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Abstract: The relationships between female reproductive parameters (fertility, pregnancy, and lactation status) and body
mass, body condition, and body length in South African fur seals (Arctocephalus pusillus) were investigated over 4
years. Ovulation rate in every year was 100% despite interannual differences in female body condition index (BCI).
The overall pregnancy rate was 79%. The proportion of pregnant females was related to BCI but not to body mass or
body length. In good years, BCI decreased through the first part of the reproductive cycle to a minimum at
implantation and increased again through pregnancy. In 1989, BCI declined over the whole reproductive cycle, and
there was a higher proportion of nonpregnant females and failures of lactation. Thus, poor nutritional conditions may
affect reproductive success through failure to rear a pup, and pup production the following year may also be reduced.
This lower rate of pregnancy is partly explained by an increase in the incidence of spontaneous abortions, but other
parameters such as a lower implantation rate are also likely to be involved.

Résumé: Dans cette étude nous examinons les relations entre, d’une part, les variables associées à la reproduction
(fertilité, taux de gestation et de lactation) et, d’autre part, la masse, l’indice de condition physique (ICP) et la
longueur du corps, chez des femelles de l’Otarie du Cap (Arctocephalus pusillus). Pour l’ensemble de la période
d’étude, le taux d’ovulation a été de 100% malgré les différences inter-annuelles d’ICP des femelles, mais le taux de
gestation n’a été que de 79%. La proportion de femelles en gestation s’est avérée en corrélation avec l’ICP des
femelles, mais la masse ou la longueur n’ont pas influencé cette variable. Les années où les conditions alimentaires ont
été bonnes, l’ICP des femelles a diminué pendant la période de préimplantation pour atteindre des valeurs minimales
en période d’implantation puis augmenter de nouveau pendant la gestation. En 1989, une mauvaise année, l’ICP des
femelles a diminué tout au cours du cycle reproducteur et il y a eu uneplus forte proportion de femelles non
reproductrices et non nourricières cette année-là. Il semble donc que de mauvaises conditions alimentaires affectent le
succès de la reproduction en entravant le succès de l’élevage du petit et en diminuant le taux de gestation. La
diminution du taux de gestation s’explique partiellement par l’augmentation du nombre d’avortements et par le taux
probablement plus faible d’implantation.
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Undernutrition is well known to be a major factor delay-
ing or even terminating reproduction in adult mammals
(Marshall and Hammond 1926; Bourdon and Brinks 1982).

In humans, depressed body mass and depressed body condi-
tion (expressed as the ratio of body mass to height) affect
lifetime reproductive success in many ways. Limitation of
food intake will reduce the growth rate, delay menarche,
prolong adolescent infertility, retard peak fertility and gener-
ally reduce it, increase pregnancy wastage, the duration of
lactational amenorrhoea, and the birth interval, and bring on
earlier menopause (Marshall and Fraser 1971; Frisch 1975,
1984). Body mass and body condition (mass scaled to a
body dimension) have been known to affect the onset of sex-
ual maturity and the proportion of individuals breeding in
several mammal species (Widdowson et al. 1964; Mitchell
and Brown 1974; Skogland 1985; Albon et al. 1986; Stearns
and Koella 1986).

Fertility in female fur seals (Arctocephalussp.) is thought
to be related to food availability. Food shortages depress pup
production during the following season (Lunn and Boyd
1993; Guinet et al. 1994). Lunn and Boyd (1993) suggested
that this results from a reduced implantation rate during the
year of food shortage, and Boyd (1984) has shown that in
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grey seals (Halichoerus grypus), implantation is earlier in
females that are in better body condition. In Antarctic fur
seals (Arctocephalus gazella), pregnancy was of longer du-
ration in years when food availability was lower (Boyd
1996).

However, studies establishing a relationship between body
condition and fertility are lacking for pinniped species. We
investigated the relationships of fertility and pregnancy rate
to body mass, body length, and body condition in female
South African fur seals (Arctocephalus pusillus). Previous
studies on femaleA. gazellahave shown that body mass and
mass related to standard length can both be related to body
composition (Costa et al. 1989; Arnould 1995). As data are
lacking on how body condition varies over time in this ge-
nus, we also investigated change in a body condition index
(BCI) of female South African fur seals during the breeding
cycle and between years.

