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ABSTRACT: Individual migratory schedules and wintering areas of northern gannets Morus bas-
sanus were studied over 2 consecutive winters by deploying geolocation data loggers on breeding
adults from the Bass Rock, UK. Northern gannets attended the breeding colony on Bass Rock until
between 24 September and 16 October (median: 5 October). Afterwards, individual birds engaged in
different migratory behaviour. Of the 22 birds tracked until at least December, 18 % wintered in the
North Sea and the English Channel, 27 % in the Bay of Biscay and the Celtic Sea, 9 % in the Mediter-
ranean Sea and 45 % off West Africa. Individual winter home ranges as measured by the 75 % kernel
density contours varied between 8100 and 308 500 km? (mean = 134 000 km?). Several northern gan-
nets migrated northwards from Bass Rock after leaving the colony for a stay of a few days to a few
weeks, independent of whether they migrated to Africa or other southern areas later. Birds wintering
off West Africa migrated to their wintering areas mostly within 3 to 5 wk, usually starting between
early and late October. Most of these birds stayed off West Africa for a period of about 3 mo, where
they remained in a relatively restricted area. Return migration was initiated between the end of Jan-
uary and mid-February, and took about as long as autumn migration. We conclude that individual
gannets display very variable migratory behaviours, with discrete winter home ranges, and we infer
that the migration habits of gannets may be changing in response to human impacts on marine
ecosystems.

KEY WORDS: Seabird - Migration - Winter - Geolocation - Home range - Fisheries

Resale or republication not permitted without written consent of the publisher

INTRODUCTION ship-based surveys with mostly patchy survey effort.
Ring recoveries give a valuable overview of the migra-
tion of species, but suffer from strongly varying spatial

and temporal effort during re-sightings. Most ring

Bird migration is a well-known and widespread phe-
nomenon occurring on all continents and involving

most bird taxa (Berthold 2001). While passerine and
shorebird species perform well-defined migrations
from distinct breeding areas to wintering areas, such
migration habits are less obvious for many seabirds.
Studying migration and winter distribution in seabirds
is difficult, as these phenomena take place at sea and
often involve huge distances, and are logistically very
challenging. Most information on seabird migration
has so far been based on ring recoveries and thus
mainly on land-based recoveries of dead birds, or on
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recoveries originate from dead birds, informing us of
the places where the birds died, rather than where
they were living successfully. Recoveries may also be
from places where the carcasses have been washed
ashore and not necessarily where the birds died. Sys-
tematic studies of coastal seabird migration (‘sea-
watching’; e.g. Camphuysen & van Dijk 1983) and
seabirds at sea censuses (e.g. Tasker et al. 1984) tend
to give a biased pattern of the migratory behaviour
because observation effort cannot be kept similar over

© Inter-Research 2009 - www.int-res.com



258 Mar Ecol Prog Ser 391: 257-265, 2009

vast areas, especially in the open sea, and seawatching
data may be very weather dependent. Furthermore,
the status and origin of individuals cannot be assessed,
which could mean that birds found at sea in winter
could breed in any colony of the respective species.
Recent studies using data loggers have provided new
insights into the migratory behaviour of large- and
medium-sized seabirds such as penguins (e.g. Wilson
et al. 1998), albatrosses (e.g. Grémillet et al. 2000,
Phillips et al. 2005), shags (Daunt et al. 2006), shearwa-
ters (Shaffer et al. 2006), petrels (Phillips et al. 2006,
Rayner et al. 2008) and skuas (Phillips et al. 2007). The
advantages of these devices is that geographic posi-
tions and behavioural parameters can be obtained
without the need to watch the birds directly. Such
devices have also substantially increased our knowl-
edge on the individual behaviour of birds. Grémillet et
al. (2000) and Weimerskirch & Wilson (2000) found that
albatrosses may exhibit distinct home range prefer-
ences during the non-breeding seasons that may or
may not overlap with those of other individuals.
Phillips et al. (2005) determined a high degree of site
fidelity in grey-headed albatrosses Thalassarche
chrysostoma, thus confirming winter site philopatry.
Likewise, at much smaller spatial scales, consistent
individual preferences for specific foraging areas or
departure directions were found for black-legged kitti-
wakes Rissa tridactyla (Irons 1998) and northern gan-
nets Morus bassanus (Hamer et al. 2001) during the
breeding season. In Cory's shearwaters Calonectris
diomedea, breeding populations clearly differed in
their preference amongst their 3 major wintering areas,
but showed substantial mixing (Gonzalez-Solis et al.
2007).

