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Modelling fur seal populations requires the accurate assessment of demographic parameters
such as age-specific mortality. Owing to the highly variable mortality rates that pups are
subject to, mortality of this age class is perhaps the most important factor determining the
number of surviving individuals within each cohort.Early pup mortality,sex ratio and median
pupping date were determined for sympatric populations of Subantarctic fur seals
(Arctocephalus tropicalis) and Antarctic fur seals (A. gazella) at Marion Island, Southern
Ocean. Mortality for this species was density dependent, varying from 0.8% at low density
sites to 10.9% at high density sites. More accurate methods employed at low-density sites
showed a substantially higher pup mortality at three weeks of 1.3–3.4% for Subantarctic fur
seals. The same method yielded a mortality estimate at four weeks of age of 1.1–5.1% for
Antarctic fur seals. Despite the underestimate inherent in island-wide counts for
Subantarctic fur seals, these estimates are still useful for observing temporal and spatial
patterns. Sex ratios were at parity for newborns of both species. The sex ratio of eight-
week-old Subantarctic fur seal pups was also at parity, which is unusual for fur seal popula-
tions. The median pupping dates determined for Subantarctic fur seals and Antarctic fur
seals did not differ substantially from previous estimates.

Key words: Arctocephalus gazella, Arctocephalus tropicalis, density dependence, Marion Island,
median pupping date, mortality, sex ratio, Southern Ocean.

INTRODUCTION
Essential to understanding the biology of pinni-
peds, and their conservation, is the modelling of
their populations (Caughley 1980; Wickens & York
1997). These models require the accurate mea-
surement of a number of demographic parameters
related to survival and fecundity (Caughley 1980;
Wickens & York 1997). Amongst the most essen-
tial data are those related to pups. This age class
experiences highly variable rates of mortality
(Doidge et al. 1984a; Fowler 1990; Harcourt 1992;
Majluf 1992), which are often influenced by sex
(De Villiers & Roux 1992; Guinet et al. 1999;
Bradshaw et al. 2003; Chambellant et al. 2003)
and timing of parturition (Lunn & Boyd 1993; Lunn
et al. 1994). Mortality of this age class is possibly
more important than that of any other in determining
the size of a cohort at breeding age, with mortality
reaching close to one hundred percent in some
years for some populations (Trillmich 1985; Roux
1998;Soto & Arias-Schreiber 2004).Demographic
parameters for fur seals have been reviewed in

Croxall & Gentry (1987) and in Wickens & York
(1997). It is apparent that many essential data are
lacking for a number of species of fur seals. In addi-
tion, many authors have noted various method-
ological problems and other limits to the value of
these data (Kerley 1987; Shaughnessy et al.
1995; Wickens & York 1997; Bradshaw et al. 2003;
Hofmeyr et al. 2005).

Two of the most populous of the nine species of
fur seals are the Antarctic fur seal (Arctocephalus
gazella) (Boyd 1993; Goebel et al. 2003; Hucke-
Gaete et al. 2004; Hofmeyr et al. 2005) and the
Subantarctic fur seal (A. tropicalis) (Bester 1987;
Guinet et al. 1994; Hofmeyr et al. 2006). Demo-
graphic parameters of these species have been
described in detail in a number of studies (Hes &
Roux 1983; Doidge et al. 1984a; Bester 1987;
Kerley 1987; Shaughnessy & Goldsworthy 1990;
Bester 1995; Hofmeyr et al. 2005; Hofmeyr et al.
2006). Differences between various populations
(Croxall & Gentry 1987; Wickens & York 1997),
between sites within populations (Doidge et al.
1984a; Boveng et al. 1998) and between years
(Doidge et al. 1984a; Lunn & Boyd 1993; Boyd &
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Murray 2001; Chambellant et al. 2003; Hofmeyr
et al. 2005; Reid & Forcada 2005), have also been
noted, requiring that monitoring of these factors be
ongoing and widespread.

