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INTRODUCTION

In the Southern Hemisphere, the order Procellari-
iformes (albatrosses, petrels, storm petrels and diving
petrels) dominates the seabird community in terms of
the number of species and the number of individuals.
They show a wide range in size and in various ecolog-
ical and physiological adaptations to the marine envi-
ronment (Warham 1990, 1996). The highest degree of

diversity is reached at some subantarctic and peri-
Antarctic islands, such as Iles Crozet and Iles Kergue-
len, and at South Georgia (Croxall et al. 1984, Jou-
ventin et al. 1984, Warham 1990, 1996). Altogether 35
bird species, including 24 species of Procellariiformes,
number 6.5 to 10.9 million breeding pairs each year at
Kerguelen (Weimerskirch et al. 1989). Five species of
small burrowing petrels account for about 66% of the
total number of birds of the archipelago, South Geor-
gian (Pelecanoides georgicus) and common (P. urina-
trix) diving petrels, thin-billed (Pachyptila belcheri)
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tively) with more digested prey items than chicks of P. urinatrix. This, together with visual observa-
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vicinity of their colonies and P. georgicus in more offshore waters. Maximum depth gauges indicate an
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tion of chick food and chick feathers differed between the 2 species, thus emphasising the segregation
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position (δ13C and δ15N) of adult feathers were, however, identical in both species, indicating no
trophic segregation during the moulting (inter-breeding) period when birds feed in offshore waters.
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and Antarctic (P. desolata) prions, and blue petrel
(Halobaena caerulea). It was estimated that the 5 spe-
cies together consume annually 0.6 million tonnes of
marine resources (Guinet et al. 1996). Unlike at Iles
Crozet (Ridoux 1994) and South Georgia (Croxall &
Prince 1980), however, almost nothing is known about
the diets of petrels at Iles Kerguelen (Chaurand &
Weimerskirch 1994, Weimerskirch et al. 1999). We
have consequently studied their food and feeding ecol-
ogy during 3 consecutive breeding seasons: first, to
examine the relationships between petrels and the
marine environment surrounding Iles Kerguelen and,
second, to investigate trophic segregation among a
community which includes closely related species like
prions and diving petrels. 

Among procellariform seabirds, diving petrels have
very distinctive and homogeneous morphology and
behaviour, being easily recognised by their small size
and compact shape, which are, in turn, related to the
underwater pursuit of their food by wing propulsion
(Marchant & Higgins 1990, Warham 1990). The 4 spe-
cies of diving petrels live in cold or cool waters of the
Southern Hemisphere (Warham 1990). Among them,
Pelecanoides georgicus and P. urinatrix have a circum-
polar range and breed sympatrically in several archi-
pelagos of the Southern Ocean (Marchant & Higgins
1990, Warham 1990), including Iles Kerguelen, where
the populations of P. georgicus and P. urinatrix have
been estimated to amount to 1–2 million and 0.5–1 mil-
lion breeding pairs each year, respectively (Weimer-
skirch et al. 1989). The 2 species segregate by breed-
ing in different terrestrial habitats at different times
(Warham 1990). At Iles Kerguelen, P. urinatrix breeds
on average 3 wk later than P. georgicus (Paulian 1953,
Weimerskirch et al. 1989), a phenology contrasting
with that found elsewhere (Payne & Prince 1979, Imber
& Nilsson 1980, Jouventin et al. 1985, Mougin 1985).
Weimerskirch et al. (1989) hypothesise that this differ-
ence is due to different oceanographic and, thus, feed-
ing conditions, P. urinatrix being assumed to forage in
more sheltered coastal areas at Kerguelen and in more
offshore zones elsewhere.

The diets of Pelecanoides georgicus and P. urinatrix
have been investigated in detail at 2 localities during
the breeding season. At South Georgia, food is domi-
nated by euphausiids and copepods (Payne & Prince
1979, Reid et al. 1997), while at Iles Crozet, they feed
mainly on euphausiids and amphipods (Ridoux 1994).
At each locality, the prey species of the 2 diving petrels
are essentially similar, with differences occurring in
their proportions by number and by mass (Ridoux
1994, Reid et al. 1997). Dietary differences, chick feed-
ing rates and ship-based observations suggest an
incomplete horizontal spatial segregation at sea during
the breeding period, P. georgicus tending to feed more

offshore and P. urinatrix in more inshore waters (Jou-
ventin et al. 1988, Reid et al. 1997). A partial vertical
segregation was also hypothesised (Reid et al. 1997),
since P. urinatrix equipped with capillary-tube depth
gauges at Kerguelen dived deeper than P. georgicus at
South Georgia (Prince & Jones 1992, Chastel 1994).
However, the 2 studies were performed at different
localities, during 2 different years, and the work on P.
georgicus involved only a few birds (Prince & Jones
1992). 

The main objective of the present study was to inves-
tigate the trophic segregation between the 2 closely
related species of diving petrels Pelecanoides georgi-
cus and P. urinatrix breeding at Iles Kerguelen. Prey
species, chick feeding frequency and food mass were
recorded over 3 consecutive breeding years (1994/95,
1995/96 and 1996/97), together with the diving perfor-
mances of the 2 species which were investigated at the
same locality for the first time. We also focused on the
foraging ecology during the inter-breeding period, for
which no other information is available, through stable
isotopic analyses of adult flight feathers. Since keratin
is metabolically inert after synthesis (Kelly & Finch
1998), the stable-carbon and -nitrogen isotopic compo-
sition of feathers are markers potentially useful in
investigating the birds’ trophic relationships and for-
aging areas during the moulting period (Cherel et al.
2000). In seabirds, moult mainly occurs outside the
breeding season. In diving petrels, synthesis of flight
feathers takes place after the breeding season, but it
may begin in late chick-rearing for P. urinatrix, while
no overlap between breeding and moult was observed
for P. georgicus (Payne & Prince 1979, Marchant &
Higgins 1990).

METHODS

Study sites and birds. Fieldwork was carried out dur-
ing 3 consecutive summer seasons (1994/95, 1995/96
and 1996/97) in the Golfe du Morbihan, eastern Ker-
guelen Archipelago (southern Indian Ocean). The 2
species of diving petrels nest in different habitats,
Pelecanoides georgicus digging their burrows in bare
soil or where plant cover is poor, and P. urinatrix in
deep soils with ample plant cover, particularly under
Kerguelen cabbage (Pringlea antiscorbutica) (Weimers-
kirch et al. 1989). The study colonies were located at
2 adjacent islands where large populations of diving
petrels breed, P. georgicus at Ile Verte (49° 31’ S,
70° 04’ E) and P. urinatrix at Ile Mayes (49° 28’ S,
69° 57’ E) (Fig. 1). Each species was studied each year
during 10 to 12 consecutive days, corresponding to the
middle of the chick-rearing period which lasts 50 to
55 d in these species (Jouventin et al. 1985, Weimers-
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kirch et al. 1989). In the Golfe du Morbihan P. urinatrix
breeds on average later than P. georgicus; conse-
quently, the 2 species were studied at an interval of
3 wk, P. georgicus in January and P. urinatrix in Feb-
ruary (see Table 1).

