; Sonntag
and Plippop, 2005);

(ii) multiple-prey loaders (such as many smaller auks that can
carry several fish in their bill, Procellariiformes that convert
prey to stomach oil, or seabirds that ferry multiple prey in
their crop and/or stomach) should optimize their energy
load per trip, particularly if trips are long, or few and far
between (Ydenberg, 1994; Davoren and Burger, 1999).

Optimizing energy load may be achieved by selecting fatty fish
such as clupeids, sandeels, capelin, or mackerel (Scomber scom-
brus), but also by selecting larger or gravid fish, because these gen-
erally contain more energy per item and per gramme
(Montevecchi and Piatt, 1984; Hislop et al., 1991; Lawson et al.,
1998). Parents need to sustain themselves and should therefore
attempt to allocate their resources optimally between themselves
and their chicks. Those that need only to feed themselves may
satisfy their daily needs with small or lean prey, if easily available,
but parents that need to investheavily in prey transport will benefit
from being selective (Mehlum, 2001). Optimal prey allocation may
lead to starvation ofyoung if adult survival or fitness is at risk in
years where food is scarce or ofpoor quality. Seabirds are generally
and would rather desert their

long-lived, offspring when
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conditions turn bad than risk a reduction in their own survival
and hence their lifetime reproductive potential (Erikstad et al,
1998, but see also Davis etal., 2005). Therefore, they only continue
to feed young when resources are adequate. When single-prey
loaders feed their young, the allocation of food between parents
and chicks could, in theory, take the form of optimal sharing
(Leopold et al, 1996, Davis et al., 2005; Sonntag and Hiippop,
2005), i.e. the parents ingest all small prey, and fly off only with
large prey, with the threshold being determined by their relative
needs. Alternatively, parents could fulfil their own needs first,
before switching to chick provisioning. Studies that simul-
taneously examine adult and chick diet are rare in seabirds
(Brown and Ewins, 1996; Davoren and Burger, 1999; Dierschke
and Hiippop, 2003; Wilson ef al, 2004). Parental foraging tactics
investigated with bird-bome tracking and activity devices and
sensors that record prey intake (e.g. Weimerskirch, 1998; Wilson
etal, 2002; Garthe et al., 2007) will help shed fight on the beha-
vioural decisions that underlie these dietary patterns.

Breeding birds without chicks include birds that still have eggs
or birds that have lost their clutch or brood. Birds with chicks
bring in food that is higher in energetic density than the food
taken by birds without chicks (Keiji et al, 1986; Noordhuis and
1996; Ojowski et al, 2001).
common

Spaans, 1992; Brown and Ewins,
Mehlum (2001) showed that
Briinnich’s guillemots that bring fish to their young can have

guillemots and

much smaller prey, e.g. euphausiids, as their staple diet when self-
feeding. This may also be the case in the pre-fledging period of
common guillemots shortly after the chick has left the breeding
shelf and is being fed at sea by the male parent (Anker-Nilssen
and Nygard, 1987). Other studies in the non-breeding season,
chick-

provisioning, suggest that seabirds then take a larger variety of

i.e. away from the colonies and not connected to
prey, including many species that are relatively low in energy
density (Bradstreet and Brown, 1985; Hedd and Montevecchi,
2006), and often at a lower trophic level (Bearhop ez al, 2001).
The dietofadults may vary through the breeding period or may
differ between sexes, reflecting changing demands through the
1987, 1991; Pons,
For example, Niebuhr
in the pre-laying

seasons (Spaans, 1971; Pierotti and Annett,
1994),
(1983) observed that female herring gulls

or even between individuals.
period preferred mussels, which provided calcium for egg-shell
formation, whereas males fed on refuse. Despite the greater ener-
getic value of refuse, mussel specialists produced more offspring,
and their chicks were larger at all developmental stages than
those of refuse specialists (Pierotti and Annett, 1987). Individual
feeding preferences provide additional variability (McCleery and
Sibly, 1986), necessitating large sample sizes.

At seabird colonies, there is generally a high proportion of
1986; Pons and Migot, 1995;
Warham, 1996; Grunsky-Schoneberg, 1998). These are immatures

non-breeding adults (Aebischer,

and adults that skip breeding for a year (or more), which might
extenuate energetic constraints and hence increase lifetime repro-
duction and overall fitness (Calladine and Harris, 1997; Cam etal,
1998; Bradley etal, 2000). Again, owing to different demands and
constraints, their diets likely differ from those of breeders. Diets
may therefore differ within individuals over time, and between
individuals at any one time and place given different constraints
and opportunities (opportunistic feeding).

The major problem with seabird diet studies to date is the lack
of knowledge concerning the food of birds at sea away from the

colonies, i.e. outside the breeding season, and for non-breeding
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and immature birds. Most species of seabird spend most of their
lives offshore, so many ofthe data on the diet of non-breeding sea-
birds are derived from beached birds or from birds drowned in
fishing nets. In general, feeding can be more opportunistic
outside the breeding season because birds are not forced to stay
near their breeding sites or to provision chicks. Hence, food com-
position is more varied outside the breeding season (Spaans, 1971;
Hailey et al, 1995; Ainley et al, 1996; Ouwehand et al, 2004;

Ludynia et al, 2005).

Seabird diet and threats to seabirds

It is widely accepted that a great threat to seabirds currently is
longline bycatch mortality. This affects many species ofscavenging
seabird, especially albatrosses, with 19 ofthe 21 species o falbatross
considered to be underthreatofextinction as a result ofunsustain-
able mortality caused by fisheries (Phillips ez al, 2006; Bull, 2007).
Better understanding of scavenging seabird diets and feeding
ecology is an important part of understanding this impact, and
of developing mitigation measures or management to reduce the
possibility of interaction. Biochemical approaches in particular
may help to indicate how important longline baits are as food
for scavenging seabirds, and the use of data loggers and satellite
transmitters may provide a better understanding of the foraging
behaviour of scavenging seabirds in relation to fishing vessel
locations and activities. In addition, it is clear that scavenging sea-
birds may benefit from fishery waste (offal and discards), and that
the suitability of this waste can vary dramatically according to
regional variations in fishery management practice and regulations
(Furness etal, in press). Profound changes in fisheries, such as the
introduction ofa zero discard policy aftermany years ofhigh rates
of discarding, may have important implications for scavenging
seabirds, but also for other smaller seabirds on which these scaven-
gers may feed when deprived of discards (Votier et al, 2004).
Monitoring seabird diets during such periods of changing
fishery management will be an important aspect of “ecosystem-
wide management” and may best be done using a combination
ofbiochemical and direct conventional approaches.

Another major concern is the reduction in food availability to
seabirds that may result from climate change or fisheries (Tasker
2000; Furness 2002, 2003; Wanless et al, 2007). Here
again, monitoring ofseabird diets, including the size and energetic

et al,

quality ofprey items (Wanless etal, 2005a,b) over a series ofyears
will help to determine how diets vary as a function of food fish
abundance, and may indicate the necessary minimum biomass
of food fish required to sustain healthy populations of seabirds

in particular ecosystems.

Seabird diet in the context of ecosystem function

and management

Caims (1987) introduced an integrated approach to the use ofsea-
birds as indicators of marine food supplies, and later (Caims,
1992)
biology and fisheries science to benefit the conservation of both

stressed the need for closer collaboration between seabird

birds and fish. With increasing concern over the conservation of
marine ecosystems that sustain intensive fishing effort (Pauly
etal, 2005), the need to monitor the diets of seabirds and to incor-
porate seabird populations within regional models of marine
ecosystems is becoming even clearer.

Many seabirds are excellent, wide-ranging samplers of small
fish that are difficult to sample adequately by traditional survey
methods, e.g. because the fish are schooling or keep to nearshore

R. T Barrett et al.

nursery areas inaccessible to seagoing vessels. In terms oftimeli-
ness, cost-efficiency, and accuracy, data on seabird diets may there-
fore often prove to be valuable indicators of fish recruitment that
are well-suited for incorporation in or for tuning fisheries assess-
ment models (Barrett, 1991; Caims, 1992; Litzow et al, 2000;
Lewis etal, 2001).