Populations of both species are found at the
Prince Edward Islands, an isolated group of two
islands in the Southern Ocean (Fig. 1). While the
two species breed on both islands, they tend to
inhabit different terrain and therefore generally
occupy different sites (Kerley 1984; Hofmeyr et al.
2006). Changes in the sizes and distributions of
these populations have been described in detail
(Bester et al. 2003; Hofmeyr et al. 2006), as have
aspects of their behavioural ecology (Bester & Van
Jaarsveld 1994; Bester & Van Jaarsveld 1997;
Kirkman et al. 2002; Kirkman et al. 2003). Other
demographic data, however, are old (Kerley 1983;
Kerley 1987) and of limited value in comparing
the Prince Edward Islands populations with
conspecifics and other species. We report recent
assessments of median pupping date, pup mortality
and sex ratio at Marion Island, one of the two
islands in the Prince Edward Islands group.

METHODS

Study site
Marion Island (46°54’S, 37°45’E; Fig. 2) is some

290 km2 in area and has a circumference of 87 km.
In the 2003/04 breeding season an estimated
16 000 Subantarctic fur seal pups were born at
137 rookeries, and an estimated 760 Antarctic fur
seals pups at 16 rookeries on the island (Hofmeyr
et al. 2006). While Subantarctic fur seal rookeries
were found on most parts of Marion Island’s coast-
line, they varied in size and density, ranging from
beaches with single pups to Fur Seal Peninsula,
at which site 38.5% of the island’s Subantarctic fur
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Fig. 1. Map of the Southern Ocean showing the location of islands or island groups mentioned in the text.

Fig. 2.Map of Marion Island showing the location of sites
mentioned in the text. Single asterisks indicate Sub-
antarctic fur seal rookeries while double asterisks indi-
cate Antarctic fur seal rookeries.



seal pups were born during 2003/04 (Hofmeyr
et al. 2006). Other Subantarctic fur seal rookeries
of major importance to this study (with proportion
of total pup production) are Fur Seal Bay (8.8%),
Mixed Pickle Cove (7.5%), Trigaardt Bay (6.6%),
Sealers’ Beaches at Cape Davis (6.1%) and
Ship’s Cove (1.6%). Antarctic fur seal rookeries
were less evenly distributed, with 82.7% of pup
production taking place at Watertunnel Beach and
9.3% at Landfall Beach (Fig. 2; Hofmeyr et al.
2006).

Median pupping date
Median pupping dates were determined using

regular counts of fur seal pups at Ship’s Cove
(Subantarctic fur seals) and Landfall Beach
(Antarctic fur seals) from late November to early
January in the 2001/02, 2003/04, 2004/05 and
2005/06 seasons. Counts were conducted an
average of 3.6–6.7 days apart, depending on the
season, with maximum intervals of 13 days in the
2005/06 season. The data were analysed using
simplified probit analysis (Caughley 1977). This
technique is commonly used for the analysis of the
median pupping dates of fur seal populations
(for example: Bester 1987; Shaughnessy & Golds-
worthy 1990; De Villiers & Roux 1992).

Pup mortality
Minimum pup mortality was estimated following

two methods. For Method 1, a single observer,
moving on foot, counted both live pups and pup
carcasses at all rookeries except for the two
largest (Fur Seal Peninsula and Fur Seal Bay)
from 27 January to 3 February 2001. Where more
than 120 live pups were found at a rookery, an
average of three counts was used. Mortality was
calculated separately for each rookery as the
proportion that pup carcasses formed of the total
of both live and dead pups.

For Method 2, both live and dead pups were
counted at Ship’s Cove (Subantarctic fur seals)
and Landfall Beach (Antarctic fur seals) from late
November to early January in the 2003/04 and
2004/05 seasons. These counts were conducted
an average of 3.6–4.9 days apart, depending on
the season and, while these intervals were mostly
of less than seven days, on one occasion the inter-
val for Ship’s Cove during the 2003/04 season was
nine days. Dead pups were either removed from
the site, or their position noted and monitored at
each visit.