Food mass and feeding frequency. Eighteen to 34
randomly selected chicks of each species were moni-
tored each year during the study period (Table 1). Bur-
rows were marked with numbered wood stakes; in the
case of deep burrows, an opening was dug out over the
nesting chamber and covered with rock and earth
slabs, thus facilitating access to the birds. Chicks were
weighed (accuracy ± 2 g) twice daily, before dusk at
19:00 h (local time) when adults were at sea, and at
00:00 h by which most adult birds visiting the colony at
night had fed their single chick. An increase in body
mass of at least 2 g, either between the 2 successive
weighings within a given night, or between weighings
at midnight and the following evening, was considered
to represent a feeding event. However, food mass
delivered by adults to chicks during a given night was
calculated as the difference between a chicks’ body
mass at 19:00 and 00:00 h only. Chick feeding fre-
quency was calculated as the ratio between the num-
ber of nights with feedings (sum for all the chicks)
divided by the total number of nights with weighings

(sum for all the chicks) (Table 1). Note that 10.0% and
0.6% of feeding events occurred after midnight for
Pelecanoides georgicus and P. urinatrix, respectively.
No attempt was made to differentiate between single
and double meals given by 1 or both parents within the
same night, because the sampling protocol could not
distinguish 1 feed and 2 (Granadeiro et al. 1999). 

Dietary analyses. Outside the study colony, diving
petrels were caught by mist netting at night or in bur-
rows fitted with trap doors at the entrance to retain the
adult before the chick was fed. Food samples were col-
lected using a stomach lavage technique similar to that
described by Reid et al. (1997) and Bocher et al. (2000).
A supple plastic tube (2.4 mm external, 0.8 mm inter-
nal diameter) was inserted into the stomach, and water
slowly introduced via a syringe. The tube was removed
when the anterior alimentary tract and buccal cavity
were full of water. The petrel was then immediately
inverted over a sieve, and its abdomen was gently
massaged to facilitate regurgitation. Bird stomachs
were evacuated no more than 3 times, even if water
still contained prey items. After lavaging, diving petrels
were measured, banded and placed in a box to re-
cover, and were thereafter released at their capture
site. No individual bird was sampled more than once in
the study. Diet samples were drained to remove excess
water, immediately frozen at –20°C, and returned to
Chizé, France, for analysis. In the laboratory, each
sample was thawed, drained a second time, and placed
in a large flat-bottomed tray. Fresh remains were
divided into broad prey classes (crustaceans and fish),
which were weighed to estimate their proportions by
fresh mass in the diet.

Total numbers of common and rare prey items were
counted in each individual whole sample. Prey were
identified using keys in Boschi et al. (1969), Baker et al.
(1990), Williams & McEldowney (1990), Razouls (1994),
Ledoyer (1995) and Vinogradov et al. (1996), and by
comparison with material held in our own reference
collection. Thirty to 60 items (either intact specimens
and/or intact eyes) of the main prey species were ran-
domly selected per dietary sample. Total length and
eye diameter were determined using an ocular scale
in a binocular microscope. Total length (TL) of amphi-
pods, euphausiids and copepods was measured from
the front of eye to the tip of uropods, from the tip of
rostrum to the tip of uropods, and from the tip of ros-
trum to the furca, respectively. Total length was esti-
mated from eye diameter measurements by the use
of allometric equations (Ridoux 1994, authors’ unpubl.
data). In order to estimate the composition by mass of
the diet, the body mass of crustaceans and fish was
estimated from body length using published relation-
ships (Hindell 1988, Mizdalski 1988, Williams & Mc-
Eldowney 1990, Ridoux 1994) and our own equations.
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Fig. 1. Pelecanoides spp. Map of Iles Kerguelen (upper panel)
and details of the eastern part of the archipelago (lower
panel) showing the location of the study colonies within the 

Golfe du Morbihan (circle, Ile Mayes; triangle, Ile Verte)
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Where equations for certain species were not avail-
able, estimates were made from equations for closely
related species or for species with a similar morphol-
ogy. The reconstructed mass of each taxon for each
sample was calculated from the average wet body
mass for the species in the sample. The value was then
multiplied by the number of individuals in the sample,
and the resulting value was pooled with those calcu-
lated for the same taxon in the other samples. The cal-
culated masses for all the different taxa were conse-
quently pooled, and the reconstituted proportion by
mass of each taxon then calculated as the percentage it
represented in the total reconstituted mass.

Maximum dive depths. Maximum depths reached
by diving petrels were investigated using capillary-
tube depth gauges (Burger & Wilson 1988), following
Bocher et al. (2000). Briefly, a 10 to 12 cm length of
plastic tube (Tygon brand; internal diameter, 0.8 mm)
was coated inside with icing sugar and sealed at 1
extremity. The tube was fitted on the back feathers
using a waterproof adhesive tape. Each recorder
weighed 0.6 g, i.e. <0.5% of the mean body mass.
Maximum dive depth was estimated by the equation:
d = 10.08 [(L s /Ld) – 1], where d is the maximum depth
(m), Ls is the initial length (mm) of undissolved sugar,
and Ld the length (mm) on recovery (accuracy ±
0.5 mm) (Burger & Wilson 1988).

Stable isotope analysis. Feathers were collected
from intact wings of adult diving petrels killed by sub-
antarctic skuas Catharacta antarctica lönnbergi early
in the breeding season, and chick feathers were taken
from the tip of the first few primaries from live fledg-
lings in their burrows.

Before isotopic analysis, food samples were freeze
dried or dried in an oven at +60°C and ground to a fine
powder in an analytical mill. Lipids were then removed
using a Soxhlet apparatus with chloroform solvent for 4
to 6 h. Feathers were cleaned of surface contaminants
using a 2:1 chloroform:ether rinse, air dried, and then
cut with stainless steel scissors into small fragments.

Stable-carbon and-nitrogen isotope assays were per-
formed on 1 mg subsamples of homogenised materials
by loading into tin cups and combusting at 1800°C in a
Robo-Prep elemental analyser. Resultant CO2 and N2

gases were then analysed using an interfaced Europa
20:20 continuous-flow isotope ratio mass spectrometer
(CFIRMS) with every 5 unknowns separated by 2 labo-
ratory standards. Stable isotope abundances were
expressed in δ notation as the deviation from standards
in parts per thousand (‰) according to the following
equation:

δX =  [(R sample/R standard)–1] × 1000

where X is 13C or 15N and R is the corresponding ratio
13C/12C or 15N/14N. The Rstandard values were based on
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the PeeDee Belemnite (PDB) for 13C and atmospheric
N2 (air) for 15N. Replicate measurements of internal
laboratory standards (albumen) indicate measurement
errors of ±0.1‰ and ±0.3‰ for stable-carbon and
-nitrogen isotope measurements, respectively.

