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Long-term evaluation of pup growth and preweaning
survival rates in subantarctic fur seals, Arctocephalus
tropicalis, on Amsterdam Island

Magaly Chambellant, Gwénaél Beauplet, Christophe Guinet, and Jean-Yves Georges

Abstract: This study is the first to investigate pup preweaning growth and survival rates over seven consecutive breeding
seasons in subantarctic fur seals, Arctocephalus tropicalis, on Amsterdam Island, southern Indian Ocean. Growth and
survival were studied in relation to year and pup sex, birth date, birth mass, and growth rate at 60 days of age. The
pup growth rate decreased over the 7-year study period and was the lowest ever found in otariids, which suggests that
lactating females experience constant low food availability. Male and female pups grew and survived at similar rates.
Pups that were heavier at birth grew faster and exhibited better early survival (i.e., the first 2 months of life) than pups
that were lighter at birth. However, no such relationship was detected for late survival (i.e., from 2 months to weaning)
in this long-lactating species. No relationship was found between pup growth rate, pup survival rate, and sea-surface
temperature (SST) gradient during the study period, especially during the later years of good trophic conditions (i.e., a high
SST gradient). Such dissociations suggest that variation in food availability may not be the only factor influencing pup

performance until weaning. We therefore propose that the subantarctic fur seal population is reaching its carrying ca-
pacity and that a density-dependent effect is occurring on Amsterdam |sland.

Résumé : Les taux de croissance et de survie pré-sevrage des petits de I’ otarie a fourrure subantarctique, Arctocephalus
tropicalis, ont été étudiés pour la premiere fois durant sept saisons de reproduction consécutives sur I'Tfle Amsterdam.
La croissance et la survie ont éé mises en relation avec I’année, e sexe, la date de la naissance, la masse a la nais-
sance et le taux de croissance a 60 jours. Durant ces sept années, le taux de croissance des petits a diminué et les va-
leurs obtenues sont les plus basses rapportées chez les Otaridés, ce qui laisse croire a une disponibilité alimentaire
constamment faible pour les femelles nourriciéres. Méales et femelles grandissent et survivent a un taux similaire. Les
otaries plus lourdes a la naissance grandissent plus vite et survivent mieux que les plus Iégéres au cours des deux pre-
miers mois de leur vie. Cependant, chez cette espéce a allaitement prolongé, la masse a la naissance n’'a aucun effet
sur la survie de deux mois jusgu’au sevrage. Aucune relation n’a été trouvée durant I’ étude entre taux de croissance,
taux de survie et gradients de SST (température de surface de la mer), notamment lors des derniéres années de bonnes
conditions trophiques (fort gradient de SST). Ces dissociations nous ameénent a conclure que cette population d’ otaries
a fourrure subantarctique atteint sa capacité limite et qu’un phénoméne de densité-dépendance se produit sur I'Tle

Amsterdam.

Introduction

Individual fitness and, to alarger extent, population health
can be estimated by measuring the reproductive output of
surviving offspring into the next generation (Stearns 1992).
The difficulty of obtaining this type of data over long-term
studies elucidates the need to use more easily obtained crite-
ria as a proxy of females' reproductive success. In the re-
lated literature, these criteria are usually chosen among
offspring characteristics (e.g., sex, size, and birth date) and
performance (growth rate, weaning mass, and survival rate)
during the rearing period (Doidge et al. 1984b; Doidge and

Croxall 1989; Baker and Fowler 1992; Lunn et al. 1993;
McMahon et al. 2000).

Many studies on seabirds and marine mammals show that
interannual variations in breeding success (Cairns 1987,
Chastel et al. 1993; Lunn and Boyd 1993b; Guinet et al.
1994), offspring growth rate (Doidge et al. 1984b; Bester
and Van Jaarsveld 1997; Lea and Hindell 1997), and off-
spring survival (York 1991; Baker and Fowler 1992; Croxall
1992; Barbraud and Weimerskirch 2001) could be related to
interannual variations in food-resource availahility, in large
part because of changes in oceanographic conditions (Trillmich
and Ono 1991; Guinet et al. 1998). The last two parameters
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can, however, be affected differently by environmental changes:
in pinnipeds, a decrease in pup growth rate has already been
observed during moderate El Nifio events (e.g., a decreasein
food availability), while survival has remained stable in the
meantime (see Trillmich and Ono 1991).