The reproductive cycle of the South African fur seal extends
over 12 months. Females give birth to a single pup between early
November and the end of December, with most pups born by 10
December. Within 10 days after giving birth the females ovulate
and copulate (Rand 1955). Implantation of the blastocyst is de-
layed (embryonic diapause) and takes place 4 months later, be-
tween March and April, and gestation lasts for 8 months. We
defined 1 November as the first day of the breeding cycle, which
extends until the beginning of the following parturition period (i.e.,
364 days). Lactation starts immediately after the female gives birth
and lasts until weaning in mid-October. The breeding cycle was
subdivided into the following periods: (i) the parturition and ovula-
tion period lasted from days 0 to 75, (ii ) the preimplantation and
implantation period lasted from days 76 to 190, and (iii ) a gesta-
tion period extended from day 191 until the beginning of the next
parturition period at day 364 (Fig. 1). As part of a culling program,

160 female South African fur seals were shot randomly at breeding
colonies at Atlas Bay, 20 km south of Luderitz, Namibia. Samples
were taken monthly from August 1988 to October 1991. However,
during the gestation period, females were sampled only until the
end of the lactation period, which was completed by mid-October.

Over a period of 4 years, 13 females were sampled during the
parturition period (10 in 1989 and 3 in 1990), 70 during the
preimplantation period (1 in 1988, 11 in 1989, 24 in 1990, and 34
in 1991), and 77 during the gestation period (14 in 1988, 39 in
1989, 12 in 1990, and 12 in 1991).

Blood (10–20 mL) from 129 females was collected directly
from a large blood vessel into heparinized syringes immediately af-
ter death and stored on crushed ice in a cool box. The blood was
centrifuged at the laboratory 2–5 h after collection and the serum
frozen at –20°C. Blood was sampled on 9 occasions just after par-
turition but before ovulation, 64 times during the preimplantation
and implantation period, and 56 times during the gestation period.

Standard length (nose to tail) of the females was immediately
measured to the nearest 1 cm and females were weighed to the
nearest 0.5 kg. A ventral longitudinal incision was made through
the subcutaneous blubber and underlying mammary tissue, and the
proliferation of mammary tissue or the presence of milk defined
the animal as lactating. The reproductive tract of each female was
dissected and the ovaries were weighed individually to the nearest
0.01 g. Each uterine horn was dissected longitudinally along the
anterior aspect and the animal was defined as pregnant,
nonpregnant, or postpartum. When a fetus was present, it was
weighed to the nearest 1 g. Ovulation was determined during the
preimplantation and implantation period (Fig. 1) by examination
for a corpus luteum and, when possible, by determination of the
progesterone concentration.

At day 191, all the females should have implanted and those
found without an implanted fetus were defined as nonpregnant.
The progesterone concentration in 0.1-mL samples of plasma was
measured directly, without extraction, by radioimmunoassay using
antibody (Fiet No. 411) that had been raised in rabbits against pro-
gesterone-6CMO-BSA. All samples were assayed in a single run.
The sensitivity of the method was <60 pg·mL–1. Specificity with
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Fig. 1. Breeding periods (between November and November) ofArctocephalus pusillusused in this study.
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progesterone was 100% and cross-reaction with the other proges-
terone metabolites was <1%. Interassay variation was 10% and
intra-assay variation was 5%.

Reproductive studies conducted on northern fur seals (Callo-
rhinus ursinus), South African fur seals, and subantarctic fur seals
(Arctocephalus tropicalis) have shown equal but alternate ovarian
activity with ovulation each year (Pearson and Enders 1951; Rand
1955; Bester 1995). Blastocysts are always found in the uterine
horn ipsilateral to the ovary that has recently ovulated (Enders et
al. 1946; Rand 1955).

We defined nonlactating and nonpregnant females as immature
when no scars were found on the ovaries and the progesterone con-
centration was at a basal level during the preimplantation or gesta-
tion period. Mature females were identified from the occurrence of
a free or an implanted blastocyst on the horn opposite the inactive
ovary.

The presence of a zonary band (i.e., a locally disrupted and dis-
coloured section of the endometrium, usually orange–brown) and
scarring of the horns were used to define the animal as having
given birth or having aborted. Both the band and the scarring are
indicative that the uterine horn has recently held a fetus.