Northern gannets are long-lived seabirds for which
distribution and migratory movements have been doc-
umented from different data sources. Ring recoveries
indicate that European adult northern gannets winter
within a range from the North Sea, close to their main
breeding sites, to southern Europe, with a high propor-
tion of ring recoveries in winter in the North Sea, Celtic
Sea and Bay of Biscay (Wernham et al. 2002). The
Mediterranean Sea is also visited regularly in autumn
and winter (Nelson 2002). Seawatching studies have
revealed seasonal patterns in migratory and local
movements of gannets at a few, selected coastal sites.
These migratory patterns show periods of high migra-
tion intensity in autumn and spring and much smaller
movements at other times of the year (Camphuysen &
van Dijk 1983), suggesting that migration is concen-
trated in certain periods of the year, but also that it
varies over a few weeks among individuals and be-
tween years. Line transect surveys of seabird densities
at sea have described the distribution of gannets over
large areas of NW Europe, with particular focus on the

North Sea (Stone et al. 1995). These at-sea surveys
demonstrate that adult gannets occur regularly in win-
terin the North Sea (e.g. Tasker et al. 1985), but also on
the small continental shelf off (North-) West Africa
(Camphuysen & van der Meer 2005). Distribution pat-
terns in the North Sea suggest alternative migratory
routes in autumn and spring (Tasker et al. 1985). From
observations in their principal North Sea breeding
colony, the Bass Rock, Nelson (2002) found that
northern gannets depart from late October to mid-
November (Nelson 2002) and return there ‘over a short
period in mid-March' (J. Nelson pers. comm. in Tasker
et al. 1985), although some individuals may return as
early as January (Nelson 2002). The mean laying date
is around mid-April, incubating takes about 6 wk, and
chick-rearing, 13 wk (Nelson 2002).

Whilst data from ringing recoveries and at-sea sur-
veys have provided useful insights into the winter dis-
tribution of gannets, a detailed understanding of indi-
vidual migration and wintering strategies can only be
achieved by attaching data loggers to individual birds
over the non-breeding period. The wide range of win-
tering areas suggests that adult individuals show dif-
ferences in their wintering areas and movements even
when originating from the same breeding colony. We
thus hypothesised that northern gannets from Bass
Rock: (1) use different sea areas in winter, (2) spend
the winter in rather restricted individual areas instead
of migrating larger distances, and (3) exhibit individual
routes and timing of migration. We investigated these
hypotheses by deploying miniaturised electronic data
loggers on chick-rearing adult gannets late in the
breeding period at Bass Rock. Loggers were recovered
early in the subsequent breeding season, yielding
detailed information on individual over-winter move-
ments. We discuss why gannets chose different winter-
ing areas and how these are related to natural and
anthropogenic variables.

MATERIALS AND METHODS

Data logger description. To study the movements
over the non-breeding period, we deployed geoloca-
tion data loggers (GeoLT; Earth & Ocean Technolo-
gies) on breeding adult northern gannets Morus bas-
sanus from Bass Rock. The device was housed in a
pressure-tight, seawater-resistant casing (diameter:
14 mm; length: 45 mm; weight: 8.2 g, equivalent to ca.
0.3% of the bird body mass) and attached to a custom-
built leg band. Times of dawn and dusk were deter-
mined from a light sensor, allowing geographic posi-
tion to be calculated from day length and time of local
midday and midnight (e.g. Wilson et al. 1992, Hill
1994, Ekstrom 2004). The device's maximum sensitiv-
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ity was optimized for wavelengths penetrating deepest
into clear coastal water, which minimizes the influence
of submergence or atmospheric conditions, such as
clouds or dust. Light levels were measured every 30 s,
allowing the device to operate for 1 yr while providing
2 positional fixes per day. In addition to the light mea-
surement, the GeoLT recorded ambient temperatures,
(every 120 s) throughout deployment.