Sex ratio
Sex ratios of groups of newborn pups were

determined by the examination of pups at two
colonies. Pups were regarded as newborn if an
umbilical cord was still attached. Newborn
Subantarctic fur seal pups were examined at
Ship’s Cove between 2 and 21 December 2003
and newborn Antarctic fur seal pups were exam-
ined at Landfall Beach between 1 and 18 Decem-
ber 2003. In addition, a total of 500 Subantarctic fur
seal pups were captured at a median age of 55
days at Fur Seal Peninsula on 9 and 10 February
2004.All were marked with a spot of indelible paint
to ensure that they were not recaptured, and their
sex was determined.

RESULTS

Median pupping date
The median pupping dates of Subantarctic fur

seals varied from 16–20 December, and for Antarc-
tic fur seals from 5–7 December (Table 1).

Pup mortality
Following Method 1, 4921 Subantarctic fur seal

pups were counted at 57 rookeries. Of these pups,
211 were dead. The mean minimum pup mortality
for rookeries of five different size classes varied
from 0.8 to 10.9% (Fig. 3), with percentage
mortality increasing with rookery size. These
differences were significant (G-test for good-
ness-of-fit = 141.9, d.f. = 4, P < 0.01). No dead
pups were found during counts of Antarctic fur seal
rookeries.

For Method 2, a total of 150 Subantarctic fur seal
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Table 1. Median pupping date of Subantarctic fur seals
and Antarctic fur seals at Marion Island during various
pupping seasons.

Species and season n Median pupping
date

Subantarctic fur seals
2001/02 130 16 Dec
2003/04 150 20 Dec
2004/05 148 18 Dec
2005/06 150 18 Dec
Mean – 18 Dec
Antarctic fur seals
2003/04 79 7 Dec
2004/05 95 5 Dec
2005/06 99 7 Dec
Mean – 6 Dec



pups (two dead) were counted in 2003/04, and
148 (five dead) in 2004/05. The mean mortality
rate at an approximate age of 23 days varied
from 1.3% to 3.4%, with a weighted mean of 2.3%
(Table 2). Counts of Antarctic fur seal pups yielded
79 (four dead) in 2003/04, and 95 (one dead) in
2004/05. The mortality rate to an age of approxi-
mately 32 days for this species varied from 1.1% to
5.1% with a mean of 2.9% (Table 2).

Sex ratio
Nine of the 18 newborn Subantarctic fur seal

pups examined at Ship’s Cove were male (50%).
Of 44 newborn Antarctic fur seal pups examined
at Landfall Beach, 22 were male (50%).When con-
sidering 55 day old Subantarctic fur seal pups,
50.6% were male. This ratio is not significantly
different from parity (χ2 = 0.04, d.f. = 1, P = 0.849).

DISCUSSION

Median pupping date
Median pupping date is determined by the date

of implantation of the blastocyst, which does not
occur immediately after fertilization in most species
of pinnipeds, being delayed by a period of several
months.The onset of implantation is a photoperiod
response, with the physiological reaction leading
to implantation probably being mediated through
the pineal gland (Daniel 1974; Daniel 1981; Boyd
1991). Implantation is known to vary with latitude for
a number of species of pinnipeds, with populations
from lower latitudes generally pupping earlier that
those from higher latitudes (Temte 1985; Temte &
Temte 1993; Temte 1994). The median pupping
dates of the 16–20 December, determined for
Subantarctic fur seals, and 5–7 December, deter-
mined for Antarctic fur seals (Table 1), differ by a

maximum of only three days from those described
by Kerley (1983) for these two species at this site
for the 1980/81 season. These values for
Subantarctic fur seals are approximately a week
later than those reported for the populations at
Gough Island (Bester 1987) and Amsterdam
Island (Roux & Hes 1984). The differences in
latitude of nine degrees between the study site
and the other islands may be sufficient to account
for the differences in median pupping date
between these three Subantarctic fur seal popula-
tions.

The median pupping date of Antarctic fur seals at
Marion Island is similar to that described for most
years for the population at South Georgia (Doidge
et al. 1984a; Lunn & Boyd 1993) despite a seven
degree difference in latitude. The date for Marion
Island is approximately five days earlier, however,
than the median pupping dates for Heard Island
(Shaughnessy & Goldsworthy 1990) and for South
Georgia in the 1990/91 season (Lunn & Boyd
1993).
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Fig. 3. Rookery size and minimum pup mortality of Subantarctic fur seals at Marion Island.