Body mass is partly defined by body size and does not neces-
sarily reflect the quantity of body reserves, which are mainly fat.
Therefore, we scaled mass to body size as the BCI. Size was de-
fined as the standard length. Body mass was regressed linearly
against standard length and the residual values from that regression
were taken as the BCI (Fig. 2). As the mass of fetus and placenta
increases through the pregnancy and will influence the BCI of the
female, we defined a corrected BCI (BCIc) by regressing linearly
the mass of the female substracted by the mass of the fetus and
placenta against standard length. Placental mass was estimated to
be about 10% of the mass of the fetus (Boyd and McCann 1991).

The effects of BCI, mass, and length on the incidence of preg-
nancy were analyzed by logistic regression for binary response
data (GLIM; Baker and Nelder 1978).

Maturity
Of the 160 females sampled, 157 were identified as ma-

ture and 3 as immature. Immature females were of signifi-
cantly shorter standard length than mature females (133 ± 7

vs. 143 ± 7 cm,n1 = 3, n2 = 157, t = 2.53,P = 0.012). One
immature female was sampled during the preimplantation
period in 1990 and two were sampled during the gestation
period in 1989. These data from immature females were not
considered further.

Body condition index
During the preimplantation period, a two-way analysis of

variance of BCI values indicated that sampling date during
the year had a significant effect on the BCI of females sam-
pled (F[67] = 4.79,P = 0.03), but no interannual differences
were found (F[67] = 2.03,P = 0.14).

During the gestation period, two-way analysis of variance
indicated that only year affected the BCI (F[73] = 11.64,P <
0.001), while no differences could be attributed to sampling
date during the gestation period (F[73] = 0.018,P = 0.89).
Females had a lower BCI in 1989 than in 1988 (F[50] = 38.5,
P < 0.01), 1990 (F[48] = 10.15,P < 0.01), and 1991 (F[48] =
18.82,P < 0.001). No differences were observed in the BCI
values of gestating females sampled in 1988, 1990, and 1991
(F[36] = 0.95,P = 0.39). The same results were obtained when
the analysis was conducted using BCIc as the dependent
variable.

As no differences were found in the BCI values of fe-
males sampled during preimplantation in 1990 and 1991 and
during gestation for 1988, 1990, and 1991, the data for these
3 years were pooled. The BCI of the mature females during
the whole reproduction cycle using 3 years of pooled data
was best described by a quadratic relationship, with the BCI
decreasing through the parturition period until the
midimplantation period and then increasing (P < 0.01;
Fig. 3a) from the midimplantation period until birth. The
same relationship was obtained using BCIc (P < 0.01;
Fig. 3b). In 1989, the BCI declined through the whole repro-
ductive cycle according to a log-linear relationship (P <
0.05). The same relationship was found when BCIc was used
(P < 0.05; Fig. 3).

Ovulation
The 69 mature females sampled during the pre-

implantation and implantation period (from days 76 to 190)
had their ovaries examined for the presence of a corpus
luteum and 64 were sampled for blood. All had an active
corpus luteum.

The progesterone concentration during the preimplan-
tation and implantation period was 12.98 ± 5.02 ng·mL–1

(range 4.05–28.35 ng·mL–1, n = 64), significantly higher and
not overlapping the basal progesterone level observed for
postparturient and preovulating females, which was 1.34 ±
0.26 ng·mL–1 (range 0.98–1.84 ng·mL–1, n = 9). These re-
sults indicate that ovulation occurred in 100% of the females
sampled.

Of the 64 females sampled for blood, 10 were sampled in
1989, 23 in 1990, and 31 in 1991. No differences were
found in progesterone levels during the preimplantation and
implantation period over the 3 years (F[62] = 0.093, P =
0.91) and we found no relationship between the BCI of the
female and the progesterone level (r = 0.02, n = 64, P >
0.05).
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Fig. 2. Relationship between body mass and length and a
definition of the BCI as the residual value between observed and
expected mass.