Karpouzi et al (2007) estimated that seabirds of the world
consume ~96 million tonnes of food each year, compared with
of ~120 million tonnes.
Although Karpouzi et al. (2007) were able to map in considerable

a total catch by marine fisheries

detail the geographical hotspots for consumption by seabirds, they
could find data on diet composition for just half the world’s
seabird species; data had to be guessed for the other half.
Moreover, for most species, the only data on diet are for birds
sampled during the breeding season, and often only for chick
diet, so these global or regional ecosystem energetics models are
forced to use limited, probably biased, data on diet composition.
Even within regions where seabird research has been particularly
detailed, as in the North Sea, there are few data on the diet of
most species of seabird during winter, and these limitations con-
strain quantitative assessments of food consumption at an ecosys-
tem level. It is to be hoped that a combination of the newly
developing biochemical methods, conventional sampling, and
the use of new data loggers (including camera loggers) may
provide the opportunity to determine winter diets of the most
abundant seabirds in the near fixture.

Overview and summary
Valuable
oceanographic variability can be garnered from dietary studies

information about feeding ecology, foodwebs, and
of marine birds. Many species of seabird are excellent, wide-
ranging samplers of small fish and crustaceans that are difficult
to sample adequately by traditional survey methods. Many target
fish species exhibit vessel and gear avoidance, or occur in surface
invisible zones and/or in near-
the

(Montevecchi, 1993). Many of the species consumed by seabirds

waters in hydroacoustically

shore nursery areas outside range of seagoing vessels
are not commercially exploited so are ignored by surveys support-
ing fisheries management. Yet these “non-commercial” species
often come to be exploited commercially and are then overfished
(Pauly etal, 1998). Seabird samplers can also provide insights into
changes in the ecology of such unexploited species and also at
times proride key information about ocean climate change inde-
(Field et al, 2007;

Montevecchi, in press). In terms of providing early warning

pendent of direct fishery influences
signals, cost-efficiency, and precision, seabird diets have often pro-
vided useful information about fish recruitment that is weE suited
for incorporation in fisheries management models (Hislop and
Harris, 1985; Barrett, 1991; 2002; Hatch and Sanger, 1992; Roth
etal, 2007).

Owing to the considerable variability in the methods with
which dietary data can be collected and reported, there is often a
lack of comparability among findings that can hinder more com-
prehensive and broader application. By reviewing and evaluating
these methods and their limitations, and by making recommen-
dations from standardization in the reporting ofresults, our aim
has been to increase the information value and comparability of
seabird diet data collected by marine ornithologists and to
further extend their usage in marine ecology, fisheries research,
and in biological and physical oceanography.



Seabird diet study review and recommendations

Acknowledgements

This paper is a product of contributions from, and constructive
discussions within, the ICES Working Group on Seabird Ecology
(WGSE), for which we are very grateful. We thank the Royal
Netherlands Institute for Sea Research and SEO/BirdLife and
the Museum de Ciéncies Naturals de Barcelona for their gracious
hospitality and help at our 2006 and 2007 WGSE meetings in Texel
and Barcelona, respectively, and Sarah Wanless and an anonymous
reviewer for considered and helpful comments. RWF’s contri-
bution to this review was made possible by a Fellowship from
The Leverhulme Trust.

References

Aebischer, N. J. 1986. Retrospective investigation ofan ecological dis-
aster in the shag, Phalacrocorax aristotelis: a general method based
on long-term marking. Journal of Animal Ecology, 55: 613-629.

Ainley, D. G., Spear, L. B, Allen, S. G., and Ribic, C. A. 1996. Temporal
and spatial patterns in the diet ofthe common murre in California
waters. Condor, 98: 691-705.

Ambrose, W. G. 1986. Estimates of removal rate of Nereis virens
(Polychaeta: Nereidae) from an intertidal mudflat by gulls (Larus
spp.). Marine Biology, 90: 243-247.

Ancel, A., Homing, M., and Kooyman, G. L. 1997. Prey ingestion
revealed by oesophagus and stomach temperature recordings in
cormorants. Journal of Experimental Biology', 200: 149-154.

Andersen, S. M., Lydersen, C., Grahl-Nielsen, O., and Kovacs, K. M.
2004. Autumn diet of harbour seals (Phoca vitulina) at. Prins
Karls Forland, Svalbard, assessed via scat and fatty-acid analyses.
Canadian Journal of Zoology, 82: 1230-1245.

Andersson, M., and Gotmark, F. 1980. Social organisation and fora-
ging ecology in the Arctic skua Stercorarius parasiticus: a test of
the food dependability hypothesis. Oikos, 35: 63-71.

Anker-Nilssen, T., and Nygard, T. 1987. Notes on the food choice of
adult and young guillemots Uria aalge during post-breeding
migration in central Norway. Fauna Norvegica Series C, Cinclus,
10: 53-56.

Arnett, R. T. P, and Whelan, J. 2001. Comparing the diet of cod
(Gadus morhua) and grey seals (Halichoerus grypus): an investi-
gation of secondary ingestion. Journal of the Marine Biological
Association of the UK, 81: 365-366.

Atwood, J. L., and Kelly, P. R. 1984. Fish dropped on breeding colonies
as indicators ofleast tera food habits. Wilson Bulletin, 96: 34-47.

Baars, M. A., Duineveld, G. C. A, van Duyl, F. C., de Gee, A., Kraay,
G. W., Leopold, M. F., Oosterhuis, S., et al. 1990. The ecology of
the Frisian Front. ICES Document CM 1991/L: 25Q.

Baltz, D. M., and Morejohn, G. V. 1977. Food habits and niche overlap
of seabirds wintering on Monterey Bay, California. Auk, 94:
526-543.

Barrett, R. T. 1991. Shags (Phalacrocorax aristotelis) as potential sam-
plers of juvenile saithe (Pollachius virens (L.)) stocks in northern
Norway. Sarsia, 76: 153-156.

Barrett, R. T. 2002. Atlantic puffin Fratercula arctica and common
guillemot Uria aalge chick diet and growth as indicators of fish
stocks in the Barents Sea. Marine Ecology Progress Series, 230:
275-287.

Barrett, R. T., Anker-Nilssen, T., Rikardsen, F., Valde, K., Rov, N., and
Vader, W. 1987. The food, growth and fledging success of
Norwegian puffin chicks Fratercula arctica in 1980-1983. Ornis
Scandinavica, 18: 73-83.

Barrett, R. T., and Furness, R. W. 1990. The prey and diving depths of
seabirds on Hornoy, north Norway after a decrease in the Barents
Sea capelin stocks. Omis Scandinavica, 21: 179-186.

Barrett, R. T., Rev, N., Loen, J., and Montevecchi, W. A. 1990. Diets of
shags Phalacrocorax aristotelis and cormorants P. carbo in Norway

1685

and implications for gadoid stock recruitment. Marine Ecology
Progress Series, 66: 205-218.

Bearhop, S., Thompson, D. R., Phillips, R A., Waldron, S., Hamer,
K. C., Gray, C. M., Votier, S. C., et al. 2001. Annual variation in
great skua diets: the importance of commercial fisheries and preda-
tion on seabirds revealed by combining dietary analyses. Condor,
103: 802-809.

Bearhop, S., Thompson, D. R., Waldron, S., Russel, I. C., Alexander,
G., and Furness, R. W. 1999. Stable isotopes indicate the extent
of freshwater feeding by cormorants Phalacrocorax carbo shot at
inland fisheries in England. Journal of Applied Ecology, 36: 75-84.

Bearhop, S., Waldron, S., Votier, S. C., and Furness, R. W. 2002.
Factors that influence assimilation rates and fractionation ofnitro-
gen and carbon stable isotopes in avian blood and feathers.
Physiological and Biochemical Zoology, 75: 451-458.

Becker, B. H., and Beissinger, S. R 2006. Centennial decline in the
trophic level of an endangered seabird after fisheries decline.
Conservation Biology, 20: 470-479.

Bevan, R M., Butler, P. J., Woakes, A. J., and Prince, P. A. 1995. The
energy expenditure of free-ranging black-browed albatrosses.
Philosophical Transactions of the Royal Society of London B -
Biological Sciences, 350: 119-131.