Data logger deployment and working period. Chick-
rearing adult northern gannets on Bass Rock, Firth of
Forth, Scotland (56.078°N, 2.639°W) were equipped
with geolocation loggers over 2 winter seasons; 15
devices were deployed in August 2002, and 26 devices
were deployed on different individuals in August 2003.
Of these, 13 were retrieved in April and May 2003 (first
season), and 21 in April and May 2004 (second season).
Tags were only recovered in accessible areas of the
colony, but this allowed a high recovery rate, because
almost all birds that were re-trapped nested at the
same site in successive seasons (see Nelson 2002 for
nest site fidelity).

Not all of the 34 loggers recovered functioned
throughout the whole period of deployment. For both
years combined, 65, 32 and 18 % of the devices worked
until 30 November, 31 January and 31 March, respec-
tively.

For all birds recaptured after the second season, sex
was determined from blood samples using standard
molecular methods (Griffiths et al. 1998).

Data logger analysis. The light data were analysed
using MultiTrace Geolocation from Jensen Software
Systems. Light levels were calibrated for sunrise and
sunset from known locations (colony) and then
applied to the whole dataset. Since our focus was on
migratory movements rather than at-colony activity,
analysis was restricted to the period from colony
departure to colony return. Colony attendance was
derived from logger temperature profiles, since they
differ between birds on land and those in air or on
water (for details see e.g. Wilson et al. 1995, Garthe
et al. 2003).

Conventional geolocation analysis by light curves is
hampered by inaccuracy of latitude estimation during
equinoxes (e.g. Wilson et al. 1992, Hill 1994), such that
reliable position determination during these periods
is not directly possible. Also, latitude estimates are
usually less accurate than longitude estimates. The
achievable accuracy of this technique essentially
depends on season and actual latitude and lies, for
flying seabirds, in the order of 200 to 400 km (Phillips
et al. 2004, Shaffer et al. 2005). To improve or generate
latitude estimates we compared logger-measured sea
surface temperatures (SSTs) with remotely sensed
satellite SSTs using methods described by Teo et al.
(2004) that have been validated for applications on

seabirds (Shaffer et al. 2005). These methods work
well in areas featuring north—south temperature gradi-
ents. Using these procedures, many positions from the
equinox period were recovered. Furthermore, posi-
tions from other periods of the year were evaluated as
well, and SST-corrected positions were taken where
appropriate. The method of SST correction worked
well in all areas except off West Africa due to strong
east—west temperature gradients on the narrow conti-
nental shelf. In these cases, the original latitude values
were retained. Furthermore, we filtered all datasets by
excluding all positions that were >700 km apart from
the previous position based on the average flight speed
of long-distance gannet flights of 58.4 km h™! (Garthe
et al. 2007) and unpublished data showing that our
birds flew during <50 % of the 24 h day. As latitude
values vary more than longitude values, even after the
correction procedures mentioned above (the present
analysis), we smoothed latitude values (see e.g. Piitz
2002) for migration and home range analysis (see
below) by averaging data over 5 consecutive measure-
ments. The 5 positions were weighted by a ratio of
3:2:1 for the current:last/next:previous-to-last/subse-
quent-to-next positions, respectively, to balance be-
tween the characteristics of the current day and pos-
sible improvements of the location by the adjacent
measurements.

Latitude was chosen as the best indicator of migra-
tory movements, since all birds migrated more or less
due south. A smoothed latitude value was determined
for each bird, for each 5 d period from the moment of
colony departure until colony return or logger failure.