Statistics. Data were analysed statistically using
SYSTAT 9 for WINDOWS (Wilkinson 1999). Values are
means ± SD, significance at 0.05 level.

RESULTS

Pelecanoides georgicus

Food mass and feeding frequency

Chicks of Pelecanoides georgicus were fed at least 1
meal by their parents on 81% of the nights, with no
significant differences among the 3 yr (Table 1). When
fed, chicks received on average of 29 g of food per
night, with, again, no significant interannual differ-
ences. The decrease in the number of chicks to the end
of the study periods was due to predation by sub-
antarctic skuas on chicks located in shallow burrows.
When taking into account the chicks followed during
the whole study period only, the overall mass gain of
chicks was 20 ± 25 g in 10 to 12 d, with no significant
differences among years (18 ± 21, 18 ± 30 and 23 ± 26
g for January 1995, 1996 and 1997, respectively, 1-way
ANOVA, F2, 68 = 0.33, p = 0.718). The large range in
mass of the chicks was due to the poorly synchronised
breeding cycle within pairs in both species of diving
petrels (Weimerskirch et al. 1989, authors’ unpubl.
data).

The mean adult body mass (before stomach lavage)
of Pelecanoides georgicus was 141 g, and it did not dif-
fer significantly among years (F2, 94 = 1.36, p = 0.263).
The wet mass of the 83 food samples averaged 11 g,

with significant differences among years (F2, 80 = 3.92,
p = 0.024). The food samples collected in 1995 were
lower in mass than those collected in 1996 (post Hoc
Tukey HSD multiple comparison test, p = 0.022)
(Table 2). The mass of dietary samples was by far lower
than that of the food mass measured by weighing
chicks, because the stomach lavage technique is not
very effective in diving petrels, confirming the previ-
ous observations of Reid et al. (1997).

Diet

Pelecanoides georgicus fed almost exclusively on
crustaceans (99% and 98% by fresh and reconstituted
masses of the overall diet, respectively) and on fish
which accounted for the remaining 1 to 2%. The pro-
portions of crustaceans and fish were similar for the 3
consecutive seasons (Table 2). Crustaceans occurred in
100% of the food samples, and dominated by number
and by mass in all of them. 

A total of 45 153 prey items was recovered from 83
samples and included 45 065 crustaceans (99.8%) and
only 88 fish (0.2%). The fish prey were mainly postlar-
val animals too small and too digested to be deter-
mined. Overall, 12 species of crustaceans and 2 species
of fish were identified (Table 3). By far, the diet was
dominated by the euphausiid Thysanoessa sp., which
occurred in all the samples and accounted for 50% of
the total number of prey and 81% of the food by esti-
mated reconstituted mass. The copepod Calanoides
acutus ranked second (45% by number and 10% by
mass); other common but minor items were the hyper-
iids Themisto gaudichaudii (which dominated by num-
ber and reconstituted mass in 2 samples) and Primno
macropa, and the large calanoid Rhincalanus gigas.
Rare to very rare prey items included 7 other crus-
tacean species (Table 3). 
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Study period Birds Food sample mass Prey class (% by fresh mass)
Mass (g) Ind. (n) Mass (g) Samples (n) Crustaceans Fish

Pelecanoides georgicus
1995 139 ± 13 (116–168) 48 8.6 ± 4.5 (1.9–17.4) 30 99.8 0.2
1996 144 ± 10 (128–166) 27 12.1 ± 6.0 (5.3–23.0) 29 99.1 0.9
1997 139 ± 11 (120–162) 22 11.2 ± 3.7 (7.2–17.7) 24 98.9 1.1
Total 141 ± 12 (116–168) 97 10.6 ± 5.0 (1.9–23.0) 83 99.2 0.8

Pelecanoides urinatrix
1995 157 ± 11 (124–190) 54 14.5 ± 3.6 (6.5–21.9) 29 100.0 <0.1<
1996 151 ± 9 (138–168)0 32 10.6 ± 4.4 (3.9–25.1) 32 100.0 0.0
1997 151 ± 12 (130–181) 23 11.2 ± 3.0 (5.7–17.3) 20 100.0 0.0
Total 154 ± 11 (124–190) 109 12.1 ± 4.2 (3.0–25.1) 81 100.0 <0.1<

Table 2. Pelecanoides spp. Birds’ body mass (before stomach lavage), mass of food samples and broad prey class composition of 
the diet during 3 consecutive chick-rearing periods. Values are means ± SD with ranges in parentheses
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Prey species Occurrence Number Reconstituted Body length 
in stomachs mass (mm)
(n) (%) (n) (%) (g) (%) Mean Range (n)

Crustaceans 83 100.0 45 065 99.8 495.1 98.0
Euphausiacea

Euphausia vallentini 4 4.8 14 <0.1 0.9 0.2 21.5 ± 2.8 17.8–26.3 12
Euphausia sp. 13 15.7 13 <0.1 1.2 0.2 23.2 ± 6.3 11.1–32.0 12
Thysanoessa macrura/vicina 83 100.0 22 730 50.3 408.5 80.8 14.9 ± 2.7 3.4–23.4 2423

Amphipoda
Orchomenopsis sp. 1 1.2 1 <0.1 <0.1 <0.1
Hyperoche luetkenides 4 4.8 4 <0.1 0.2 <0.1 13.5 13.1–13.9 2
Themisto gaudichaudii 24 28.9 692 1.5 17.4 3.4 11.1 ± 1.6 6.9–16.1 240
Primno macropa 55 66.3 615 1.4 12.3 2.4 10.1 ± 3.2 3.4–18.8 268
Unidentified amphipods 4 4.8 4 <0.1 0.1 <0.1

Copepoda
Calanus simillimus 6 7.2 15 <0.1 <0.1 <0.1 3.0 ± 0.2 2.6–3.4 9
Calanoides acutus 47 56.6 20 074 44.5 49.8 9.9 4.0 ± 0.3 2.7–4.9 745
Rhincalanus gigas 35 42.2 828 1.8 4.7 0.9 6.0 ± 0.7 4.4–8.4 391
Drepanopus pectinatus 2 2.4 2 <0.1 <0.1 <0.1 2.1 1
Paraeuchaeta antarctica 2 2.4 3 <0.1 <0.1 <0.1 4.2 ± 0.5 3.6–4.5 2
Unidentified copepods 9 10.8 12 <0.1 <0.1 <0.1 3.2 3.1–3.2 2

Cirripedia
Lepas australis (cypris larvae) 18 21.7 58 0.1 <0.1 <0.1 2.6 ± 0.2 2.4–3.0 38

Fish 23 27.7 88 0.2 10.2 2.0
Myctophidae

Krefftichthys anderssoni 2 2.4 3 <0.1 3.9 0.8 51.7 51.0–52.4 2
Nototheniidae

Notothenia rossii (pelagic stage) 6 7.2 6 <0.1 2.3 0.5 32.4 31.9–32.9 2
Unidentified postlarvae 16 19.3 79 0.2 4.0 0.8