Bigg, M. A., and Olesiuk, P. F. 1990. An enclosed elutriator for proces-
sing marine mammal scats. Marine Mammal Science, 6: 350—355.

Bigg, M. A., and Perez, M. A. 1985. Modified volume: a frequency-
volume method to assess marine mammal food habits. In
Marine Mammals and Fisheries, pp. 277-283. Ed. by J. R.
Beddington, R J. H. Beverton, and D. M Lavigne. George Allen
& Unwin, London. 354 pp.

Birkhead, T. R,, and Nettleship, D. N. 1987. Ecological relationships
between common murre, Uria aalge, and thick-billed murre,
Uria lomvia, at Gannet Islands, Labrador. 3. Feeding ecology of
the young. Canadian Journal of Zoology, 65: 1638-1649.

Birt, V. L., Birt, T. P., Goulet, D., Caims, D. K., and Montevecchi, W. A.
1987. Ashmole’s halo: direct evidence for prey depletion by a
seabird. Marine Ecology Progress Series, 40: 205-208.

Blake, B. F. 1983. A comparative study ofthe diet o fauks killed during
an oil incident in the Skagerrak in January 1981. Journal of
Zoology (London), 201: 1-12.

Bradley, J. S., Wooller, R. D., and Skira, I. J. 2000. Intermittent breed-
ing in the short-tailed shearwater Puffinus tenuirostris. Journal of
Animal Ecology, 69: 639-650.

Bradstreet, M. S. W., and Brown, R. G. B. 1985. Feeding ecology of the
Atlantic Alcidae. /n The Atlantic Alcidae, pp. 264-318. Ed. by
D. N. Nettleship, and T. R Birkhead. Academic Press, London.
574 pp.

Brown, K. M., and Ewins, P. J. 1996. Technique-dependent biases in
determination of diet composition: an example with ring-billed
gulls. Condor, 98: 34-41.

Brown, R G. B., Barker, S. P., Gaskin, D. E., and Sandeman, M. R.
1981. The foods of great and sooty shearwaters Pufffinus gravis
and P. griseus in eastern Canadian waters. Ibis, 123: 19-30.

Brugger, K. E. 1993. Digestibility of three fish species by double-
crested cormorants. Condor, 95: 25-32.

Bugoni, L., and Vooren, C. M. 2004. Feeding ecology ofthe common
tern Sterna hirundo in a wintering area in southern Brazil. Ibis, 146:
438-453.

Bdll, L. S. 2007. Reducing seabird bycatch in longline, trawl and gillnet
fisheries. Fish and Fisheries, 8: 31-56.

Burger, J., and Gochfeld, M 1991. The Common Tern - Its Breeding
Biology and Social Behavior. Columbia University Press. 413 pp.

Cairns, D. K. 1987. Seabirds as indicators of marine food supplies.
Biological Oceanography, 5: 261-271.

Cairns, D. K. 1998. Diet of cormorants, mergansers and kingfishers in
northeastern North America. Canadian Technical Report of
Fisheries and Aquatic Sciences, 2225. 29 pp.



1686

Caims, K. 1992. Bridging the gap between ornithology and fisheries
science: use of seabird data in stock assessment models. Condor,
94: 811-824.

Calladme, J., and Harris, M. P. 1997. Intermittent breeding in the
herring guii Larus argentatus and the lesser black-backed guii
Larus fuscus. Ibis, 139: 259-263.

Cam, E., Hines, J. E.,, Monnat, J. Y., Nichols, J. D., and Danchin, E.
1998. Are adult non-breeders prudent parents? The kittiwake
model. Ecology, 79: 2917-2930.

Camphuysen, C. J. 1999. Diurnal activity patterns and nocturnal
group formation of wintering common murres in the central
North Sea. Colonial Waterbirds, 21: 406-413.

Camphuysen, C. J., and de Vreeze, F. 2005. De Drieteenmeeuw ais
broedvogel in Nederland. Limosa, 78: 65-74.

Camphuysen, C. J,, and Garthe, S. 2004. Recording foraging seabirds
at sea: standardised recording and coding of foraging behaviour
and multi-species foraging associations. Atlantic Seabirds, 6: 1—32.

Carss, D. N., Bevan, R. M., Bonetti, A., Cherubini, G., Davies, J.,
Doherty, D., El Hili, A., et al. 1997. Techniques for assessing cor-
morant diet and food intake: towards a consensus review.
Supplementa alle Ricerche di Biologia della Selvaggina, 26:
197-230.

Carter, H. R., Lee, V. A., Page, G. W., Parker, M. W., Ford, R. G.,
Swartzman, G., Kress, S. W., et al. 2003. The 1986 Apex Houston
oil spill in central California: seabird injury assessments and litiga-
tion process. Marine Ornithology, 31: 9-19.

Casaux, R. J., Favero, M., Barrera-Oro, E. R., and Silva, P. 1999.
Feeding trial on an imperial cormorant Phalacrocorax atriceps: pre-
liminar)' results on fish intake and otolith digestion. Marine
Ornithology, 23: 101—106.

Casaux, R. J., Favero, M., Coria, N., and Silva, P. 1997. Diet of the
imperial cormorant Phalacrocorax atriceps: comparison of pellets
and stomach contents. Marine Ornithology, 25: 1-4.

Charrassin, J-B., Kata, A., Handrich, Y., Sato, K., Naito, Y., Ancel, A.,
Bost, C-A., et al. 2000. Feeding behaviour offree-ranging penguins
determined by oesophageal temperature. Proceedings ofthe Royal
Society of London B - Biological Series, 268: 151-157.

Cherel, Y., Bocher, P., de Broyer, C., and Hobson, K. A. 2002. Food and
feeding ecology ofthe sympatiic thin-billed Pachyptila belcheri and
Antarctic P. desolota prions at lies Kerguelen, southern Indian
Ocean. Marine Ecology Progress Series, 228: 263-281.

Cherel, Y., Hobson, K. A., and Weimerskirch, H. 2000. Using stable
isotope analysis of feathers to distinguish moulting and breeding
origins of seabirds. Oecologia, 122: 155-162.

Colwell, R. K., and Futuyma, D. J. 1971. On the measurement ofniche
breadth and overlap. Ecology, 52: 567-576.

Cottrell, P. E., Trites, A. W., and Miller, E. H. 1996. Assessing the use of
hard parts in faeces to identify harbour seal prey: results of captive-
feeding trials. Canadian Journal of Zoolog)', 74: 875-880.

Daris, S. E., Nager, R. G., and Fumess, R. W. 2005. Food availability
affects adult survival as well as breeding success of parasitic
jaegers. Ecology, 86: 1047—1056.

Davoren, G. K., and Burger, A. E. 1999. Difference in prey selection
and behaviour during self-feeding and chick provisioning in rhino-
ceros auklets. Animal Behaviour, 58: 853-863.

Davoren, G. K., and Montevecchi, W. A. 2003. Signals from seabirds
indicate changing biology of capelin biolog)'. Marine Ecology
Progress Series, 258: 253-261.

Day, R. H., and Byrd, G. V. 1989. Food habits ofthe whiskered auklet
at Buldir Island, Alaska. Condor, 91: 65-72.

Deagle, B. E., and Tollit, D. J. 2007. Quantitative analysis ofprey DNA
in pinniped faeces: potential to estimate diet composition?
Conservation Genetics, 8: 743—747.

Deagle, B. E., Tollit, D. J., Jarman, S. N., Hindell, M. A,, Trites, A. W.,
and Gales, N. J. 2005. Molecular scatology as a tool to study diet:
analysis of prey DNA in scats from captive Steller sea lions.
Molecular Ecology, 14: 1831-1842.

R. T. Barrett et al.

Degraer, S., Vincx, M., Meire, P., and Offringa, H. 1999. The macro-
zoobenthos of an important wintering area of the common
scoter Melanitta nigra. Journal of the Marine

Association ofthe UK, 79: 243-251.

Dekinga, A., and Piersma, T. 1993. Reconstructing diet composition
on the basis of faeces in a mollusc-eating wader, the knot
Calidris canutus. Bird Study, 40: 144-156.