The offspring growth rate represents an important factor
in animals’ life history and many vital parameters are related
to and dependent on it (Boltnev et al. 1998). In pinnipeds,
especially fur seal species, the pup growth rate during the
rearing period reflects the level of materna input and can be
affected by maternal characteritics (e.g., mass and size; Doidge
et al. 1984b; Mellish et a. 1999; Guinet et a. 2000; Boltnev
and York 2001; Bowen et a. 2001), provisioning pattern
(Lunn et al. 1993; Georges and Guinet 2000a), and experi-
ence (Lunn et al. 1994), as well as by pup characteristics
(Doidge et al. 1984b; Lunn et a. 1993; Boltnev et al. 1998;
Guinet et al. 1999; Georges and Guinet 2000a).

Offspring survival is one of the major causes of variation
in female reproductive success (Lunn et al. 1994; McMahon
et a. 2000). In many studies of marine mammals, offspring
survival over the entire rearing period has not been investi-
gated, and where it has, results were based on opportunistic
counts of dead young (Anderson et al. 1979; Baker 1984,
Doidge et al. 1984a; Calambokidis and Gentry 1985; Har-
court 1992; Derocher and Stirling 1996; Mison-Jooste 1999;
Georges and Guinet 2000b). Few studies have investigated
factors influencing offspring survival prior to weaning. Birth
mass, birth date, size (i.e., length), and weaning mass have
been found to be related to offspring survival in some species
of marine mammals (northern fur seal, Callorhinus ursinus;
Boltnev et al. 1998; southern elephant seal, Mirounga
leonina; McMahon et al. 2000; polar bear, Ursus maritimus,
Derocher and Stirling 1996). Long-lived species attain their
reproductive capacity late, and most marine mammals, such
as pinnipeds, experience a high level of dispersion at sea af-
ter weaning. A precise estimate of postweaning survival is
therefore difficult to obtain. In contrast, preweaning survival
is a more accessible measure of offspring survival, as pups
remain continuously on the rookery during the entire rearing
period.

In this study, changes in pup growth and preweaning survival
rates were investigated in subantarctic fur seals, Arctocephalus
tropicalis, on Amsterdam Idand over seven consecutive breeding
seasons. Our objectives were to examine the degree to which
annual variation, pup characteristics, and pup performance
influenced pup growth and survival rates to gain a better un-
derstanding of female reproductive success and population
trends over time.

Materials and methods

All experimental procedures were conducted according to
the ethics and with the scientific approval of the Institut
Polaire Paul-Emile Victor Ethics Committee, and complied
with the regulations of the Canadian Council on Animal
Care.

Study site and animals

The study was carried out a La Mare aux Eléphants breeding
colony on the northeast side of Amsterdam Island in the
southern Indian Ocean (37°55'S, 77°30E), where one of the
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largest breeding colonies can be found (Guinet et al. 1994).
Thisidand lies 3000 km from Africa, Austraia, and Antarctica
and up to 400 km from the subtropical front (STF). The
breeding colony was delimited with visual reference mark-
ers, alowing us to sample the same portion of the rookery
each year from 1995 to 2001.

In subantarctic fur seals, births occur from late November
to early January, with a mean parturition date in mid-December
(Georges and Guinet 2000b). The nursing period lasts about
10 months and pups are weaned from September to Novem-
ber (Tollu 1974; Georges et al. 1999).

Tagging and weighing

The breeding colony was surveyed every day during the
parturition period. Within 12 h after birth, each newborn was
sexed, weighed (0.1 kg), and identified by a numbered
piece of plastic tape glued to the fur on the top of its head
(Georges and Guinet 2000b), except in 1998, when field
studies began in January. At about 1 month of age each
marked pup was tagged on the trailing edge of both foreflippers
with an individually numbered plastic tag (Dalton Rototags,
Dalton Supply, Nettlebed, U.K.). Each pup-seeking session
consisted of a 5-h continuous scan in the delimited rookery
section. During these surveys, all tagged pups found were
weighed using a rope attached to a spring scale (0.1 kg).
When the mother was present during the weighing of its
pup, handling of the pup was undertaken away from her, to
minimize disturbance.

In 1995, 1996, and 1999, surveys took place daily throughout
the breeding period until October and then twice a week un-
til the end of November (i.e., the end of the weaning period).
However, in 1997 and 2001, the colony was checked on
6 days per month (3 consecutive days twice monthly) throughout
the breeding period until November. In 1998 and 2000, surveys
took place on only 3 consecutive days per month throughout
the same period.