Total 45 153 100.0 505.3 100.0

Table 3. Pelecanoides georgicus. Frequency of occurrence, number, reconstituted mass and length of prey items recovered from 
stomach contents of P. georgicus during chick-rearing (total for all 83 samples pooled)

Fig. 2. Pelecanoides spp. Composition by reconstituted mass of the diet during 3 consecutive chick-rearing periods
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Thysanoessa sp. prevailed by number and by mass
in 78% (n = 65) and 92% (n = 76) of the samples,
respectively. It was the dominant prey every season,
accounting for 73 to 95% of the diet by reconstituted
mass (Fig. 2). Two size-classes of Thysanoessa sp. were
eaten by Pelecanoides georgicus, small individuals (3
to 8 mm TL) with no clear mode, and larger individuals
(9 to 24 mm) with a mode at 14 to 15 mm TL which
formed the dominant size-class (Fig. 3). Length-fre-
quency distributions of Thysanoessa sp. were signifi-
cantly different among years (Kolmogorov-Smirnov, all
p < 0.05). The small size-class was found in 1995 and
1997, where they accounted for 19 and 8% of the total
number of Thysanoessa sp., respectively, but they
were absent from the samples collected in 1996
(Fig. 3). Overall, individuals of the large-size class had
slightly different total lengths among years (14.5 ±
1.7 mm, n = 699, 14.7 ± 1.8 mm, n = 759, and 16.5 ±
2.3 mm, n = 867, in 1995, 1996 and 1997, respectively,
F2, 2322 = 232.86, p < 0.0001) (Fig. 3).

The second main prey, Calanoides acutus, prevailed
by number and by mass in 19% (n = 16) and 6% (n = 5)
of the samples, respectively. It accounted for 18 and
14% of the diet by reconstituted mass in 1995 and
1997, respectively, but was a rare prey item in 1996
(<1% by mass) (Fig. 2). Length of C. acutus varied sig-
nificantly between years (F2, 767 = 49.67, p < 0.0001,
post hoc Tukey HSD multiple comparison test, all p <
0.0001), but the differences in length were small (4.1 ±
0.3 mm, n = 338, 3.8 ± 0.2 mm, n = 69, and 4.0 ± 0.3 mm,
n = 363, in 1995, 1996 and 1997, respectively). Only
Copepodites V and VI were found after examination of
a small number of individuals with a large majority of
CV over adult copepods. 

Maximum dive depths

Of 139 recorders that were attached, 92 (66%) were
recovered and 87 (63%) gave reliable measurements
(Table 4). All the recorders were recovered within 6 d
after the birds had been equipped, and 23% were
recovered after 1 d only. The maximum dive depths
reached by Pelecanoides georgicus ranged from 15 to
40 m and averaged 26 m. The frequency distribution of
depths was unimodal, with a mode at 20 to 25 m
(Fig. 4). Mean maximum dive depths did not vary sig-
nificantly among the 3 seasons (Table 4).

Stable isotopes

A brief examination showed the predominance by
mass of Thysanoessa sp. in the dietary samples col-
lected for isotopic analyses. Food of Pelecanoides geor-

gicus and feathers from chicks and adults were segre-
gated by their stable isotope values (MANOVA, Wilk’s
Lambda, F4, 52 = 29.93, p < 0.0001) (Table 5). No signif-
icant differences were found among groups in δ13C
values (F2, 27 = 1.23, p = 0.307). However, δ15N values
were, overall, different (F2, 27 = 125.66, p < 0.0001),
nitrogen stable-isotope ratios of chick food being lower
than the ratios in chick and adult feathers (post hoc
Tukey HSD multiple comparison test, all p < 0.0001).

Pelecanoides urinatrix

Food mass and feeding frequency

Chicks of Pelecanoides urinatrix were fed by the
adults on 97% of the nights, with no significant differ-
ences among the 3 seasons. When fed, chicks received
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Fig. 3. Pelecanoides georgicus. Length-frequency distribution
of the euphausiid Thysanoessa sp. in the diet of P. georgicus
during 3 consecutive chick-rearing periods (N: number of 

food samples; n: number of individuals)
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on average 31 g of food per night, with significant
interannual differences (Table 1). Food mass was on
average greater in February 1996 than in 1995 and
1997 (post hoc Tukey HSD multiple comparison test,
p < 0.0001). The overall mass gain of chicks was 22 ±
25 g in 11 to 12 d, with significant differences among
years (15 ± 27, 35 ± 18 and 14 ± 24 g, for 1995, 1996 and
1997, respectively, F2, 64 = 7.18, p = 0.002). The increase
in chick mass was greater in 1996 than in 1995 and

1997 (post Hoc Tukey HSD multiple comparison test,
all p < 0.05).

The mean adult body mass (before stomach lavage)
of Pelecanoides urinatrix was 154 g, and it differed
significantly among seasons (F2,106 = 4.85, p = 0.010),
birds being heavier in 1995 when compared to 1996
but not to 1997 (post hoc Tukey HSD multiple compar-
ison test, p = 0.020 and 0.057, respectively). The wet
mass of the 81 food samples averaged 12 g, with over-
all significant differences between years (F2, 78 = 8.81,
p < 0.0001), food samples collected in 1995 being heav-
ier than those collected in 1996 and 1997 (post hoc
Tukey HSD multiple comparison test, p < 0.05)
(Table 2).

Diet

Pelecanoides urinatrix fed exclusively on crus-
taceans, only 1 fish was found in the 81 stomach con-
tents (Table 6). A total of 58 854 prey items, including 7
species of crustaceans, was recovered from the 81 sam-
ples (Table 6). The diet was dominated by the hyperiid
amphipod Themisto gaudichaudii, which occurred in
all the samples and accounted for 61% of the total
number of prey and an estimated 91% of the food by
reconstituted mass. The large carnivorous copepod
Paraeuchaeta antarctica ranked second (21% by num-
ber and 9% by mass), with other common but minor
items being zoeal larvae of the crab Halicarcinus
planatus (which dominated by number in 4 samples),
and the copepods Drepanopus pectinatus (which dom-
inated by number in 2 samples) and Calanus simil-
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Fig. 4. Pelecanoides spp. Frequency distribution of maximum
dive depths during the chick-rearing period (all the 3 yr 

pooled)

Study period Maximum dive depth gauges (n) Maximum dive depths Time of deployment
Fitted on Recovered Measured (m) (d)

Pelecanoides georgicus
1995 32 6 6 23.1 ± 2.4 (19.6–27.0) 1–4
1996 68 51 47 26.9 ± 4.4 (15.1–35.9) 1–6
1997 39 35 34 24.7 ± 6.0 (16.6–39.8) 1–4

Total 139 92 87 25.7 ± 5.1 (15.1–39.8) 1–6
F2, 84 = 2.77, p = 0.068a

Pelecanoides urinatrix
1995 37 34 32 33.5 ± 4.7 (24.7–44.2) 1–4
1996 92 71 66 32.6 ± 4.6 (22.9–49.3) 1–4
1997 32 29 24 31.9 ± 5.4 (27.0–50.4) 1–2

Total 161 134 122 32.7 ± 4.8 (22.9–50.4) 1–4
F2,119 = 0.83, p = 0.438a

t = 10.09, p < 0.0001b

a1-way ANOVA between maximum dive depths of 3 yr
bt-test between maximum dive depths (all 3 yr pooled) of the 2 species

Table 4. Pelecanoides spp. Comparison of mean maximum dive depths during 3 consecutive chick-rearing periods. Values are 
means ± SD with ranges in parentheses
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limus. Rare to very rare prey items included 2 other
crustacean species (Table 6). 