Dellinger, T., and Trillmich, F. 1988. Estimating diet composition from
scat analysis in otariid seals (Otariidae): is it reliable? Canadian
Journal of Zoology, 66: 1865-1870.

Derby, C. E., and Lowom, J. R. 1997. Comparison of pellets versus
collected birds for sampling diets of double-crested cormorants.
Condor, 99: 549-553.

Dierschke, A-K., and Hiippop, 0 .2003. Langfristige Verdnderungen in
der Erndhrung von Silbermdwen (Larus argentatus) auf Helgoland
unter dem Einfluss der Fischerei mit Vergleichen zur Heringsmowe
(Larus fuscus). Seevogel, 24: 3-15.

Duffy, D., and Jackson, S. 1986. Diet studies of seabirds: a review of
methods. Colonial Waterbirds, 9: 1-17.

Emslie, S. D., Fraser, W,, Smith, R. C., and Walker, W. 1998.
Abandoned penguin colonies and environmental change in the
Palmer Station area, Anvers Island, Antarctic Peninsula. Antarctic
Science, 10: 257-268.

Erikstad, K, E., Fauchald, P., Tveraa, T., and Steen, H. 1998. On the
cost of reproduction in long-lived birds; the influence of environ-
mental variability. Ecology, 79: 1781-1788.

Favero, M., Silva, R. M. P., and Mauco, L. 2000. Diet of royal
(Thalasseus maximus) and sandwich (T. sandvicensis) tems
during the austral winter in the Buenos Aires Province,
Argentina. Omithologia Neotropical, 11: 259-262.

Field, J. C., Dick, E. J.,, Key, M., Lowry, M., Lucero, Y., MacCall, A.,
Pearson, D., et al. 2007. Population dynamics of an unexploited
rockfish (Sebastes jordani) in the California Current. /n Biology,
Assessment, and Management of North Pacific Rockfishes, pp.
451—472. Ed. by J. Heifetz, J. DiCosimo, A. J. Gharrett, M. S.
Love, V. M. O’Connell, and R. D Stanley. Alaska Sea Grant
College Program AK-SG-07-01. 560 pp.

Finney, S. K-, Wanless, S., Harris, M. P., and Monaghan, P. 2001. The
impactofgulls on puffin reproductive performance: an experimen-
tal test of two management strategies. Biological Conservation, 98:
159-165.

Frederiksen, M., Wanless, S., Harris, M. P., Rothery, P., and Wilson, N.
J. 2004. The role of industrial fisheries and environmental change
in the decline of North Sea black-legged kittiwakes. Journal of
Applied Ecology, 41: 1129-1139.

Freeman, A. N. D., and Smith, P. J. 1998. Iso-electric focusing and the
identification of fisheries’ waste in the diet of Westland petrels
(Procellaria westlandica). New Zealand Journal of Marine and
Freshwater Research, 32: 177-180.

Frengen, O., and Thingstad, P. G. 2002. Mass occurrence of sandeels
(Ammodytes spp.) causing aggregations of diving ducks. Fauna
Norvegica, 22: 32-36.

Fumess, R. W. 1978. Kleptoparasitism by great skuas (Catharacta skua
Briinn) and Arctic skuas (Stercorarius parasiticus L.) at a Shetland
seabird colony. Animal Behaviour, 26: 1167-1171.

Furness, R. W. 2002. Management implications of interactions
between fisheries and sandeel-depeéndent seabirds and seals in the
North Sea. ICES Journal of Marine Science, 59: 261-269.

Fumess, R. W. 2003. Impacts of fisheries on seabird communities.
Scientia Marina, 67: 33-45.

Fumess, R. W., and Camphuysen, C. J. 1997. Seabirds as monitors of
the marine environment. ICES Journal of Marine Science, 54:
726-737.

Fumess, R. W, Crane, J., Bearhop, S., Garthe, S., Kdkeld, A., Kékeld, R.,
Kelly, A., et al. 2006. Techniques to link individual migration pat-

terns of seabirds with diet specialization, condition and breeding
performance. Ardea, 94: 631-638.

Biological



Seabird diet study review and recommendations

Furness, R. W., Edwards, A. E., and Oro, D. Influence of management
practices and ofscavenging seabirds on availability of fisheries dis-
cards to benthic scavengers. Marine Ecology Progress Series, in
press.

Fumess, R. W., and Monaghan, P 1987. Seabird Ecology. Blackie,
Glasgow. 164 pp.

Fumess, R. W, and Todd, C. M. 1984. Diets and feeding of fulmars
Fulmarus gladalis during the breeding season: a comparison
between St Kilda and Shetland colonies. Ibis, 126: 379-387.

Gagliardi, A., Martinoli, A., Wauters, L., and Tosi, G. 2003. A floating
platform: a solution to collecting pellets when cormorants roost
over water. Waterbirds, 26: 54-55.

Garthe, S., Grémillet, D., and Furness, R. W. 1999a. At-sea-activity and
foraging efficiency in chick-rearing northern gannets (Sula
bassana): a case study in Shetland. Marine Ecology Progress
Series, 185: 93-99.

Garthe, S., Kubetzki, D., Hiippop, O., and Freyer, T. 1999b. Zur

Silber- und Sturmmoéwe

(Larus fuscus, L. argentatus und L. canus) auf der Nordseeinsel

Amrum wéhrend der Brutzeit. Seevogel, 20: 52-58.

Garthe, S., Montevecchi, W. A., Chapdelaine, G., Rail, J. F,, and Hedd,
A. 2007. Contrasting foraging tactics ofseabirds breeding in differ-
ent oceanographic domains. Marine Biology, 151: 687-694.

Goericke, R., and Fry, B. 1994. Variations of marine plankton 813C
with latitude, temperature and dissolved C 02 in the world ocean.
Global Biogeochemical Cycles, 8: 85-90.

Gonzalez-Solis, J., Oro, D., and Pedrocchi, V. 1997. Bias associated
with diet samples in Audouin’s gulls. Condor, 99: 773-779.

Granadeiro, J. P., Monteiro, L. R., Silva, M. C., and Fumess, R. W.
2002.
Waterbirds, 25: 149-155.

Grémillet, D., and Argentin, G. 1998. Cormorans et pécheries autour
des Iles Chausey. Le Cormoran, 10: 196-202.

Grémillet, D., and Plds, A. 1994. The use of stomach temperature
records for the calculation of daily food intake in cormorants.
Journal of Experimental Biology, 189: 105-115.

Grover, J. J., and Olla, B. L. 1983. The role of the rhinoceros auklet
(Cerorhinca monocerata) in mixed-species feeding assemblages of
seabirds in the Strait of Juan de Fuca, Washington. Auk, 100:
979-982.

Grunsky-Schoneberg, B. 1998. Brutbiologie und Nahrungsdkologie
der Trottellumme (Uria aalge Pont.) auf Helgoland. Okologie der
Vogel (Ecolog)' of Birds), 20: 217-274.

Hald-Mortensen, P. 1995. Danske skarvers (Phalacrocorax carbo sinen-
sis) fodevalgi 1992-1994 baseret péd analyser afgylp fia 23 forskjel-
lige kolonier samt 2 ovemattingspladser. Report from Skov og
Naturstyrelsen, Miljoministeriet. 418 pp.

Hailey, D. J., Harrison, N-, Webb, A., and Thompson, D. R. 1995.
Seasonal and geographical variations in the diet of common guille-
mots Uria aalge off western Scotland. Seabird, 17: 12-20.

Harding, A. M. A., van Pelt, T. L., Piatt, J. F., and Kitaysky, A. S. 2002.
Reduction of provisioning effort in response to experimental
manipulation of chick nutritional status in the homed puffin.
Condor, 104: 842-847.

Hiarkonen, T. 1986. Guide to the Otoliths of the Bony Fishes of the
Northeast Atlantic. Danbiu ApS., Hellerup. 256 pp.

Harris, M. P, and Wanless, S. 1985. Fish fed to young guillemots, Uria
aalge, and used in displays on the Isle of May, Scotland. Journal of
Zoology, London, 207: 441-458.

Harris, M. P., and Wanless, S. 1993. The diet of shags Phalacrocorax
aristotelis during the chick-rearing period assessed by three
methods. Bird Study, 40: 135-139.