Parameters studied

As data collection only began in the first half of January
in the 1998 breeding season, and in order to work with simi-
lar datasets between years, some of the parameters studied
were only investigated from January onwards (at about 30 days

of age).

Growth rates

In pinnipeds, pup growth is not positive during the entire
rearing period but reaches a maximum and then tends to de-
crease (Fig. 1). On Amsterdam Island, subantarctic fur sed
pups reach their maximum mass in July, at about 230 days
of age (Guinet and Georges 2000). The individual global
growth rate (GRg) is defined here as the pup’s growth rate
from January to when it reached its maximum mass. GRg
was thus estimated by least-square regression of pup body
mass on pup age between 30 and 230 days of age (Fig. 1).
GRg was calculated for both sexes for the 7 years of the
study.

Another parameter was calculated in order to test the effect
of the early pup growth rate (GRg,, defined as the growth
rate of a pup during its first 2 months of life) on pup survival.
Indeed, as all of the pups used to calculate GRg were till
alive at the end of the rearing period, they could not be used
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Table 1. Global and early growth rates (GRg and GRg, respectively) of subantarctic fur seal (Arctocephalus tropicalis) pups on

1995 1996 1997 1998

Males Females Males Females Males Females Males Females
GRg (g/d) 55.3+12.8 (49) 48.6+14.8 (56) 43.2+17.6 (60) 41.4+13.6 (60) 38.3:13.9 (49) 35.0+11.4 (51) 39.5+15.4 (29) 43.9+15.2 (27)
GRgp (g/d) 50.8+22.4 (41) 54.0£22.3 (43) 55.2+26.6 (37) 52.1+23.0 (41) 47.0£25.1 (55) 56.5+25.3 (56) — —

Note: GR; is the least-square regression of pup body mass on pup age between 30 and 230 days of age. GRy, is the least-square regression of pup body
with the sample size in parentheses. Values in boldface type are significantly different between the sexes.

to test for differences in survival. For pups whose birth date
and body mass at birth were known, we calculated GRg, by
least-square regression of body mass on age between 0 and
50-70 days of age (Fig. 1). Only pups with at least four reg-
ularly time-spaced body mass measurements within these
2 months were used to calculate GRg,. This parameter is the
one most commonly used in previous studies investigating
pup growth rates in otariids, and is thus suitable for making
interspecific comparisons. GRg, was calculated for all of the
years studied except 1998, as no birth information was avail-
able for that breeding season.

Survival rates

The late pup survival rate (SR, ) is defined here as the per-
centage of pups surviving from 1 month of age until just
prior to the weaning process. It was assessed from the mark—
recapture history of each individual, using the monthly presence/
absence pattern from January to August. Recapture probabil -
ity was estimated using MARK 1.7 software (White and
Burnham 1999) and found to be 94.25 for all years studied.
With such a high recapture rate, there was very little chance
for a living tagged pup to be missed during a pup-seeking
session. Consequently, we did not determine SR, with a
mark—recapture model, but used the following rule instead: a
pup that was absent during two consecutive monthly recap-
ture events was considered dead. An associated error was
concurrently calculated as the probability of a pup being in-
correctly scored as dead (i.e., not observed during 2 consec-
utive months) when it was not (i.e., it was seen later). SR,
was determined for 5 years. We excluded 1998 and 2000
(when pups were weighed only once a month) from the dataset
because data collection was not as regular as in the other
years. In these cases, the recapture rate was not suitable for
assessing the survival rate.

The early survival rate (SRg) was concurrently defined as
the percentage of pups surviving during their first month of
life. It was also calculated from individua pup mark—recapture
records from December to February. A pup was determined
to be dead if it was absent in February and the following
months. SRg was determined for al years except 1998.