Themisto gaudichaudii predominated by number
and by mass in 80% (n = 65) and 95% (n = 77) of the
samples, respectively. It was the dominant prey every
season, accounting for an estimated 73% to 99% of the
diet by reconstituted mass (Fig. 2). Only 1 size-class of
T. gaudichaudii was important in the diet of P. urina-
trix, with a mode at 15 to 16 mm TL (Fig. 5). A few
small individuals (TL < 10 mm) were present in 1995
and 1997, but they were nearly absent in 1996. Overall,
total length of T. gaudichaudii varied slightly but sig-
nificantly among the 3 seasons (15.4 ± 1.9 mm, n =
1319, 15.2 ± 1.7 mm, n = 1320, and 14.8 ± 2.1 mm, n =
976, in 1995, 1996 and 1997, respectively, F2, 3612 =
35.82, p < 0.0001). Length-frequency distributions dif-
fered also over the 3 yr (Kolmogorov-Smirnov, all p <
0.0001).

The second main prey, Paraeuchaeta antarctica, pre-
dominated numerically and by mass in 12% (n = 10) and
5% (n = 4) of the samples, respectively. It accounted for
8 and 26% of the diet by the estimated reconstituted
masses in 1996 and 1997, respectively, but was a rare
prey item in 1995 (<1% by mass) (Fig. 2). CV dominated
over CVI in the diet (68 vs 32%, Pearson chi-squared
test, χ2

1 = 1675.34, p < 0.0001), with CIV present in neg-
ligible numbers (Table 7). The proportions of female
and male P. antarctica were slightly but significantly dif-
ferent in CV (48 and 52%, respectively, χ2

1 = 8.57, p =
0.003), while they were highly biased in favour of fe-
males in CVI (98 and 2%, χ2

1 = 3737.98, p < 0.0001).
Overall, the proportions of females CV and CVI and
males CV and CVI varied significantly over the 3 yr (χ2

6

= 285.08, p < 0.0001), fewer females CV and more
females CVI being found in 1997 when compared to
1995 and 1996 (Table 7).

Maximum dive depths

Of 161 recorders that were attached,
134 (83%) were recovered and 122
(76%) gave reliable measurements
(Table 4). All the recorders were re-
covered within 4 d after the birds had
been equipped, and 69% were recov-
ered after 1 d only. The maximum dive
depths reached by Pelecanoides uri-
natrix ranged from 23 to 50 m, and
averaged 33 m. The frequency distrib-
ution of depths was unimodal, with a
mode at 30 to 35 m (Fig. 4). Mean
maximum dive depths did not vary
significantly among the 3 seasons
(Table 4). 
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Sampling group Samples (n) δ13C δ15N

Pelecanoides georgicus
Food 9 –21.8 ± 1.0a 5.0 ± 0.8a

Chick feathers 10 –21.1 ± 0.4a 8.9 ± 0.4b

Adult feathers 11 –21.5 ± 1.4a 9.3 ± 0.7b

Pelecanoides urinatrix
Food 10 –19.1 ± 0.3a 8.0 ± 0.7b

Chick feathers 10 –19.5 ± 2.7a 10.9 ± 1.7c

Adult feathers 10 –21.5 ± 3.8a 9.4 ± 1.6b

ANOVA F5, 54 = 3.13 F5, 54 = 30.71
p = 0.015 p < 0.0001

Table 5. Pelecanoides spp. Stable-carbon and-nitrogen isotope concentrations
(mean ± SD‰) in dietary samples and in feathers of breeding adults and chicks
at Kerguelen Islands, and results of 1-way ANOVA for differences among
groups for each isotope. Values in the same column not sharing a common
superscript letter are significantly different (post hoc Tukey HSD multiple 

comparison test, p < 0.05)

Fig. 5. Pelecanoides urinatrix. Length-frequency distribution
of the hyperiid Themisto gaudichaudii in the diet of P. urina-
trix during 3 consecutive chick-rearing periods (N: number of 

food samples; n: number of individuals)
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Stable isotopes

A brief examination showed the predominance by
mass of Themisto gaudichaudii in the dietary samples
collected for isotopic analyses, 2 of them also contain-
ing a significant amount of Paraeuchaeta antarctica.
Food of Pelecanoides urinatrix and feathers from
chicks and adults were segregated by their stable-
isotope values (MANOVA, Wilk’s Lambda, F4, 52 =
11.04, p < 0.0001) (Table 5). No significant differences
were found among chick food and chick and adult
feathers in δ13C values (F2, 27 = 2.28, p = 0.121). How-
ever, δ15N values were, overall, different (F2, 27 =
10.78, p < 0.0001), with chick feathers having higher
δ15N values than chick food (post hoc Tukey HSD
multiple comparison test, p < 0.0001) and adult feath-
ers (p = 0.049).

DISCUSSION

A complete dietary segregation was found at the Iles
Kerguelen between the 2 sympatric and closely related
species Pelecanoides georgicus and P. urinatrix during
the breeding period. During chick-rearing, P. georgi-
cus rely almost exclusively on the euphausiid Thysa-
noessa sp. and the copepod Calanoides acutus for
foods both of which are taken in offshore waters, while
P. urinatrix prey mainly upon the hyperiid amphipod
Themisto gaudichaudii and the copepod Paraeuchaeta
antarctica in the close vicinity of the colonies. The sta-
ble-carbon and -nitrogen isotopic compositions of
adult feathers were, however, identical in both species,
indicating no trophic segregation during the moulting
(inter-breeding) period when birds are not constrained
to return to the colonies, and feed in offshore waters.
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Prey species Occurrence Number Reconstituted Body length 
in stomachs mass (mm)
(n) (%) (n) (%) (g) (%) Mean Range (n)

Crustaceans 81 100.0 58 853 100.0 1622.9 100.0
Euphausiacea

Euphausia sp. 1 1.2 1 <0.1 <0.1 <0.1
Decapoda
Halicarcinus planatus (zoeal larvae) 19 23.5 6734 11.4 3.4 0.2 2.9 ± 0.2 2.4–3.3 38

Mysida
Mysidetes morbihanensis 3 3.7 11 <0.1 0.1 <0.1 23.7 ± 3.0 19.5–24.4 7

Amphipoda
Themisto gaudichaudii 81 100.0 35 672 60.6 1471.7 90.7 15.2 ± 1.9 4.4–23.2 3615