Harris, M. P., and Wanless, S. 1995. The food consumption ofyoung
common murres (Uria aalge) in the wild. Colonial Waterbirds, 18:
209-213.

Eméahrungsékologie von Herings-,

Diet of common tems in the Azores, Northeast Atlantic.

1687

Hatch, S. A., and Sanger, G. A. 1992. Puffins as predators on juvenile
pollack and other forage fish in the Gulfof Alaska. Marine Ecology
Progress Series, 80: 1-14.

Hedd, A., and Montevecchi, W. A. 2006. Diet and trophic position of
Leach’s storm-petrel during breeding and molt, inferred from
stable isotope analysis of feathers.
Series, 322: 291-301.

Hilton, G. M., Thompson, D. R., Sagar, P. M., Cuthbert, R. J., Cherel,
Y., and Bury, S. J. 2006. A stable isotopic investigation into the
causes of decline in a sub-Antarctic predator, the rockhopper

Global Change Biology, 12:

Marine Ecology Progress

penguin FEudyptes chrysocome.
611-625.

Hislop, J. R. G., and Harris, M. P. 1985. Recent changes in the food of
young puffins Fratercula arctica on the Isle of May in relation to
fish stocks. Ibis, 127: 234—239.

Hislop, J. R. G., Harris, M. P., and Smith, J. G. M. 1991. Variation in
the calorific value and total energy content of the lesser sandeel
(Ammodytes marinus) and other fish preyed on by seabirds.
Journal of Zoology (London), 224: 501-517.

Hobson, K. A. 1993. Trophic relationships among high Arctic seabirds:
insights from tissue-dependent stable-isotope models. Marine
Ecology Progress Series, 95: 7-18.

Hobson, K. A, and Montevecchi, W. A. 1991. Stable isotopic determi-
nation of the trophic relationships of great auks. Oecologia, 87:
528-531.

Hobson, K. A, Piatt, J. F,, and Pitochelli, J. 1994. Using stable isotopes
to determine seabird trophic level relationships. Journal of Animal
Ecology, 63: 786-798.

Hobson, K. A., and Welch, H. E. 1992. Determination of trophic
relationships within a high Actic marine food web using §13C
and 8,3N analysis. Marine Ecology Progress Series, 84: 9-18.

Hippop, O., and Friindt, A. 2002. Zur Speiballen-Produktion freile-
bender Kormorane (Phalacrocorax carbo) im  Winter.
Jahresbericht des Instituts fiir Vogelforschung, 5: 11.

Iverson, S. J., Field, C., Bowen, W. D., and Blanchard, W. 2004.
Quantitative fatty acid signature analysis: a new method ofestimat-
ing predator diets. Ecological Monographs, 74: 211-235.

Iverson, S.J., Springer, A M., and Kitaysky, A S. Seabirds as indicators
of food web structure and ecosystem variability: qualitative and
quantitative diet analyses using fatty acids. Marine Ecology
Progress Series, in press.

Jackson, S., and Ryan, P. G. 1986. Differential digestion rates ofprey by
white-chinned petrels (Procellaria aequinoctialis). Auk, 103:
617-619.

Jobling, M., and Breiby, A. 1986. The use and abuse of fish otoliths in
studies offeeding habits of marine piscivores. Sarsia, 71: 265-274.

Johansen, R., Barrett, R. T., and Pedersen, T. 2001. Foraging strategies
of great cormorants Phalacrocorax carbo carbo wintering north of
the A ctic Circle. Bird Study, 48: 59-67.

Johnson,J.H., Ross, R. M., and Smith, D. R. 1997. Evidence ofsecond-
ary consumption of invertebrate prey by double-crested cormor-
ants. Colonial Waterbirds, 20: 547-551.

Johnstone, I. G., Harris, M. P, Wanless, S., and Graves,J. A 1990. The
usefulness of pellets for assessing the diet of adult
Phalacrocorax aristotelis. Bird Study, 37: 5—1.

Jost, O. 1975. Fisch-Otolithen in Speiballen der Wasseramsel. Natur
und Museum, 105: 283-286.

Kikeld, A ., Crane, J., Votier, S. C., Furness, R. W., and Kikeld, R. 2006.
Fatty acid signatures as indicators o f diet in great skuas Stercorarius
skua, Shetland. Marine Ecology Progress Series, 319: 297-310.

Kikeld, A., Fumess, R. W., Kelly, A, Strandberg, U., Waldron, S., and
Kikeld, R. 2007. Fatty acid signatures and stable isotopes as dietary
indicators in North Sea seabirds. Marine Ecology Progress Series,
342:291-301.

Kikeld, R., Kikeld, A., Kahle, S., Becker, P. H., Kelly,A , and Furness, R. W.
2005.

shags

Fatty acid signatures in plasma of captive herring gulls as



1688

indicators of demersal or pelagic fish diet Marine Ecology Progress
Series, 293: 191-200.

Karpouzi, V., Watson, R., and Pauly, D. 2007. Modelling and mapping
resource overlap between seabirds and fisheries on a global scale: a
preliminary assessment Marine Ecology Progress Series, 343:
87-99.

Keiji, G., van Roomen, M., and Veldhuijzen van Zanten, H. 1986.
Voedselecologie van de Stoimmeeuw (Larus canus) te Schoorl
1986: Voedseikeuze en fourageerritme in de periode dat de
jongen worden grootgebracht, Instituut lerarenopleiding,
Hogeschool Holland, sektie biologie, Diemen. 64 pp.

Kennedy, G. J. A., and Greer, J. E. 1988. Predation by cormorants,
Phalacrocorax carbo L., on the salmonid populations of an Irish
river. Aquaculture and Fisheries Management, 19: 159-170.

Kingston, S., O ’Connell, M., and Fairley, J. S. 1999. Diet ofotters Lutra
lutra on Inishmore, Aran Islands, west coast of Ireland. Biological
Environment Proceedings of the Royal Irish Academy, 99B:
173-182.

Kube, ). 1996. The ecology of macrozoobenthos and seaducks in the
Pomeranian Bay. Meereswissenschaftliche Berichte, 18: 128.

Kubetzki, U., and Garthe, S. 2003. Distribution, diet and habitat selec-
tion by four sympatrically breeding guii species in the south-
eastern North Sea. Marine Biology, 143: 199-207.

Kubetzki, U., Garthe, S., and Hiippop, O. 1999. The diet of common
gulls Larus canus breeding on the German North Sea coast. Atlantic
Seabirds, 1: 57—70.

Larson, K., and Craig, D. 2006. Digiscoping vouchers for diet studies
in bill-load holding birds. Waterbirds, 29: 198-202.

Lawson, J. W., Anderson, J. T., Dailey, E. L., and Stenson, G. B. 1998.
Selective foraging by harp seals Phoca groenlandica in nearshore
and offshore waters of Newfoundland, 1993 and 1994. Marine
Ecology Progress Series, 163: 1-10.

Leopold, M. F., Baptist, H. J. M., Wolf, P. A., and Offringa, H. 1995. De
Zwarte Zeeéend Melanitta nigra in Nederland. Limosa, 68: 49-64.

Leopold, M. F.,, Spannenburg, P. C., Verdaat, H. J. P,, and Kats, R. K. H.
2007. Identification and size estimation of Spisula subtruncata and
Ensis americanus from shell fragments in stomachs and faeces of
common eiders Somateria mollissima and common scoters
Melanitta nigra. In Common Eiders Somateria mollissima in the
Netherlands. The Rise and Fall of Breeding and Wintering
Populations in Relation to the Stocks of Shellfish, pp. 63-85.
PhD thesis, University of Groningen. 334 pp.

Leopold, M. F.,, and van Damme, C. J. G. 2003. Great cormorants
Phalacrocorax carbo and polychaetes: can worms sometimes be a
major prey of a piscivorous seabird? Marine Ornithology, 31:
75-79.

Leopold, M. F,,van Damme, C. J. G, Philippart, C. J. M., and Winter,
C.J.N.2001. Otoliths ofNorth Sea fish: interactive guide ofidenti-
fication of fish from the SE North Sea, Wadden Sea and adjacent
fresh waters by means of otoliths and other hard parts.
CD-ROM, ETI, Amsterdam.