The preweaning survival rate was defined as the percentage
of pups surviving from birth until weaning, and was cal cul ated
as

100 —[(100 — SRg) +(100 — SR, )]

Oceanographic conditions

During the austral summer, breeding females subantarctic
fur seals forage up to 730 km to the southeast of Amsterdam
Island (Georges et a. 2000a), mainly near the STF, whose
northern and southern limits are defined as the 17.9 and
10.6°C surface isotherms, respectively (Lutjeharms and Val-

entine 1984). The sea-surface temperature (SST) gradient
(i.e., change in SST per unit of distance) is an indicator of
trophic conditions. the higher the SST gradient, the higher
the intensity of its frontal structure and its biological activity
(Mann and Lazier 1991). Accordingly, interannual changes
in the intensity of the SST gradient were used as a proxy to
assess interannual variations in marine productivity. The SST
gradient was calculated within a 730 km radius area southeast
of Amsterdam Island as follows:

SST gradient (°C /100 km) =17.9 -10.6°C
x 100/d s

where di\_g) is the distance between the northern and southern
limits o§ the STF. In the Amsterdam Island area, a degree of
latitude corresponds to 110.8 km. SST measurements were
obtained from the Integrated Global Ocean Service System
database of the National Ocean and Atmospheric Adminis-
tration (Reynolds and Smith 1994).

Data analysis

Statistical analyses were performed using Systat 9.0 software
(SPSS Inc. 1999). Data were normally distributed. Means
were compared using analyses of variance (ANOVA) and
then by two-group Student’s t tests. A general linear model
(GLM) was used to test the effects of pup sex, birth date,
and birth mass, year, and interactions on GR¢. Each individ-
ual in the study was known to be alive or dead from the
mark—recapture history. A logistic regression was thus per-
formed to test the effects of pup sex, birth date, birth mass,
GRg, Year, and interactions on SR, . SR, analyses using a
logistic regression were only conducted for the 1997 and
1999 breeding seasons, as the sample of dead pups that provided
opportunities for calculating GRg, was too small to allow
analysis of data from the other years. A logistic regression
was also run to investigate the effect of pup birth mass on
SRe. SRg was examined in this way for 1996, 1997, and
1999, as samples from the other breeding seasons were not
large enough to allow analysis. A Spearman’s rank-correlation
analysis was used to test the relationship between the mean
SST gradient and either GRg or SR, .

All tests were two-tailed and differences were considered
sgnificant at P < 0.05. Growth rates are given as the mean + SD
with the sample size in parentheses. GLM and logistic re-
gression tables include the contribution and values of signifi-
cant factors and interactions to the model after stepwise
backward analysis.

Results

Pup growth rates
GRg was estimated for 560 pups during the 7 years of the
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Amsterdam Island during the 19952001 breeding seasons.
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1999 2000

2001 Mean

Males Females Males Females

Males Females Males Females

35.2+14.0 (19) 359+14.8 (38)  44.2+163 (24)  38.2¢6.1 (32)
20.7+30.8 (29)  34.4+219 (43)  47.6£20.0 (10)  38.2+33.2 (10)

252+14.7 (30)  28.0+19.1 (32)  41.6£17.2 (260)
62.9+33.8 (25)  44.7+305 (24)  48.8+28.1 (197)

39.4+15.1 (296)
48.6+25.8 (217)

mass on pup age between 0 and 60 days of age. GRy, was not caculated in

1998 because hirth mass was not known. Values are given as the mean + SD

Fig. 1. Daily changes in mass of subantarctic fur seal (Arctocephalus tropicalis) pups on Amsterdam Island. The global growth rate
(GRg) was calculated as the least-square regression of pup body mass on pup age between 30 and 230 days of age. The early growth
rate (GRgy) was calculated as the least-square regression of pup body mass on age between 0 and 60 days of age.
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study (Table 1). When birth date and mass at birth for dl years
combined were considered, we found a positive relationship
(r?> = 0.018, n = 459, P = 0.004). Birth date had a negative
effect on GRg (t = —9.89, n = 460, P < 0.001), and for a
given date, pups that were heavier at birth grew faster than
pups that were lighter at birth (t = 2.99, n = 460, P = 0.003).
A linear regression showed that GRg decreased significantly
(r> = 0.63, n = 7, P = 0.033) throughout the study period.
Moreover, the mean GR differed significantly among years
(multivariant analysis of variance (MANOVA), Fpzsig =
22.8, P < 0.001): a post-hoc Bonferroni test indicated that
pups grew fastest in 1995 and experienced the slowest
growth rate in 2001 (Fig. 2).