Copepoda
Calanus simillimus 16 19.8 1490 2.5 1.9 0.1 3.2 ± 0.3 2.6–3.7 84
Calanoides acutus 4 4.9 68 0.1 0.1 <0.1 3.9 ± 0.2 3.7–4.4 14
Drepanopus pectinatus 37 45.7 2170 3.7 0.5 <0.1 2.3 ± 0.2 1.2–2.7 169
Paraeuchaeta antarctica 51 63.0 12 564 21.3 144.9 8.9 7.1 ± 1.2 6.1–8.7 9278a

Unidentified copepods 18 22.2 143 0.2 0.2 <0.1

Fish 1 1.2 1 <0.1 0.1 <0.1

Unidentified fish 1 1.2 1 <0.1 0.1 <0.1

Total 58 854 100.0 1623.0 100.0

aNumber of individuals for which developmental stage and sex were determined, a mean measurement of total length
having been used for developmental stages and sex

Table 6. Pelecanoides urinatrix. Frequency of occurrence, number, reconstituted mass and length of prey items recovered from 
stomach contents of P. urinatrix during chick-rearing (total for all 81 samples pooled)

Study period Samples Copepodite IV (%) Copepodite V (%) Copepodite VI (%)
(n) Female Male Female Male Female Male

1995 681 <0.1 <0.0 38.0 38.5 23.2 0.1
1996 4269 <0.0 <0.0 39.4 37.1 23.0 0.4
1997 7614 <0.1 <0.1 29.0 33.8 36.5 0.6
Total 12 564 <0.1 <0.1 33.0 35.2 31.2 0.5

Table 7. Pelecanoides urinatrix. Percentage composition of developmental stages of Paraeuchaeta antarctica in the diet of 
P. urinatrix during 3 consecutive chick-rearing periods
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Pelecanoides georgicus

At the Iles Kerguelen, Pelecanoides georgicus is
mainly a macrozooplankton feeder, with postlarval fish
only a minor component of its food. This is consistent
with previous studies at South Georgia (Reid et al.
1997) and Iles Crozet (Ridoux 1994). Hyperiid am-
phipods, euphausiids and copepods are the main food
items, with high variations in the numbers and masses
of the main prey species among the 3 study areas
(Table 8). At the southernmost locality, south of the
Antarctic Polar Front (South Georgia), copepods domi-
nate numerically with 2 species involved (Calanoides
acutus and Calanus propinquus), but, owing to their
larger size, euphausiids (mainly Euphausia superba)
are the main items by mass (Reid et al. 1997). North of
the Antarctic Polar Front (Iles Crozet), euphausiids
form the bulk of the food, Thysanoessa sp. and the sub-
antarctic krill E. vallentini ranking, respectively, first
and second both numerically and by mass (Ridoux
1994). At the Iles Kerguelen, which are located in the
immediate vicinity of the Antarctic Polar Front (Park et
al. 1993), the diet includes 2 important prey species,
Thysanoessa sp. and Calanoides acutus (Table 3).
Taken together, these data suggest that P. georgicus is
an opportunist feeder that preys upon the most avail-
able swarming crustaceans found in its foraging
ground during the breeding season. Dietary investiga-
tions among several years at South Georgia (Payne &
Prince 1979, Reid et al. 1997) and the Kerguelen
Islands (present study) showed no large interannual

differences in the main prey species at a given locality,
thus indicating that P. georgicus feeds on predictable
marine resources from 1 breeding period to the next at
a given locality.

Thysanoessa sp. was consistently the main prey item
over the 3 yr of the study period, thus emphasising the
importance of that euphausiid in the diet of Pele-
canoides georgicus at Iles Kerguelen during the breed-
ing season. The highly digested condition of the stom-
ach contents precluded the identification of individuals
of the genus Thysanoessa to the species level. Two
species of that genus, the closely related T. vicina and
T. macrura, occur in the vicinity of the Antarctic Polar
Front and in Antarctic waters, including the Kerguelen
region (Lomakina 1966, Pakhomov 1993). The fact that
P. georgicus fed upon 2 well-defined size-classes of
Thysanoessa sp. suggests either that each size-class
belonged to a different Thysanoessa species, or, alter-
natively, that the birds preyed upon 2 size-classes of
the same species.

During the chick-rearing period, maximum depth
gauges indicated that Pelecanoides georgicus foraged in
the top 40 m of the water at Iles Kerguelen, with a mean
of 26 m and a modal class of 20 to 25 m. This is in agree-
ment with preliminary work performed at South Geor-
gia, where the maximum dive depths of 6 birds averaged
26 m (Prince & Jones 1992). No interannual variations
were recorded in the maximum dive depths reached by
the petrels at Iles Kerguelen, suggesting that swarms of
Thysanoessa sp. and Calanoides acutus were consis-
tently located in the sub-surface during the 3 seasons.
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Pelecanoides georgicus Pelecanoides urinatrix
Species South Georgia Crozet Kerguelen South Georgia Crozet Kerguelen

(n = 95) (n = 23) (n = 83) (n = 43) (n = 21) (n = 81)

Amphipoda <1 7 3 1 29 61
Themisto gaudichaudii <1 <1 2 1 17 61
Primno macropa <1 6 1 – 12 –

Euphausiacea 11 93 50 3 66 <1
Euphausia vallentini – 22 <1 – 59 –
Euphausia superba 10 – – 2 – –
Thysanoessa sp. 1 70 50 1 7 –

Reptantia – – – – – 11
Halicarcinus planatus (zoeal larvae) – – – – – 11

Copepoda 89 <1 46 97 3 28
Calanus propinquus 12 – – 11 – –
Calanoides acutus 44 – 44 27 – <1
Rhincalanus gigas 3 – 2 13 – –
Euchaetidaea – – <1 4 <1 21
Unidentified copepods 29 <1 <1 40 3 –

aParaeuchaeta antarctica at Kerguelen Islands

Table 8. Pelecanoides spp. Proportions by number of the main prey species (≥10%) at different breeding localities. Data from 
Reid et al. (1997) for South Georgia, Ridoux (1994) for Crozet, and the present study for Kerguelen



Mar Ecol Prog Ser 208: 249–264, 2000

Isotopic signatures of chick feathers of Pelecanoides
georgicus show an enrichment relative to food,
amounting to a non-significant 0.7‰ for δ13C and a
highly significant 3.9‰ for δ15N (Table 5). These val-
ues are within the range of those (–0.4 to 4.4‰ for δ13C
and 1.1 to 5.6‰ for δ15N) obtained from feathers of var-
ious species of birds (Mizutani et al. 1990, 1992, Hob-
son & Clark 1992a,b, Thompson & Furness 1995,
Cherel et al. 2000). Interestingly, feathers from chicks
and adults of P. georgicus had similar isotopic signa-
tures. Identical values in both δ13C and δ15N strongly
suggest no major changes in the trophic positions and
feeding ecology of the birds between the moulting
period of the chicks (breeding period) and the moult-
ing period of adults (inter-breeding period). Adults
from Kerguelen, thus, feed at the same trophic level
and in the same broad foraging area all year long.