December was chosen as the most suitable time for
‘'winter’, as basically all larger scale movements of gan-
nets had ceased by the end of November and sample
sizes decreased over time due to logger failures. Mean
winter region position was defined as the mean of all
locations obtained during the period 1 to 31 December
(n = 22 individuals). We also calculated winter home
ranges for each of the birds that yielded at least 40
positions from 1 to 31 December (n = 18 individuals).
This number of positions was chosen both to cover the
major part of the month and to guarantee a good
sample size for each of the birds, but also to include
some birds where the logger stopped working in late
December. Because of the low accuracy of the posi-
tional calculations, we decided to use the 75% fixed
kernel density for all positions in that period, using
the Animal Movement Extension for ArcView (Hooge
& Eichenlaub 1997). Data were normalised between
birds by always taking the first 40 positions in Decem-
ber of each individual for which these were available.
Cell size for home range analysis was 10 km. We used
the ad hoc calculation of a kernel smoothing parameter
provided by the Animal Movement Extension, as rec-
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ommended by Hooge & Eichenlaub (1997). We also
compared the individual home range with the com-
bined home ranges for all 18 birds.

Generalised linear models (GLMs) were run to test
for differences in direct distances from colony location
to mean winter region position between years and
sexes, as well as for home range sizes between winter
regions using R 2.7.1 (R Development Core Team 2008).

RESULTS
Device effects

Recovery rates of devices from northern gannets
Morus bassanus after 3 quarters of a year were very
high (87 % after the first winter and 81 % after the sec-
ond winter), despite difficulties of landing on Bass
Rock, which limited our search effort. Furthermore,
these return rates were likely underestimates, as only a
small part of the colony could be checked for birds with
loggers, and at any single visit we could expect about
half of the birds with loggers to be at sea rather than at
the nest. Re-sightings were made only during 5 visits,
each lasting 1 to 3 h, in the early summers of 2003 and
2004. All birds with loggers that were seen breeding in
the season after first capture were re-
captured easily, and only 1 bird showed
minor abrasions on the foot/leg where
the device was attached. Only 1 gannet
equipped with a logger was seen in the

Wintering areas and winter home ranges

Northern gannets demonstrated individual variabil-
ity in wintering areas. A few birds stayed in the North
Sea, but most of them travelled further south (Table 1),
with several birds going as far south as West Africa or
as far east as the Mediterranean Sea (Fig. 1). From the
22 birds for which the winter region could be deter-
mined, 18 % wintered in the North Sea and the English
Channel; 27 %, in the Bay of Biscay and the Celtic
Sea; 9%, in the Mediterranean Sea; and 45 %, off West
Africa (Table 1). Northern gannets travelled highly
variable distances between colony and winter area
(Table 1). The shortest direct distance between Bass
Rock and the mean winter region position of a bird was
343 km and the largest distance was 4654 km, with
mean (+SD) distances of 2171 + 1722 km in 2002/2003
(n = 10) and 2766 + 1658 km in 2003/2004 (n = 12).
Differences between the 2 years were not significant
(GLM; t=0.814, p = 0.425). Although there was a ten-
dency for females to winter further away from the
breeding colony than males (mean + SD: male = 2485 +
1931 km, n = 6; females = 3024 + 1629 km, n = 5; see
also Table 1), the difference could not be established
statistically (GLM; t = -0.487, n = 11, p = 0.638), pos-
sibly due to the small sample size.

Table 1. Morus bassanus. Winter region, direct distance from colony to mean
winter region position (km) winter home range size (as measured by the 75%
kernel density contour line) and sex of individual northern gannets equipped
with geolocation data loggers on Bass Rock over the winter periods 2002/2003

colony but not recaptured, and that in- and 2003/2004

dividual was the only one (out of 35

known to be alive; 2.9%) that was not Year Bird ID Sex Winter region Distance = Winter

breeding in the second season and did to winter — range

. . region (km) (km?)