Owing to these differences in GRg values among years,
analyses were then run for each year separately (Table 2). A
GLM completed after stepwise backward analysis indicated
that in 1995, male pups grew faster than female pups (t = 2.44,
n = 105, P = 0.016), but no difference was detected in pup
growth rates between the sexes in any of the other years
(Table 1). In 1996 and 2000, GR was positively correlated
with pup birth mass for both sexes (Table 2), whereas in
1995, this correlation was detected only in females (t = 2.61,
n =47, P =0.012) and not in males (t = -0.92, n =45, P =
0.362). In 1997, male pups born earlier in the season were
found to grow significantly faster (t = —2.29, n = 49, P = 0.027),

age (days)

but this pattern was not detected for female pups (t = 0.80,
n = 51, P = 0.426). In 1998, 1999, and 2001, none of the
factors examined were found to have a significant influence
on pup GRg (Table 2).

Pup survival rates

SR was calculated from 732 pups and ranged from 1% in
2001 to 20.2% in 1999 (Table 3, Fig. 3). When al years
were combined, pup birth mass was found to have a positive
effect on SRg (logistic regression, t = 2.079, n = 407, P =
0.038). However, no relationship was found when this analy-
sis was run for each year.

SR, was determined for 648 pups. A logistic regression
showed that the interaction between year and birth date was
significant (t = 3.41, P = 0.001). This implies that birth date
could possibly play different roles in determining SR, de-
pending on the year in question. We therefore conducted lo-
gistic regressions for 1997 and 1999 independently.

Neither sex nor birth mass was found to be significant in
variations of pup SR, when data from these years were ana-
lyzed separately (Table 4). The interaction between birth
date and GRg, was significant for both years (Table 4). We
therefore divided the birthing period into two sections, be-
fore (early) and after (late) the mean birth date (i.e., 12 De-
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Fig. 2. Interannual variations in the global growth rate for subantarctic fur seal pups for the 1995-2001 breeding seasons. A Student’s t
test with Bonferroni correction shows the lowest growth rate in 2001 and the highest in 1995. Only nonsignificant (ns) results are identified.
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cember), to investigate the effect of GRgy on pup survival in
each section. In 1997, unlike 1999, the sample of dead pups
from which it was possible to calculate GRg, for each cate-
gory (early/late) was large enough to allow us to conduct the
analysis. In 1997, preweaning surviving early-born males
had a significantly higher GRg, (t = 2.60, n = 32, P = 0.009)
than those that died before the end of the rearing period
(Fig. 4). However, no effect of GRg, on preweaning survival
has been detected for early-born females (t = -0.33, n = 25,
P = 0.740) or late-born pups (t = -0.89, n = 54, P = 0.377).

Oceanographic conditions

The SST gradient at the STF in the southeast region of
Amsterdam Island was lowest in 1997 and highest in 1999
(0.636 and 0.698, respectively). Changes in the mean SST
gradient throughout the years were not correlated with changes
in either GRg (Spearman’s rank correlation, rg = —0.27,
P > 0.05) or SR, (rg= 0.3, P> 0.05) (Fig. 5).

Discussion

Intraannual variations

Pup growth rates

On Amgterdam Idand, GR; and GRg, values for subantarctic
fur seal pups are among the lowest ever reported for otariids
(see Table 1; Antarctic fur seal, Arctocephalus gazella, range
59-108 g-d% Lunn and Boyd 1993b; Lunn et al. 1993;
Guinet et a. 1999; New Zealand fur seal, Arctocephalus
forsterii, range 58-102 g-d™*; Goldsworthy 1992; Lea and
Hindell 1997; A. tropicalis, range 81-96 g-d™%; Tollu 1974;
Kerley 1985; C. ursinus, range 57-72 g-d% Gentry and
Kooyman 1986; Juan Fernandez fur sedl, Arctocephalus philippi,
range 65-82 g-d~%; Ochoa-Acufia et al. 1998; Gal&pagos fur
sedl, Arctocephalus galapagoensis, range 43-58 g-d; Trillmich
1986). The GRg value is also lower than that previously

found for subantarctic fur seal pups on Amsterdam Island
(Guinet and Georges 2000), which indicates a decreasing
trend through time in the breeding colony.

Male and female pups grew at similar rates during all
breeding seasons except 1995, when males grew signifi-
cantly faster than females (Table 1). Moreover, the 1995
breeding season showed the highest GR¢ value of the 7-year
study period, which suggests a year of high food availability
(Doidge et a. 1984b; Trillmich and Ono 1991; Bester and
Van Jaarsveld 1997; Lea and Hindell 1997). This supports
Trillmich's (1996) hypothesis that the sex difference in pup
growth rates might vary according to environmental factors,
such as prey availability (i.e., sex differences were found
during years of high prey availability). In fact, the sexes
seem to use different growth strategies, male pups preferen-
tially consuming fat while females adopt a fat-conserving
pathway (Beauplet et al. 2003). This could explain why male
pups take more advantage of bigger fat reserves acquired
during years of higher food availability.