Pelecanoides urinatrix

At Iles Kerguelen, as at Iles Crozet (Ridoux 1994),
Pelecanoides urinatrix feeds on macrozooplankton
only, while at South Georgia an indeterminate propor-
tion of fish was found in a majority of dietary samples
(Reid et al. 1997). As with its relative P. georgicus,
hyperiid amphipods, euphausiids and copepods are
the main food items everywhere, with large variations
in the number and mass of the main prey species
among the study areas (Table 8). Copepods (including
Calanoides acutus, Rhincalanus gigas and Calanus
propinquus) and Euphausia superba dominated the
diet at South Georgia (Reid et al. 1997), while at Iles
Crozet copepods were negligible, the main prey spe-
cies being E. vallentini together with 2 species of
hyperiids, Themisto gaudichaudii and Primno macropa
(Ridoux 1994). Two species formed the bulk of the food
at Iles Kerguelen, T. gaudichaudii and the copepod
Paraeuchaeta antarctica, the latter being found previ-
ously as a minor item only at the 2 other localities so far
investigated. Overall, these data suggest that P. urina-
trix, like P. georgicus, is an opportunist feeder, differ-
ences in species composition reflecting the local avail-
ability of marine resources which are probably
predictable in time and space at a given locality, since
no major changes occurred over the 3 seasons at Iles
Kerguelen. Consistency over the study period was also
found in the size-class and developmental stages of T.
gaudichaudii and Paraeuchaeta antarctica, respec-
tively, diving petrels feeding almost exclusively on
adults of the former species, and on CV and adult
females (CVI) of the latter one. Stomach contents col-
lected during the summer months, including February,
showed no short-term changes in the main prey items
of P. urinatrix (Bocher et al. 2000). This indicates that

the relatively short (11 to 12 d) sampling time was
representative of the whole breeding period for that
species.

High numbers of Pelecanoides urinatrix are often ob-
served feeding during the breeding period inside the
sheltered Golfe du Morbihan, where Ile Mayes is lo-
cated (Weimerskirch et al. 1989, authors’ unpubl.
data). Both biological surveys and the diet of other div-
ing seabirds feeding there (rockhopper and gentoo
penguins) indicated that only a few species of meso-
and macrozooplankton are important in the bay, the
small and overwhelming herbivorous endemic cope-
pod Drepanopus pectinatus, Euphausia vallentini, and
the carnivorous Themisto gaudichaudii and Para-
euchaeta antarctica, Calanus simillimus being less nu-
merous (Bost et al. 1994, Razouls et al. 1996, Tremblay
& Cherel 2000, author’s unpubl. data). It should be
noted that previous oceanographic samples in the cen-
tral Golfe du Morbihan did not locate P. antarctica (Ra-
zouls et al. 1996), but, following seabird dietary infor-
mation, it was recently found in high numbers in tows
conducted in the western part of the Golfe du Morbi-
han (S. Razouls & P. Mayzaud unpubl. data). Thus,
both observations at sea and prey items retrieved from
the breeding colony indicate that P. urinatrix fed there,
in coastal waters in close vicinity to their colony. The
lack of E. vallentini in the diet of P. urinatrix is easily
explained by the location of that euphausid near the
bottom, at depths too deep for diving petrels but not for
penguins (Tremblay & Cherel 2000). Inshore foraging
habits are also indicated by the occurrence in food
samples of zoeal larvae of Halicarcinus planatus, and,
to a lesser extent of the endemic Mysidetes morbiha-
nensis, which are abundant species in the area (Richer
de Forges 1977, Ledoyer 1995).

At Iles Crozet and South Georgia (Bird Island), Pele-
canoides urinatrix feed mainly in neritic waters not
very far from the colonies during the breeding period
(Jouventin et al. 1988, Reid et al. 1997). Unlike at Iles
Crozet and Bird Island, the coastline at Iles Kerguelen
is dissected by numerous fjords and peninsulas. Birds
from the Golfe du Morbihan at Iles Kerguelen have a
different feeding ecology than elsewhere, because
they forage in a very sheltered coastal environment
where they prey on 2 macrozooplankton species that
are not the dominant prey items at other localities. 

During the chick-rearing period, maximum depth
gauges indicated that Pelecanoides urinatrix foraged in
the top 50 m of the water at Iles Kerguelen, with a mean
of 33 m and a mode of 30 to 35 m. This is slightly less
than the average value (39 m) obtained in the same
population during the breeding season in 1991/92
(Chastel 1994), but in agreement with the more inten-
sive work conducted over more than 1 yr in 1995/96
(31 m with a mode at 30 to 35 m) (Bocher et al. 2000).
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Stable-nitrogen isotope ratios of chick feathers of
Pelecanoides urinatrix show an enrichment relative to
food amounting 2.9‰, with no enrichment in δ13C
(Table 5). The feathers from chicks and adults had dif-
ferent isotopic signatures, with adult feathers having a
non-significant lower value in δ13C and a significant
lower δ15N value. Since variations in δ13C and δ15N val-
ues of marine organisms are generally related to a gra-
dient between inshore and offshore organisms, and
dietary differences, respectively (Wada et al. 1987,
Hobson 1993, Hobson et al. 1994, but see Schell et al.
1998 for discussion of δ13C), such changes indicate
adult P. urinatrix feeding in more offshore waters at a
lower trophic level during moult (inter-breeding
period). This is in agreement with the recent finding
that shows most breeding adults desert colonies after
the fledging period (Bocher et al. 2000). The fact that
some P. urinatrix are observed all year long near the
colonies nevertheless suggests that the offshore for-
aging grounds are not located very far from Iles Ker-
guelen. 

Dietary segregation

A major finding of this study is the almost complete
dietary segregation of Pelecanoides georgicus and P.
urinatrix during the chick-rearing period, the former
species feeding on Thysanoessa sp. and Calanoides
acutus, and the latter species on Themisto gau-
dichaudii and Paraeuchaeta antarctica (Tables 3 & 6).
As discussed above P. urinatrix foraged in the Golfe du
Morbihan, where feeding concentrations of P. georgi-
cus were not observed (Weimerskirch et al. 1989). Our
question then is: where are the foraging grounds of P.
georgicus located? Oceanographic surveys did not find
Thysanoessa sp. or C. acutus in the Golfe du Morbihan
(Bost et al. 1994, Razouls et al. 1996), but they were
caught in more offshore waters around the archipelago
(Pakhomov 1993, Semelkina 1993, Razouls et al. 1998).
Moreover, these species, together with Primno
macropa and Rhincalanus gigas and other minor prey
items are known to be primarily oceanic in their distri-
bution (Lomakina 1966, Pakhomov 1993, Vinogradov
et al. 1996, Errhif et al. 1997), T. gaudichaudii occur-
ring everywhere, with more dense concentrations near
the Kerguelen coast (Pakhomov 1993). Prey biogeog-
raphy, therefore, suggests offshore foraging grounds
over the slope and adjacent oceanic waters for P. geor-
gicus, contrasting with the coastal feeding habits of P.
urinatrix.