not seem to be holding a nest site. There

is no reason to think that this bird was 2002/2003 18 ? West Africa 4654 288300

not breeding due to the presence of the 19 ¢ Bay of Biscay 773 -

1 breedi te of 2.9% 20 ? Bay of Biscay 994 91800
Ogger, as a non-breeding rate ot 2.9% 24 2 Mediterranean Sea 2244 13800

is low compared to rates found among 25 ? North Sea 387 -

many long-lived seabirds (Catry et al. %g Z 11:140:;2 Sea < 211;; gg 288

. ¢ edilerranean s>ea

1998). All 34 birds that Were recaptured 28 2 Waest Africa 4371 116 100

had an egg or a chick in the nest when 29 ? West Africa 4378 31900

recaptured. These recapture rates are 30 ? Bay of Biscay 1014 81400

substantially lower than the average 2003/2004 03 ? Bay of Biscay 1044 139700

; 35 Male West Africa 3167 55500
1 1 1 Lo

annual adult survival rate. It cannot be 36 Female West Africa 4467 70000

resolved at this stage whether this is 37 Male  North Sea 343 308500

due to overlooking birds, due to device 42 Male West Africa 4521 -

loss, due to relocation of nest sites of 43 Female West Africa 3941 82400
. . 45 Male North Sea 608 8100

blI'.dS, or possibly due to elevated mor- 47 2 West Africa 4288 62400

tality. However, complete loss of a de- 48 Female Bay of Biscay 1474 225900

vice plus attachment has been con- gg FMaki we“ ﬁrica ?1{13% 167 800
. . . emale est Africa

firmed for an 1d'ent1ca1 attachmept 51 Male Bay of Biscay 1324 132600

procedure from 1 bird on Helgoland (in All birds 1619000

2009; S. Garthe unpubl. data).
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Fig. 1. Morus bassanus. Movements of individuals (Birds 26, 27, o
50 and 51) equipped with geolocation loggers on Bass Rock, 20

Scotland. Each dot represents 1 (of 2) daily positions. Four exam-
ples for different destinations are shown (the bird IDs correspond
to Table 1): (Bird 26) North Sea and English Channel (10 October
2002 to 1 March 2003), (Bird 51) Bay of Biscay and Celtic Sea (7
October 2003 to 8 February 2004), (Bird 27) Mediterranean Sea
(12 October 2002 to 27 December 2002) and (Bird 50) Atlantic
off West Africa (4 October 2003 to 21 February 2004). The arrow

in top left panel indicates the location of Bass Rock
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Individual winter home ranges as measured by
the 75% kernel density contour line varied between
8100 and 308 500 km?, with a mean (+SD) of 134 000 +
87800 km? (Table 1). Differences between the differ-
ent winter regions (Table 2) were not significant (GLM,;
t=-0.122, p = 0.905), likely because of the small sam-
ple sizes. Individual home ranges of the 18 birds com-
prised 6.8 = 5.4% (range: 0.5 to 19.1 %) of the overall
area of the 18 birds combined. This range is reduced to
0.1 to 4 % when considering the whole biogeographic
sea area from the North Sea to West Africa that is
visited by the birds on migration and in winter.

Migratory schedule and migratory routes

Northern gannets attended the breeding colony on
Bass Rock until between 24 September and 16 October
(n = 24, median: 5 October). Medians differed slightly
between autumn 2002 (7 October, n = 10) and autumn
2003 (3 to 4 October, n = 14). Afterwards, individual
birds engaged in different migratory behaviours. Birds
that migrated south started their main migration on dif-
ferent dates (Fig. 2). Birds that were in the Bay of Biscay
region in December showed variable approaches to the
area, with one bird going to the northern North Sea first
and another bird moving first to the
more southerly Iberian Peninsula (as
early as October). Birds wintering off

before returning to breed (Fig. 2). Of the 20 birds that
migrated to West Africa, the Mediterranean Sea and
the Bay of Biscay/Celtic Sea, 12 left the North Sea
through the English Channel, while the remaining 8
migrated through the seas west of Scotland. In spring,
3 of the 9 gannets with functioning loggers came
through the English Channel and the other 6 flew
along the west coast of Scotland. Looking at the 9 indi-
viduals for which both periods could be tracked, indi-
vidual responses are apparent: 2 birds using the chan-
nel in autumn also used the channel in spring; 3 birds
using the area west of Scotland used the same area in
spring; 1 bird flying south west of Scotland returned
north through the channel, and the remaining 3 birds
were birds that left the North Sea through the channel
and came back west/north of Scotland.