Low mean pup growth rates (GRg and GRg) and the gen-
eral lack of intersexual differences throughout the study
period suggest that subantarctic fur seals breeding on Am-
sterdam Island were exposed to low food availability during
most of these years (Table 1). Thisis consistent with the ex-
treme attendance pattern among lactating subantarctic fur
seals observed on Amsterdam Island, where females perform
the longest foraging trips ever recorded in fur seals (Georges
and Guinet 2000a).

When years were pooled, for a given date, pups that were
heavier at birth grew faster than those that were lighter at
birth. However, this relationship was found to be significant
for both sexes only in 1996 and 2000 and for females only
in 1995. Previous studies of otariids have shown a negative
relationship (Doidge et a. 1984b; Lunn and Boyd 1993b;
Mison-Jooste 1999) or no relationship (Doidge and Croxall
1989; Georges and Guinet 2000a) between birth mass and

© 2003 NRC Canada



1234

Table 2. GLM analysis of pup growth in relation to sex, birth mass, and birth date during the 1995-2001 breeding seasons.

Global growth rate
1995 (n = 92)

1998 (n = 13) 1999 (n = 56) 2000 (n = 22) 2001 (n = 57)

1997 (n = 100)

1996 (n = 118)

df

df

df

Independent variable

Sex

0.39
0.87
0.52
0.39
0.60

0.7

0.17
0.23
0.01
0.78
0.38

1.2
16

10

0.11
0.31
0.73
0.11
0.47

1

2.7

0.87
0.59
0.62
0.87

1
1

0.03 0.03

1
1

4.6
2.2

0.59
0.29
0.05
0.07
0.05

1

0.3
11
4.0
33
18

0.02
0.55
0.30
0.02
0.01

55

0.03
0.4

1.07
0.1

0.14 03
0.18
0.03
0.47

0.3

Birth date

1
1
1

0.3

1.8
4.6
0.5

1

11
55

Birth mass

0.7
0.3

0.08
0.8

2.7

0.03
0.02

Sex x hirth date

Sex x birth mass

090 05

1

7.7

Note: The global growth rate (GR;) is the dependent variable. Values in boldface type are significantly different after stepwise backward analysis.
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pup growth rate. Asin other studies, the differences between
years that were found here could be due to a variety of vari-
ables, such as environmental conditions, species, study sites,
and sample size.

Overall, our results showed no clear evidence that any of
the factors studied had an effect on GRg. This could be
partly because the mother’s size and attendance pattern (i.e.,
foraging-trip duration and regularity) have been found to
play a major role (up to 40%) in variations of pup growth rate
within a given year (A. gazella; Doidge et al. 1984b; Lunn
and Boyd 1993a, 1993b; Lunn et al. 1993; A. forsterii; Lea
and Hindell 1997; A. tropicalis; Georges and Guinet 2000a,
2000b; Guinet et al. 2000). Our sample may also have been
too small year by year to detect any effect of the factors
tested.

Pup survival rates

On Amsterdam Island, the mean preweaning survival rate
for the subantarctic fur seals (SRg and SR, combined) over
5 of the 7 years of the study was 67.7% (Table 3). This result
is surely an overestimate, as the preweaning survival rate
was calculated from tagged pups, which survived at least
during December (i.e., the first 15 days of life): perinatal
mortality was thus not considered. However, the range of
pup SR values found in this study (1-20.2%) is consistent
with previous results for otariids (Doidge et a. 1984a; Harcourt
1992).

No difference in SR, values was found between male and
female subantarctic fur seal pups on Amsterdam Island. This
result is similar to that found for C. ursinus (Boltnev et al.
1998) and U. maritimus (Derocher and Stirling 1996). However,
it is different from previous results found in other highly di-
morphic and polygynous mammal species such as ungulates,
where young males usually show a higher mortality rate than
females (Darwin 1871; Trivers 1972; Clutton-Brock et al.
1985). Those studies, though, dealt with the overall survival
rate of young (i.e., pre- and post-weaning survival), so it is
possible that an intersexual difference in postweaning survival
could occur (Baker and Fowler 1992) in otariids, as their
offspring have to face strong constraints after weaning.