Leopold, M. F, van Damme, C. J. G., and van der Veer, H. W. 1998.
Diet of cormorants and the impact of cormorant predation on
juvenile flatfish in the Dutch Wadden Sea. Journal of Sea
Research, 40: 93-107.

Leopold, M. F,van Elk, J. F., and van Heezik, Y. M. 1996. Central place
foraging in oystercatchers Haematopus ostralegus: can parents that
transport mussels Mytilus edulis to their young profit from size
selection? Ardea, 84A 311-—325.

Leopold, M. F., Wolf, P. A., and Hiippop, O. 1992. Food ofyoung and
colony-attendance of adult guillemots Uria aalge on Helgoland.
Helgolinder Meeresuntersuchungen, 46: 237-249.

Lewis, S., Wanless, S., Wright, P. J., Harris, M. P., Bull, J., and Elston,
D. A. 2001. Diet and breeding performance of black-legged kitti-
wakes Rissa tridactyla at a North Sea colony. Marine Ecology
Progress Series, 221: 277-284.

R. T. Barrett et al.

Litzow, M. A, Piatt, J. F., Abookire, A. A., Prochard, A. K., and
Robards, M. D. 2000. M onitoring temporal and spatial variability
in sandeel (Ammodytes hexapterus) abundance with pigeon guille-
mot (Cepphus columba) diets. ICES Journal of Marine Science, 57:
976-986.

Lonne, O. J., and Gabrielsen, G. W. 1992, Summer diet, of seabirds
feeding in sea-ice-covered waters near Svalbard. Polar Biology,
12: 685-692.

Lorentsen, S-H., and Anker-Nilssen, T. 1999. Diet of common murres
wintering in northern Skagerrak during 1988-1990: variation with
sex, age and season. W aterbirds, 22: 80-89.

Ludynia, K., Garthe, S., and Luna-Jorquera, G. 2005. Seasonal and
regional variation in the diet of the kelp guii in northern Chile.
Waterbirds, 28: 359-365.

Madureira, L. S. P., Ward, P., and Atkinson, A 1993. Differences in
backscattering strength determined at 120 and 38 kHz for three
species of Antarctic macroplankton. Marine Ecology Progress
Series, 93: 17-24.

Martini, E., and Reichenbacher, B. 1993. Ungewdhnlicher Eintrag von
Fisch-Otolithen in rezente Sedimente bei Helgoland durch
Silberméwen (Larus argentatus). Zitteliana, 20: 379-387.

Mauco, L., and Favero, M. 2005. The food and feeding biology of
common terns wintering in Argentina: influence of environmental
conditions. Waterbirds, 28: 450-457.

Mayr, G. 2004. A partial skeleton of a new fossil loon (Aves,
Gaviiformes) from the early Oligocene of Germany with preserved
stomach content. Journal of Ornithology, 145: 281-286.

McCleery, R. H., and Sibly, R. M. 1986. Feeding specialization and pre-
ference in herring gulls. Journal of Animal Ecology, 55: 245-259.

Mehlum, F. 2001. Crustaceans in the diet of adult common and
Briinnich’s guillemots Uria aalge and U. lomvia in the Barents
Sea during the breeding period. Marine Ornithology, 29: 19-22.

Meijering, M. P. D. 1954. Zur Frage der Variationen in der Erndhrung
der Silbermdwe, Larus argentatus Pont. Adea, 42: 163-175.

Montevecchi, W. A. 1993. Birds as indicators of change in marine prey
stocks. /n Birds as Monitors of Environmental Change, pp.
219—266. Ed. by R. W. Furness, and J. J. J. Greenwood.
Chapman & Haii, London. 356 pp.

Montevecchi, W. A. Binary dietary responses of northern gannets
(Sula bassana) indicate changing food web and oceanographic con-
ditions. Marine Ecology Progress Series, in press.

Montevecchi, W. A, Birt-Friesen, V. L., and Caims, D. K. 1992.
Reproductive energetics and prey harvest by Leach’s storm-petrels
in the northwest Atlantic. Ecology, 73: 823—832.

Montevecchi, W. A, and Piatt, J. F. 1984. Composition and energy
contents of mature inshore spawning capelin (Mallotus villosus):
implications for seabird predators.
and Physiology A, 67: 15-20.

Montevecchi, W. A., and Piatt, J. F. 1987. Dehydration effects on the
energy determinations of seabird prey. Canadian Journal of
Zoology', 65: 2822-2824.

Miihlenberg, M. 1989.
Heidelberg. 430 pp.

Naves, L. C., and Vooren, C. M. 2006. Diet of black skimmers in
southern Brazil. Waterbirds, 29: 335-344.

Nehls, G. 1989. Occurrence and food consumption'of the common
eider, Somateria mollissima, in the Wadden Sea of Schleswig
Holstein. Helgoldnder Meeresuntersuchungen, 43: 385-393.

Comparative Biochemistry

Freilandokologie. Quelle and Meyer,

Nehls, G., and Ketzenberg, C. 2002. Do eiders, Somateria mollissima,
exhaust their food resources? A study on natural mussel Mytilus
edulis beds in the Wadden Sea. Danish Review of Game Biology,
16: 47-61.

Neves, V. C., Bolton, M., and Monteiro, L. R. 2006. Validation of the
water offloading technique for diet assessment: an experimental
study with Cory’s shearwaters (Calonectris diomedea). Journal of
Ornithology, 147: 474-478.



Seabird diet study review and recommendations

Niebuhr, V. 1983. Feeding strategies and incubation behavior of wild
herring gulls: an experiment using operant feeding boxes. Animal
Behaviour, 31: 708-717.

Noordhuis, R., and Spaans, A. L. 1992. Interspecific competition for
food between herring Larus argentatus and lesser black-backed
gulls L. fuscus in the Dutch Wadden Sea area. Ardea, 80: 115—132.

Ojowski, U., Eidtmann, C., Furness, R. W., and Garthe, S. 2001. Diet
and nest attendance of incubating and chick-rearing northern
fulmars (Fulmarus glacialis) in Shetland. Marine Biology, 139:
1193-1200.

Oimos, V., Aragoneses, J., Echevarrias, J. L., and Oltra, R. 2000.
Composicion de la dieta e impacto del Cormoran grande
(Phalacrocorax carbo sinensis) durante la invernada en las Salinas
de Santa Pola, Alicante, este de Espafia. Ardeola, 47: 227—236.

Orians, G. H., and Pearson, N. E. 1979. On the theory of central place
foraging. In Analysis of Ecological Systems, pp.154-177. Ed. by
D. J. Horn, R. D. Mitchell, and G. R. Stairs. Ohio State
University Press, Columbus. 312 pp.

Ormerod, S. J,, and Tyler, S. f. 1991. Exploitation of prey by a river
bird, the dipper Cinclus cinclus (L.), along acidic and circumneutral
streams in upland Wales (UK). Freshwater Biology, 25: 105-116.

Ouwehand, J., Leopold, M. F., and Camphuysen, C. J. 2004. A com-
parative study of the diet of guillemots Uria aalge and razorbills
Alca torda killed during the Tricolor oil incident in the south-
eastern North Sea in January 2003. Atlantic Seabirds (Special
issue), 6: 147-166.

Pauly, D., Christensen, V., Dalsgaard, J., Froese, R., and Torres, F. 1998.
Fishing down marine food webs. Science, 279: 860-863.

Pauly, D., Watson, R., and Alder, J. 2005. Global trends in world fish-

impacts on marine ecosystems and food security.
Philosophical Transactions of the Royal Society of London B -
Biological Sciences, 360: 5-12.

Phillips, R. A., Silk, J. R. D., Croxall, J. P., and Afanasyev, V. 2006.
Year-round distribution of white-chinned petrels from South
Georgia: relationships with oceanography and fisheries.
Biological Conservation, 129: 336-347.

Piatt, J. F. 1990. The aggregative response of common murres and
Atlantic puffins to schools of capelin. Studies in Avian Biology,
14: 36-51.

Pierce, G. J., Boyle, P. R., and Diack, J. S. W. 1991. Identification offish
otoliths and bones in faeces and digestive tracks ofseals. Journal of
Zoology London, 224: 320-328.