Table 2. Mortality rates of Subantarctic and Antarctic fur
seal pups on Marion Island during selected summer
pupping seasons. Mortality rates determined by regular
counts of live and dead pups (Method 2).

Season Median age Mortality rate
(days) (%)

Subantarctic fur seals
2003/04 22 1.3
2004/05 24 3.4
Weighted mean 2.3
Antarctic fur seals
2003/04 29 5.1
2004/05 36 1.1
Weighted mean 2.9



Pup mortality
Biases have been noted in assessments of pup

mortality for a number of pinniped populations
(Aurioles & Sinsel 1988; Shaughnessy et al. 1995;
Hofmeyr et al. 2005), including a previous study at
this site (Kerley 1987). Both methods used to
determine pup mortality in this study have inherent
limitations.While both are negatively biased, since
an unknown number of dead pups will not be
counted, Method 2 is likely to be more accurate. A
comparison of the results obtained by the two
methods for the Subantarctic fur seal rookery at
Ship’s Cove is relevant, despite not being conducted
in the same years. Pup mortality as determined by
Method 1 was 0.75%, which is one third of that
determined by Method 2 (a mean of 2.3%) despite
the longer time period over which mortality was
assessed (six weeks compared to three weeks).
Method 2 is, however, constrained by the greater
effort and longer time period required for its imple-
mentation, both of which limited execution in this
study. Method 1 allows a measure of mortality to
be obtained over a relatively short time and for a
large number of rookeries. While comparisons
between previous studies and other populations
are obviated by the negative bias inherent in this
method, counts determined by Method 1 are still
valuable in allowing comparisons between years,
between rookeries during one year, and in giving
some indication of the proportion of pup production
missed due to mortality (e.g. see Hofmeyr et al.
2006).

Carcasses not counted during assessments of
mortality will have been lost; having either fallen
into the spaces between boulders, sunk to the
bottom of pools, been washed out to sea or disinte-
grated due to trampling by other seals and dis-
memberment by carrion birds (Kerley 1987;
Aurioles & Sinsel 1988; Shaughnessy et al. 1995;
Hofmeyr et al.2005).The proportion of fur seal pup
carcasses counted at any one rookery should
therefore be influenced by its topography, exposure
to waves and by the density of the resident popula-
tion. These factors may affect the extent of the
difference between the real and perceived rates of
mortality and therefore limit the validity of compari-
sons between rookeries.

Rates of increase of the Subantarctic fur seal
population at Marion Island have declined over the
past 15 years, primarily due to a cessation of
growth at the larger high-density rookeries
(Hofmeyr et al. 2006).The much smaller population
of the sympatric Antarctic fur seal, however, has

continued to increase rapidly (Hofmeyr et al.
2006). Broad similarities in prey size distribution
and a lack of any significant differences in species
composition of the prey of the two species of fur
seals at this site (Makhado 2001) suggest that
food resources are unlikely to be an important
factor limiting the population of Subantarctic fur
seals. The greater rates of pup mortality for larger
rookeries at Marion Island suggest that spatial
density dependent factors may play a role in the
cessation of population growth of the larger rook-
eries. Density dependent pup mortality has been
described for a number of other fur seal populations
(Doidge et al. 1984a; Fowler 1990; Harcourt
1992). At Marion Island such mortality is likely to
be due to factors operating at rookeries them-
selves (failure of mother–pup bond, injury due to
aggression by adult females and unintentional
crushing by adult males) rather than limited
access by mothers to prey. While the locations of
foraging areas around Marion Island are at present
unknown, the long foraging periods at sea under-
taken by adult females (Kirkman et al. 2002) would
allow them to travel relatively far from their rookeries.
In addition, preliminary studies indicate that that
foraging areas may be several hundred kilometres
distant from the island (Akkers 2002). Since the
distances separating rookeries on a coastline of
only 87 km are relatively short compared to forag-
ing ranges, adult females from the different rooker-
ies on Marion Island should have approximately
equal access to these areas.