On Amsterdam Island, subantarctic fur seal pups that were
heavier at birth had a higher SRg than pups that were lighter
at birth, as has previously been found in other fur seal species
(Calambokidis and Gentry 1985; Boltnev et al. 1998; Georges
and Guinet 2000b). However, we found no effect of birth
mass on SR, in this species, which has a long (10 month)
lactation period. A possible explanation is that birth mass
may play a minor role compared with environmental condi-
tions, as suggested by Baker and Fowler (1992). Similarly,
mortality of Antarctic fur seal pups was found to be posi-
tively correlated with the foraging-trip duration of their
mother (Boyd et a. 1995), which is known to be an indica-
tor of food availability in a given location (Trillmich and
Ono 1991; Boyd et a. 1994; Boyd 1999).

Overall, SR, was positively related to SRg. When the data
were analyzed year by year, this relationship was only found
to be significant in 1997 for male pups born before the mean
birth date. Georges and Guinet (2000b) reported that on Am-
sterdam Island, SRg was twice as high for pups born earlier
in the breeding season than for those born later. It is aso es-
tablished that in long-lactating fur seal species, larger (i.e.,
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Table 3. Early, late, and preweaning mortality rates and preweaning survival rates in
subantarctic fur seal pups on Amsterdam Island during the 1995-2001 breeding seasons.

1995 1996 1997 1999 2001 Mean
n 119 151 190 89 100 648
Early mortality (%) 25 33 20.1 20.2 1.0 9.4
Late mortality (%) 85 18.5 425 39.0 11.0 239
Late-mortality error (%) 5.0 2.6 4.7 2.2 6.9 4.3
Preweaning mortality (%) 11 21.8 62.6 59.2 12 333
Preweaning survival (%) 89.0 78.2 37.4 40.8 88.0 66.7

Note: Early mortality is defined as pup mortality during the first 2 months of life. Late mortality is
defined as pup mortality from 2 months to weaning. Preweaning mortality is the sum of early and late
mortalities. Preweaning survival is 100 minus preweaning mortality. The error represents the percentage
of time a mistake was made in assuming a pup was dead when it was not seen during two consecutive
recapture sessions. In the 1998 and 2000 rearing periods, mortality was not calculated, owing to irregu-

lar data collection that resulted in a low recapture rate.

Fig. 3. Interannual variations in early and late survival rates for subantarctic fur sea pups for the 1995, 1996, 1997, 1999, and 2001
rearing periods. The 1998 and 2000 breeding seasons were excluded because data collection was not regular and the recapture rate was

too low.
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experienced) mothers tended to give birth to heavier pups
later during the parturition period (Mison-Jooste 1999; Georges
and Guinet 2000b; Guinet et a. 2000). The relationship between
GRgp and SR, was found to be not significant in female
pups. This suggests that in relation to the sex differences in
body composition, growth strategy, and fasting metabolism
(Arnould et al. 1996; Beauplet et al. 2003), male pups may
be more vulnerable to variation in growth rates.

Interannual variations

Growth and preweaning survival rates of subantarctic fur
seal pups were not constant over the 7 years of the study.
During this period, however, climatic conditions remained

stable, except in February 1998, when tropical storm Anacelle
struck the island. Unfortunately, no survival data could have
been extracted from the field collection data for that year.
Pups raised during the reproductive season of 1995 showed
a higher GRg than those raised during 2001 (Table 1). Al-
though these years may substantially drive this trend, GRg
tended to decrease over the study period. Moreover, this pat-
tern is also confirmed by higher values found in previous
studies of this reproductive colony (Tollu 1974; Roux 1986).
The preweaning survival rates of subantarctic fur seals
ranged from 37.4 to 89.0% (Table 3). These values appear to
be lower than those generaly found in fur seal studies
(Doidge et al. 1984a; Trillmich and Ono 1991) and in
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Fig. 4. Early growth rates for early-born male and female subantarctic fur seal pups that died or survived the rearing period in 1997.
Early-born pups are those that were born before the mean birth date (12 December). A Student’s t test showed that the GRg, value for
male pups which survived to weaning is higher than for pups that died (***, P < 0.001).