A spatial segregation at sea during the chick-rear-
ing period is also supported by the digested state of
stomach contents, feeding frequency and stable iso-
topes. Food samples of Pelecanoides georgicus in-

cluded only well-digested items, while those of P. uri-
natrix often contained a large number of intact prey.
P. georgicus chicks were fed on 81% of the nights,
while those of P. urinatrix were visited almost every
night (Table 1), thus suggesting closer foraging
grounds for the latter species. Note also that for P. uri-
natrix both parents were commonly found together in
their burrow at night, while this rarely occurred for P.
georgicus. Lastly, chick food and feathers of the 2 spe-
cies of diving petrels were segregated by their stable
isotope values (Table 5). The diet and feathers from P.
urinatrix have higher non-significant δ13C and signifi-
cant δ15N values, and this can be related to more
inshore prey and feeding at a higher trophic level,
respectively, than P. georgicus. This is in agreement
with the feeding habits of the diving petrels’ prey,
Themisto gaudichaudii and Paraeuchaeta antarctica,
being carnivorous (Øresland 1991, Pakhomov & Peris-
sinotto 1996), while Thysanoessa sp. is omnivorous
and Calanoides acutus is herbivorous (Graeve et al.
1994, Hagen & Kattner 1998, Falk-Petersen et al.
1999). Furthermore, isotope signature of feathers inte-
grates trophic information during the moulting period,
suggesting, together with the consistency in differ-
ences for other dietary parameters over the 3 yr of the
study, that the segregation at sea between the 2 spe-
cies is not an artefact of sampling period or changes
in prey availability. Spatial segregation at sea of div-
ing petrels during the breeding period can be inter-
preted as a mechanism to avoid inter-specific compe-
tition for marine resources in a relatively limited
coastal area (Golfe du Morbihan) when the birds are
central place foragers.

Spatial segregation at sea, but overlap in the main
prey items, was found at Iles Crozet during the breed-
ing season, with Pelecanoides urinatrix foraging
mainly in neritic waters and P. georgicus in slope
waters (Jouventin et al. 1988, Ridoux 1994). It was dif-
ficult to compare our data on feeding frequency and
food mass of chicks with those previously collected at
Iles Crozet and South Georgia (Payne & Prince 1979,
Jouventin et al. 1985, Roby 1989) due to differences in
methods among the 3 studies. In agreement with the
results from Kerguelen, feeding frequency of P. georgi-
cus was nevertheless lower at Iles Crozet, while it was
almost identical for the 2 species at South Georgia,
suggesting a greater overlap in the foraging grounds at
the latter locality than in the southern Indian Ocean.
The present study is the first to investigate feeding fre-
quency and food mass of chicks over several years, and
it shows no large interannual differences in those para-
meters, except for the higher food mass and, accord-
ingly, better chick growth of P. urinatrix chicks in 1996
(Table 1), suggesting better conditions in the Golfe du
Morbihan during that year.
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Maximum depth gauges indicate a vertical segrega-
tion at sea between the 2 species, Pelecanoides georgi-
cus reaching on average shallower depths (mode at 20
to 25 m) than P. urinatrix (mode at 30 to 35 m) (Fig. 4).
Such differences occurred every year (Table 4), and
were also found when comparing values obtained for
the 2 species at the same time in January 1995 and
1996 (t24 = 3.72, p = 0.001, and t69 = 4.27, p < 0.0001, for
1995 and 1996, respectively; data from Bocher et al.
2000 and the present study), indicating that the verti-
cal foraging segregation is not an artefact of sampling
period. Though the maximum dive depth gauge
method only indicated the deepest dive on a given for-
aging trip, which probably differs considerably from
the average depth of dives, it has given a first insight
into the diving capabilities of petrels, confirming the
hypothesis of Reid et al. (1997) that P. urinatrix is a
deeper diver than P. georgicus.

Unlike chick feathers, adult feathers of the 2 species
of diving petrels were not segregated by their stable
isotope values (Table 5), strongly suggesting no
dietary segregation during the moulting (inter-breed-
ing) period, when birds are self-centred foragers. This
implies no major changes in the food and feeding ecol-
ogy of Pelecanoides georgicus because adults and
chick feathers have identical δ13C and δ15N values, but
a considerable change for P. urinatrix for which adult
and chick feathers were segregated by their isotopic
signatures. Adults of P. urinatrix therefore shifts from
coastal to more offshore foraging grounds where they
feed at a lower trophic level (identical to that of P. geor-
gicus) during moult. Lack of dietary segregation dur-
ing the inter-breeding period is not in agreement with
more sedentary habits in P. georgicus than in P. urina-
trix at that time, as discussed by Stahl et al. (in press).
δ13C values of feathers of adult diving petrels are iden-
tical to those in feathers of P. georgicus chicks, but
lower than those in feathers of adult black-browed
albatrosses (Diomedea melanophrys), which are
known to moult north of the Subtropical Front (Cherel
et al. 2000). Taken together these data suggest no
major latitudinal migrations of diving petrels during
moult, birds remaining south of 40 to 45° S, a belt
which is marked by a strong gradient of δ13C in marine
surface waters (François et al. 1993).

The genus Pelecanoides comprises 4 species, includ-
ing the poorly known P. magellani and the Peruvian
diving petrel P. garnotii. Maximum dive depth of P.
garnotii averaged 32 m, with birds feeding on plank-
tonic crustaceans (Euphausia mucronata and the squat
lobster Pleuroncodes monodon), which dominated
numerically, and fish (larval stages and Norman-
ichthys crockeri), which accounted for 52% by mass of
the diet (Zavalaga & Jahncke 1997, Jahncke et al.
1999). Both the food and diving capabilities of P. gar-

notii are thus similar to those of P. georgicus and P. uri-
natrix, the only significant difference being the rela-
tive importance of fish in its diet.

Among the seabird community from Iles Crozet, div-
ing petrels belong to the group of small surface feeders
and pelagic divers characterised by macrozooplank-
tonic and micronektonic prey taxa. The 2 species show
highest dietary overlap indices both with most small
surface feeders and crested penguins (Eudyptes spp.)
(Ridoux 1994). Such characteristics are likely to occur
at Iles Kerguelen too, but the paucity of information on
seabirds there precludes investigation of dietary rela-
tionships within the community. Diving capabilities of
diving petrels are better than those of small surface
feeders (Chastel & Bried 1996) but poorer than those of
crested penguins (Green et al. 1998, Cherel et al.
1999). P. georgicus and P. urinatrix thus share a unique
vertical niche in the water column within the commu-
nity, the 2 species segregating horizontally during the
breeding period, but probably not during moult.
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