Pierce, G. J., Diack, J. S. W., and Boyle, P. R. 1990. Application of ser-
ological methods to identification offish prey in diets ofseals and
dolphins. Journal of Experimental Marine Biology and Ecology,
137: 123-140.

Pierotti, R., and Annett, C. A. 1987. Reproductive consequences of
dietary specialization and switching in an ecological generalist. /n
Foraging Behavior, pp. 417-442. Ed. by 4. C. Kamil, J. R. Krebs,
and H. R, Pulliam. Plenum Press, New York. 676 pp.

Pierotti, R., and Annett, C. A 1991. Diet choice in the herring guii:
constraints imposed by reproductive and ecological factors.
Ecology, 72: 319-328.

Pinkas, L. 1971. Food habits study. /n Food Habits ofAbacore, Bluefin
Tuna and Bonito in California Waters, pp. 5—I10. Ed. by L. Pinkas,
M. W. Oliphant, and I. L. K. Iverson. California Department of
Fish and Game,“Fishery Bulletin 152. 105 pp.

Pitcher, K. W. 1980. Stomach contents and faeces as indicators of
harbor seal, Phoca vitulina, diets in the Gulf of Aaska. Fishery
Bulletin US, 78: 797-798.

Pons, M. 1994. Feeding strategies of male and female herring gulls
during the breeding season under various feeding conditions.
Ethology, Ecology and Evolution, 6: 1-12.

Pons, J-M-, and Migot, P. 1995. Life-history strategy of the herring
guii: changes in survival and fecundity in a population subjected
to various feeding conditions. Journal of Animal Ecology, 64:
592-599.

eries:

1689

Prime, J. H., and Hammond, P. S. 1987. Quantitative assessment of
gray seal diet from fecal analysis. /n Approaches to Marine
Mammal Energetics, pp. 165-181. Ed. by A. C. Huntley, D. P.
Costa, G. A J. Worthy, and M. A Castellini. Society for Marine
Mammalogy Special Publication 1. 253 pp.

Piitz, K. 1995. The post-moult diet of emperor penguins (Aptenodytes
Sforsteri) in the eastern Weddel Sea, Antarctica. Polar Biology, 15:
457-463.

Rand, R. W. 1960. The biology of guano producing seabirds. The dis-
tribution, abundance and feeding habits of the Cape penguin,
Spheniscus demersus, off the south-western coast of the Cape
Province. Investigational Report Division of Fisheries South
Arica, 41. 28 pp.

Ratcliffe, N., Richardson, D., Lidstone Scott, R., Bond, P. J., Westlake,
C., and Stennett, S. 1997. Host selection, attack rates and success
rates for black-headed guii kleptoparasitism of terns. Colonial
Waterbirds, 20: 227-234.

Rau, G. H., Sweeney, R. E., and Kaplin, I. R. 1982. Plankton )3C:12C
ratio changes with latitude: differences between northern and
southern oceans. Deep Sea Research, 29: 1035-1039.

Reed, J. Z., Tollit, D. J., Thompson, P. M., and Amos, W. 1997.
Molecular scatology: the use of molecular genetic analysis to
assign species, sex and individual identity to seal faeces.
Molecular Ecology, 6: 225-234.

Rodway, M. S., and Cooke, F. 2002. Use of fecal analysis to determine
seasonal changes in the diet of wintering harlequin ducks at a
herring spawning site. Journal of Field Ornithology, 73: 363-371.

Rodway, M. S., and Montevecchi, W. A 1996. Sampling techniques for
assessing the diets of Atlantic puffin chicks. Marine Ecology
Progress Series, 144: 41 -55.

Roth, J. E., Mills, K. L., and Sydeman, W. J. 2007. Chinook salmon
(Oncorhynchus tshaw)nscha) - seabird covariation off central
California and possible forecasting applications. Canadian
Journal of Fisheiy and Aquatic Sciences, 64: 1080-1090.

Rowe, S., Jones, I. L., Chardine, J. W., Elliot, R. D., and Veitch, B. G.
2000. Recent changes in the winter diet of murres (Uria spp.) in
coastal Newfoundland waters. Canadian Journal of Zoology, 78:
495-500.

Russell, A F., Wanless, S., and Harris, M. P. 1995. Factors affecting the
production ofpellets by shags Phalacrocorax aristotelis. Seabird, 17:
44-49.

Ryan, P. G., and Jackson, S. 1986. Stomach pumping: is killing seabirds
necessary? Auk, 103: 427-428.

Sanger, G. A., and Hatch, S. A. 1987. Diets of nestling tufted puffins
(Fratercula cirrhata) in the Gulf of Aaska and Eastern Aeutian
Islands in 1986. Aaska Fish and Wildlife Research Center,
Seabird Research Team Field Report, April 1987. US Fish and
Wildlife Service, Anchorage. 23 pp.

Scheiffarth, G. 2001. The diet ofbar-tailed godwits Limosa lapponica in
the Wadden Sea: combining visual observations and faeces ana-
lyses. Adea, 89: 481-494.

Schneider, D. C., and Hunt, G. L. 1982. Carbon flux to seabirds in
waters with different mixing regimes in the southeastern Bering
Sea. Marine Biology, 67: 337-344.

Schwemmer, P., and Garthe,-S. 2005. At-sea distribution and beha-
viour of a surface-feeding seabird, the lesser black-backed guii
Larus fuscus, and its association with different prey. Marine
Ecology Progress Series, 285: 245-258.

Schwemmer, P., and Garthe, S. 2006. Spatial patterns in at-sea beha-
viour during spring migration by little gulls (Larus minutus) in
the south-eastern North Sea. Journal of Ornithology, 147
354-366.

Shealer, D. A. 1998. Differences in diet and chick provisioning between
adult roseate and sandwich tems in Puerto Rico. Condor, 100:
131-140.



1690

Skov, H., Durinck, J., and Danielsen, F. 1989. Sammenfaldende fore-
komst meEem sakonger Alle alle og glaskuthng Aphya minuta i
Fleklcefjord, Sydnorge, novemberl988. Pelagicus, 4: 22-24.

Sonntag, N., and Hiippop, O. 2005. Snacks from the depth: summer
and winter diet of common guillemots Uria aalge around the
Island of Helgoland. Atlantic Seabirds, 7: 1-14.

Spaans, A. L. 1971. On the feeding ecology of the herring guii Larus
argentatus Pont, in the northern part of the Netherlands. Ardea,
59: 73-188.

Stenhouse, I. J., and Montevecchi, W. A. 1996. W inter distribution and
“wrecks” of dovekies in the Northwest Atlantic. Sula, 10: 219-228.

Stienen, E. W. M., Courtens, W., and Van de Walle, M. 2007.
Population dynamics of guEs and tems. /n Higher Trophic Levels
in the Southern North Sea (Trophos). 2, Global Change,
Ecosystems and Biodiversity, pp. 53-71. Ed. by M. Vinae, E.
Kuijken, and F. Volckaert. Belgium Science Policy, Brussels. 88 pp.

Suter, W., and Morel, P. 1996. PeEet analysis in the assessment of great
cormorant Phalacrocorax carbo diet: reducing biases from otolith
wear when reconstructing fish length. Colonial Waterbirds, 19:
280-284.

Swanson, G. A., Krapu, G. L., Bartonek, J. C., Serie, J. R., and Johnson,
D. H. 1974. Advantages in mathematically weighting waterfowl
food habits data. Journal of Wildlife Management, 38: 302-307.

Swennen, C. 1971. Het voedsel van de Groenpootruiter Tringa nebu-
laria tijdens het verblijf in het Nederlandse Waddengebied.
Limosa, 44: 71—83.

Swennen, C. 1976. Populatiestructuur en voedsel van de Eidereend
Somateria mollissima in de Nederlandse Waddenzee. Ardea, 64:
311-371.

Sydeman, W. J., Hobson, K. A., Pyle, P, and McLaren, E. B. 1997.
Trophic relationships among seabirds in central California: com-
bined stable isotope and conventional dietary approach. Condor,
99: 327-336.