I pups that died during the rearing period
1 pups that survived during the rearing period

100

* k%

80 -

60 -
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40 -

early growth rate (g/d)

20 +
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Table 4. Analysis (logistic regression) of pups late survival rates
(SR)) in relation to sex, birth mass, birth date, and early growth
rate (GRg) during the 1997 and 1999 breeding seasons.

SR,

1997 (n = 111) 1999 (n = 66)

t P t P
Independent variable
Sex 0.98 0.32 -1.63 0.10
Birth date 2.58 0.01 —2.43 0.02
Birth mass 0.73 0.46 -0.03 0.97
GRgo 2.88 0.00 -1.99 0.05
Birth date x GRg —2.88 0.00 1.99 0.05

Note: SR, is the dependent variable. Values in boldface type are signif-
icantly different after stepwise backward analysis. Analysis of data from
the 1995, 1996, 1998, 2000, and 2001 breeding seasons was not possible
because the number of dead individuals with a GR, value was too small.

A. tropicalis at Amsterdam Island (Roux 1986). Interannual
variability of pup survival and growth rates is usually related
to food availability (i.e., abundance and accessibility), which
can be determined by the duration of lactating females' for-
aging trips (Doidge et al. 1984b; York 1991; Trillmich and
Ono 1991; Lunn et al. 1993; Boyd et al. 1994; Bester and
Van Jaarsveld 1997; Boltnev et al. 1998; Boyd 1999). Our
results thus suggest that subantarctic fur seals breeding on
Amsterdam Island faced better trophic conditions during the
1995 lactation period than in any of the other years exam-
ined. Overall, GRgy Was higher than GRg (Table 1). This
could be explained by the higher maintenance cost experi-
enced by heavier pups (Guinet et al. 2000). This result also
suggests that food availability is globally better during the

female pups

austral summer than during the following months, which
confirms previous results for fur seals on Amsterdam Island
(Georges and Guinet 2000a; Georges et al. 2000b).

The SST-gradient intensity has been shown to be a physi-
cal indicator of oceanographic conditions and a priori of
trophic conditions (Mann and Lazier 1991). The SST gradi-
ent showed some variations during the first years of the
study (1995-1998) but remained stable from 1999 to 2001
(Fig. 5). Overdl, the decreasing trend in pup growth rate
was not related to high pup mortality, and neither of those
parameters was related to changes in the SST gradient, espe-
cially during the latter years of the study period (Fig. 5). The
subantarctic fur seal population on Amsterdam Island is still
increasing slightly (unpublished data), which may result in
lower prey availability per capita (Bester and Van Jaarsveld
1994). Some lactating females may therefore no longer be
able to insure sufficient growth performance for their pups.
However, subantarctic fur seal pups have been found to be
well adapted to long fasting periods (Beauplet et al. 2003)
and are therefore able to endure and survive low growth
rates. In a density-dependent situation (i.e., a moderate de-
crease in food availability), these results could partly be the
cause of the dissociation between the growth rate and SR,
as was found by Trillmich and Ono (1991) during moderate
El Nifio events. We propose that the subantarctic fur sea
population on Amsterdam Island may be reaching its carry-
ing capacity (Guinet and Georges 2000). This phenomenon
could thus explain the absence of a relationship between the
SST gradient and the studied parameters, which seems to oc-
cur especially since 1999 (Fig. 5; a high and constant SST
gradient, suggesting favourable trophic conditions, but a de-
creasing and unstable GRg). The general model of popula-
tion autoregulation states that variation in the survival of
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Fig. 5. Changes in the mean sea surface temperature (SST) gradient at the subtropical front southeast of Amsterdam Island and global
growth rates (GRg) for subantarctic fur seal pups throughout the 7 years of the study (a) and late survival rates (SR, ) for subantarctic
fur seal pups for the 1995, 1996, 1997, 1999, and 2001 breeding seasons (b). The 1998 and 2000 rearing periods were excluded be-

cause data collection was not regular and the recapture rate was low.
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young is one of the major causal factors involved (Eberhardt
1977). A low pup growth rate should indeed affect the mass
at weaning, which is known to be criticd for future pup surviva
(Baker and Fowler 1992; Boltnev et al. 1998; McMahon et
al. 2000). In fact, pups born during the breeding season of
2001 exhibited the lowest weaning mass found throughout
the 7 years of the study (unpublished data). Consequently,
although preweaning survival was not density-dependent, one
might expect pups to experience particularly low postweaning
survival rates during that year.
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