DISCUSSION

Methodology
The method of geolocation involves relatively high
inaccuracies compared to satellite telemetry and GPS

logger technology, with lower errors for non-volant
species (Wilson et al. 2002). Pitz et al. (1998) calcu-

Table 2. Morus bassanus. Sizes of winter home ranges per winter region. See
Table 1 for data on individual birds; n: no of birds

West Africa migrated to their wintering

areas mostly within 3 to 5 wk, usually Wintering region n Meazn SD2 Minimzum Maxin;um
. (km%)  (km?) (km?) (km?)
starting between early and late October
(Fig. 2). Most of these birds stayed off North Sea/English Channel 3 128700 158700 8100 308500
West Africa for a period of about 3 mo Bay of Biscay/Celtic Sea 5 134300 57100 81400 225900
and remained in a relatively restricted Mediterrgnean Sea 2 25100 16000 13800 36400
. . s West Africa 8 109300 83500 31900 288300

area. Return migration was initiated
between the end of January and mid-
February and took about as long as 0
autumn migration (Fig. 2). There was 60-
not much variation in the timing when
birds returned from the different winter 501
regions: 2 March for 1 bird from the =
North Sea, 9 and 12 March for 2 birds EE; 40
from the Bay of Biscay, and 4, 6 and 'g
15 March for 3 birds from West Africa. % 307

Several northern gannets migrated -
northwards from Bass Rock after leav- 207
ing the colony to stay in the northern 101
North Sea and Norwegian Sea for a Mediterranean Sea
few days to a few weeks, independent o WestAflGa =~ == 0 OO OO OO OO0
of whether they migrated to Africa or 20.9 30.910.10 20.10 30.10 9.1119.11 29.11 9.12 1912 29.12 8.1. 18.1. 28.1. 7.2, 17.2. 27.2. 9.3. 19.3.

other southern areas later (Fig. 2).
Similarly, in spring, most birds with
functioning loggers migrated to more
northerly latitudes than their colony

Date (dd.mm)

Fig. 2. Morus bassanus. Timing of movements of individuals showing smoothed
mean latitude for each bird during standardized 5 d periods. The dotted line

indicates latitude of the Bass Rock colony
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lated an error of 31.3 + 30.6 km when comparing light-
based locations and satellite-derived locations for king
penguins Aptenodytes patagonicus. Phillips et al. (2004)
determined, for black-browed albatrosses Thalassarche
melanophrys, an average error without data smooth-
ing of 186 + 114 km for trials on birds and 85 + 47 km
for static trials. Shaffer et al. (2005) found even higher
errors working with 2 albatross species in the North
Pacific. The mean (+SD) difference between light-
based location and satellite-based location was 400 +
298 km. Errors in geolocation positions were reduced
to 202 + 171 km when light-based longitude and SST-
based latitude were combined to establish locations
(Shaffer et al. 2005). Large inaccuracies were also visi-
ble in our raw data sets, and both SST correction and
data filtering are likely to have improved our position
estimates based on findings from Phillips et al. (2004)
and Shaffer et al. (2005).

Winter distribution and home ranges

The large number of birds migrating from Bass Rock
to West Africa is surprising, especially when compared
to the very small number of ring recoveries from
that part of the world (Nelson 2002, Wanless 2002),
although numerous recoveries exist for other species
from the area (Wernham et al. 2002). This also indi-
cates possible changes in the wintering behaviour of
Bass Rock gannets Morus bassanus. Although our
sample sizes are relatively small, the similar results in
both study years support the conclusion that these pat-
terns are representative of the large breeding colony
on Bass Rock in recent years.