Tasker, M.. L., Camphuysen, C. J., Cooper, J., Garthe, S., Montevecchi,
W. A., and Blaber, S. J. M. 2000. The impacts of fishing on marine
birds. ICES Journal of Marine Science, 57: 531-547.

Taylor, A. J., and O ’HaEoran, J. 1997. The diet of tire dipper Cinclus
cinclus as represented by faecal and regurgitate peEets: a compari-
son. Bird Study, 44: 338—347.

Thompson, D. R., Fumess, R. W., and Lewis, S. A. 1995. Diets and
long-term changes in the SIN and S13C values in northern
fulmars from two northeast Atlantic colonies. Marine Ecology
Progress Series, 125: 3-11.

Tollit, D. J., Heaslip, S. G., ZeppeEn, T. K., Joy, R., Call, K. A., and
Trites, A. W. 2004. A method to improve size estimates of
waEeye poEock (Theragra chalcogramma) and Atka mackerel
(Pleurogrammus monopterygius) consumed by pinnipeds: digestion
correction factors apphed to bones and otoliths recovered from
scats. Fishery Bulletin US, 102: 498-508.

ToEit, D. J., and Thompson, P. M. 1996. Seasonal and between-year
variations in the diet of harbour seals in the Moray Firth,
Scotland. Canadian Journal of Zoology, 74: 1110-1121.

Trauttmansdorff, J., and Wassermann, G. 1995. Number ofpeEets pro-
duced by immature cormorants Phalacrocorax carbo sinensis.
Ardea, 83: 133-134.

Van Heezik, Y. M., and Seddon, P. 1989. Stomach sampling in the
yeEow-eyed penguin: erosion of otohths and squid beaks. Journal
of Field Ornithology, 60: 451-458.

Veen, J. 1977. Functional and causal aspects of nest distribution in
colonies of the sandwich tem (Sterna s. sandvicensis). Behaviour
Supplement, 20. 193 pp.

Veen, J., Peeters, J., Leopold, M. F,, van Damme, C. J. G., and Veen, T.
2003. Les oiseaux piscivores comme indicateurs de la qualité de
P’environnement marin: suivi des effets de la péche Ettorale en
Afrique du Nord-Ouest. Alterra Report, 666. 190 pp.

Veit, R. R. 1999. Behavioral responses by foraging petrels to swarms of
Antarctic kriE. Ardea, 87: 41-50.

R. T. Barrett et al

Veit, R. R., SEverman, E. D., and Everson, I. 1993. Aggregation pat-
terns of pelagic predators and their principal prey, Antarctic kriE,
near South Georgia. Journal of Animal Ecology, 62: 551-564.

Votier, S. C., Bearhop, S., Crane, J. E., Arcos, J. M., and Fumess, R. W.
2007. Seabird predation by great skuas Stercorarius skua -
intra-specific competition for food? Journal of Avian Biology, 38:
234-246.

Votier, S. C., Bearhop, S., MacCormick, A., RatcEffe, N. R., and
Fumess, R. W. 2003. Assessing the diet of great skuas, Catharacta
skua, using five different techniques. Polar Biology, 26: 20-26.

Votier, S. C., Bearhop, S., RatcEffe, N., and Fumess, R. W. 2001. PeEets
as indicators ofdiet in great skuas Catharacta skua. Bird Study, 48:
373-376.

Votier, S. C., Crane, J. E., Bearhop, S., de Leon, A., McSorley, C,,
Minguez, E., MitcheE, 1., et al. 2007. Nocturnal foraging by great
skuas Stercorarius skua: impHcations for conservation of storm-
petrel populations. Journal of Ornithology, 147: 405-413.

Votier, S. C., Fumess, R. W., Bearhop, S., Crane, J. E., Caldow,
R. W. G., Catry, P., Ensor, K., et al. 2004. Changes in fisheries
discard rates and seabird communities. Nature, 427: 727-730.

Walter, C. B.,and O'NeiE, E. 1986. Electrophoresis in the study ofdiets
and digestive rates of seabirds. Comparative Biochemistry and
Physiology, 84A: 763-765.

Walter, C. B., O’NeiE, E., and Kirby, R. 1986. “ELISA” as an aid in the
identification offish and moEuscan prey ofbirds in marine ecosys-
tems. Journal of Experimental Marine Biology and Ecology, 96:
97-102.

Wanless, S., Daunt, F., Camphuysen, C. J., Greenstreet, S., and
Humphreys, L. 2005a. Setting the scene (4): seabirds in the Wee
Bankie area. In Understanding Marine Foodweb Processes: an
Ecosystem Approach to Sustainable Sandeel Fisheries in the
North Sea, pp. 88-134. Ed. by C. J. Camphuysen. IMPRESS
Final Report. NIOZ-rapport 20057-5. 240 pp.

Wanless, S., Frederiksen, M., Daunt, F., Scott, B. E., and Harris, M. P.
2007. Black-legged kittiwakes as indicators of environmental
change in the North sea: evidence from
Progress in Oceanography, 72: 30-38.

Wanless, S., Harris, M. P., Redman, P., and Speakman, J. R. 2005b. Low
energy values of fish as a probable cause of a major seabird breed-
ing faEure in the North Sea. Marine Ecology Progress Series, 294:
1- 8.

Wanless, S., Wright, P. J., Harris, M. P, and Elston, D. A. 2004.
Evidence for decrease in size of lesser sandeels Ammodytes
marinus in a North Sea aggregation over a 30-yr period. Marine
Ecology Progress Series, 279: 237-246.

Warham, J. 1996. The Behaviour, Population Biology and Physiology
oftire Petrels. Academic Press, San Diego. 613 pp.

Watanuki, Y., Takahashi, A., Daunt, R, Sato, K., Miyazaki, N., and
Wanless, S. 2007. Underwater images from bird-bome cameras
provide clue to poor breeding success of shags in 2005. British
Birds, 100: 466-470.

Watt, J., Pierce, G. J., and Boyle, P. R. 1997. Guide to the identification
of North Sea fish using premaxElae and vertebrae. ICES
Cooperative Research Report, 220. 231 pp.

long-term studies.

Weimerskirch, H. 1998. How can a pelagic seabird provision its chick
when relying on a distant food resource? CycEc attendance at the
colony, foraging decision and body condition in sooty shearwaters.
Journal of Animal Ecology, 67: 99-109.

Wietfeld, J. 1977. Untersuchungen an SpeibaEen der SEbermoéwe
(Larus argentatus) im Naturschutzgebiet GroBer Knechtsand
(Elbe-Weser-Miindung). Vogelwelt, 98: 221-229.

WEson, L. J.,, Daunt, F., and Wanless, S. 2004. Self-feeding and chick-
provisioning diet differ in the common guElemot Uria aalge.
Ardea, 92: 197-208.

Wilson, R. P. 1984. An improved stomach pump for penguins and
other seabirds. Journal of Field Ornithology, 55: 109-112.



Seabird diet study review and recommendations

Wilson, R. P., Cooper, J., and Plotz, J. 1992. Can we determine when
marine endotherms feed: a case study with seabirds. Journal of
Experimental Biology, 167: 267-275.

Wilson, R. P, Piitz, K., Grémillet, D., Culik, B. M., Kierspel, M., Regel,
J., Bost, C. A., et al. 1995. Reliability of stomach temperature
changes in determining feeding characteristics of seabirds.
Journal of Experimental Biology, 198: 1115-1135.

Wilson, R. P, Steinfurth, A., Ropert-Coudert, Y., Kato, A., and Kurita,
M. 2002. Lip-reading in remote subjects: an attempt to quantify
and separate ingestion, breathing and vocalisation in free-living
animals using penguins as a model. Marine Biology, 140: 17-27.

1691

Ydenberg, R. 1994. The behavioural ecology of provisioning in birds.
Ecoscience, 1: 1-14.

Yoccoz, N. G., Nichols, J. D., and Boulinier, T. 2001. Monitoring bio-
logical diversity in space and time. Trends in Ecology and
Evolution, 16: 446-453.

Zijlstra, M., and van Eerden, M . R. 1995. Pellet production and the use

of otoliths in determining the diet of cormorants Phalacrocorax
carbo sinensis: trials with captive birds. Ardea, 83: 123-131.

doi:10.1093/icesjms/fsm152