Sex ratio
A number of species of fur seals have been

reported to show a male bias in the sex ratio of
pups at one to two months of age, including
Antarctic fur seals (Bonner 1968), Australian fur
seals (A.pusillus doriferus) (Warneke unpubl.data
in Wickens & York 1997), Cape fur seals (A. p.
pusillus) (De Villiers & Roux 1992), New Zealand
populations of New Zealand fur seals (A. forsteri )
(Bradshaw et al. 2003) and northern fur seals
(Callorhinus ursinus) (York & Antonelis 1990 in
Wickens & York 1997). No significant difference
from parity was reported, however, for Australian
populations of New Zealand fur seal pups at a
similar age (Goldsworthy & Shaughnessy 1994).
The lack of any significant sex bias reported in
this study for Subantarctic fur seal pups at Marion
Island at 55 days of age accords with the finding of
Kerley (1987) for this species at this site at a similar
age (approximately two months).
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In fur seals, the sex ratio is at parity, both for
foetuses (York & Hartley 1981; Oosthuizen 1991;
De Villiers & Roux 1992; Ximinez et al. 1984 in
Wickens & York 1997), and newborn pups (Stirling
1971; Payne 1977; Payne 1979; Trillmich 1986;
Bester 1987; Boyd & McCann 1989; Shaughnessy
& Goldsworthy 1990;Page et al.2003) of a number
of species. This includes both Subantarctic
(Bester 1987) and Antarctic fur seals (Boyd &
McCann 1989; Shaughnessy & Goldsworthy
1990). Although the sample sizes are small, the
data presented here indicate that this is also the
case at Marion Island. The disparity between an
even sex ratio at birth and a male bias at one to two
months of age can only be due to greater female
mortality in the first few weeks of life (De Villiers &
Roux 1992; Guinet et al. 1999; Chambellant et al.
2003). Male fur seal pups are larger than females
on average (Payne 1979; Doidge et al. 1984b;
Kerley 1985; Bester 1987; Bester & Van Jaarsveld
1994). Their greater size and strength may be of
advantage to them in avoiding trampling, falling
into holes and moving between areas of a rookery
during the first few weeks of life.

Sites that show an even sex ratio of pups at one
to two months of age are unusual. It is possible that
the even sex ratio noted for the Marion population
is at least partially due to a bias in the selection of
pups for the sample. Bradshaw et al. (2003) found
that larger (and therefore mostly male) New
Zealand fur seal pups were less likely to be
captured, possibly because they are faster and
more adept at avoiding capture. This is unlikely to
have been a factor in this study, since every effort
was made to select individual pups randomly prior
to capture and then to capture those selected. It is
possible, however, that the observers inadver-
tently selected more pups from the areas in which
females were, for some reason, more common
than male pups.

Bradshaw et al. (2003) suggested that the sex
ratio of fur seal pups should tend towards unity in
poorer years. Male and female pups follow different
growth strategies (Guinet et al. 2000;Arnould et al.
2001; Georges & Guinet 2001) with male pups
both being heavier at birth and having higher
growth rates, and therefore requiring greater food
resources (Guinet et al. 2000; Chambellant et al.
2003). The limited food resources provided by
mothers during poor years may therefore have a
greater effect on male than on female survival,
resulting either in an even sex-ratio, or one favour-
ing female pups (Guinet et al. 1999; Chambellant

et al. 2003). Conditions during the 2003/04 season
at Marion Island are therefore relevant. Pup
masses for this season, however, do not indicate
that it was a particularly poor one. The masses of
both male and female pups in the 2003/04 season
(Mammal Research Institute, unpubl. data) are not
very different from those for other years (Kirkman
et al. 2002; Leach 2003). While it is possible that
the conditions to which fur seal pups are subjected
to at Marion Island do not lead to greater female
mortality, reasons for the parity in pup sex ratio
are, at present, unknown.
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