Despite some local movements, most individuals
spent the winter period in relatively small, well-
defined winter home ranges. This was particularly true
for the period from early December to mid-January. In
November some birds were still migrating (Fig. 2) (but
at a slower rate than in October), while several birds
had already reached their final destination. These
birds might have sampled other areas for possible win-
tering. The wide range of distinct wintering regions
and the relatively small winter home ranges in com-
parison to the overall wintering area, confirm our first
2 hypotheses: that different gannets migrate to differ-
ent areas and tend to stay in discrete wintering areas.

Migration

Gannets that migrated furthest showed a general
pattern of flying from slightly north of 50°N latitude to
20-23°N latitude fairly quickly and at a relatively con-
stant speed of 250 to 450 km d~!. However, the timing

of this migration varied between individuals by almost
a month. Individuals also exhibited individual migra-
tory routes. Several individuals flew north for variable
periods after leaving Bass Rock, while others departed
south. Also, while birds tended to leave the North Sea
through the English Channel (rather than west of Scot-
land) and tended to return through the seas off west-
ern Scotland (rather than through the English Chan-
nel), an observation that is confirmed from distribution
patterns of birds at sea (Tasker et al. 1985) and from
seawatching studies in the Netherlands (Camphuysen
& van Dijk 1983), there were individual differences
that were independent of their final wintering area.
These findings all confirm our third hypothesis that
routes and timing of migrations vary among indi-
viduals.

Distribution, prey resources and anthropogenic
pressures

The winter distribution of gannets as well as their
migratory corridors match well with areas of high pro-
ductivity (e.g. Mann & Lazier 2006). The area used
most commonly in our study is a near-coastal area
off (North-)West Africa. This area is part of a large
upwelling zone extending along the coast of NW
Africa (van Camp et al. 1991, Nykjeer & van Camp
1994). As large pelagic fish comprise the most impor-
tant prey of gannets (Nelson 2002), it is of little surprise
that the shelf sea and the shelf break areas off West
Africa may offer a rich food supply of such energy-rich
fish. This is also apparent due to the occurrence of
intense pelagic fisheries off West Africa, targeting
Sardinella aurita, Sardinella maderensis, Sardina pil-
chardus, Scomber japonicus and Trachurus trecae (ter
Hofstede & Dickey-Collas 2006).

Earlier studies have shown that gannets may also
use fishery discards to a substantial degree (e.g.
Tasker et al. 1987, Camphuysen et al. 1995, Kakela
et al. 2007). The availability of discards may thus be
another important factor influencing their winter distri-
bution. Crane (2005) investigated how much food may
be made available to seabirds as fishery discards in dif-
ferent regions, mainly from demersal fisheries. He
reviewed the literature and analysed the Food and
Agricultural Organisation's database to find informa-
tion on discard rates in different fisheries and regions.
Overlaying our winter regions with the discard data
shown in Crane (2005) revealed that remarkably high
proportions of northern gannets stayed in areas of
elevated discard rates. This is strongly corroborated
by the observations of Camphuysen & van der Meer
(2005), who found that 88.8 % of the northern gannets
wintering off the western Sahara and Mauritania were
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associated with commercial fishing vessels. West
African fisheries have developed strongly over the last
2 decades and produce substantial amounts of discards
(Kaczynski & Fluharty 2002, Alder & Sumaila 2004,
Crane 2005).

Altogether, these data and observations suggest that
areas outside the North Sea offer sufficient food for
northern gannets from natural and anthropogenic
sources. If, as a consequence of the current high fish-
ing effort, fish stocks off West Africa become depleted,
it is to be expected that the attractiveness of the West
African winter region for gannets may diminish in the
future—directly by overfishing of pelagic fish stocks
and indirectly by reducing the amounts of discards due
to regulations that reduce fishing effort.

Perspectives

Further investigations are needed to elucidate the
advantages and disadvantages for gannets to stay
close to their breeding site (i.e. in the North Sea) or to
undertake migratory movements to distant wintering
areas. This may include comparisons of diets (e.g.
Phillips et al. 2007), activity rhythms (e.g. Daunt et al.
2006), and food availability (e.g. Hamer et al. 2001).
Additionally, studies of individual consistency in
migratory schedules and wintering areas would help to
further unravel the migratory strategies of northern
gannets.
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