I:\cjz\cjz76\cjz-08\ZooAug(A).vp
Sunday, January 17, 1999 4:51:44 PM

Color profile: Disabled
Composite  Default screen



Pregnancy
During the 4-year period, of 75 mature females sampled

during the gestation period, 16 were found to be not preg-
nant from examination of their reproductive tract. The pro-
portion of pregnant females was 0.79. Of the 75 females
sampled, 56 females were also sampled for blood. During
the gestation period, the progesterone level was 12.07 ±
5.56 ng·mL–1 (range 3.09–22.32 ng·mL–1, n = 40) in preg-

nant females and 4.22 ± 5.71 ng·mL–1 (range 0.14–
18.6 ng·mL–1, n = 16) in nonpregnant females. According to
the basal progesterone level observed in postparturient and
preovulating females and the lowest progesterone value
(3.09 ng·mL–1) observed for a female with a corpus luteum
and a recently implanted embryo, we set 3.00 ng·mL–1 as the
threshold for detecting pregnant females. Using this value, 4
of the 16 females would have been diagnosed as pregnant
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Fig. 3. Change in the BCI through the breeding cycle of femaleA. pusillusover the study period, using either BCI (a) or BCIc (b).
(a) The solid circles and solid line represent the BCI values and the best adjustment for the 1988, 1990, and 1991 breeding seasons
(data were pooled, as no differences in BCI values were found between these three breeding seasons). (b) The open circles and broken
line represent the BCI value and the adjustment for the 1989 breeding season.
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(i.e., a 20% error) according to their progesterone level
(13.05 ± 5.81 ng·mL–1, range 5.65–18.61 ng·mL–1), while 12
would have been assessed as not pregnant (1.50 ±
0.99 ng·mL–1, range 0.14–2.92 ng·mL–1).

Based on direct examination of the reproductive tracts of
the 75 females sampled during the gestation period, we
found no effect of standard length (log-linear model,χ2 =
0.05, df = 1,P = 0.80) and mass (χ2 = 2.48, df = 1,P =
0.10), but a significant effect of the BCI on the probability
of a female being pregnant (χ2 = 5.36, df = 1,P = 0.02). The
probability of pregnancy (P) was best fitted by the following
model (Fig. 4):

P =
+ +

1
1 1 123 01042/exp ( . . BCI)

Abortion
The recent implantation scars in the uterine horn of six

females sampled during the 1989 gestation period were
thought to have resulted from abortions. Analysis of BCI
values according to three categories, (i) pregnant females,

(ii ) nonpregnant females, and (iii ) females likely to have
aborted, indicated differences in BCI values (F[72] = 3.30,
P = 0.042), females that had aborted being in significantly
poorer condition than pregnant females (F[63] = 6.35, P =
0.014) and nonpregnant females (F[15] = 3.64,P = 0.077); no
differences were observed between pregnant and non-
pregnant females (F[67] = 0.46, P = 0.49). The six females
that were suspected to have aborted were lactating.

Lactation
Of the 144 mature females sampled during the

preimplantation and gestation periods, 137 were lactating.
One, sampled in early 1990, was defined as primiparous (she
had a corpus luteum on one ovary and no scars on the other
ovary) and was therefore removed from the data set. The
seven nonlactating females had either a corpus luteum on
one ovary and (or) a fetus or a scar on the other ovary that
indicated a past ovulation. All females sampled in 1988 and
1990 were lactating and the data were pooled. The propor-
tion of nonlactating females varied significantly over the
study period (χ2 = 7.3, df = 2,P = 0.025). More nonlactating
females than expected were sampled in 1989 compared with
1988 and 1991 (χ2 = 5.0, df = 1,P = 0.05), while there was
no difference in the proportions of lactating females in 1989
and 1990 (χ2 = 2.6, df = 1,P = 0.11).

No significant differences could be found in the standard
length of nonlactating and lactating females (t = 0.07, n1 =
6, n2 = 137, P = 0.94), but these females were in signifi-
cantly poorer condition (t = 6.36, n1 = 6, n2 = 137, P =
0.002) and had a lower body mass (t = 2.97, n1 = 6, n2 =
137, P = 0.025) than lactating females.

Only 3 of the 160 females sampled in our study were im-
mature, probably a result of sampling having taken place in
the breeding colony where females return to feed their pups,
while immature femaleA. pusillusandA. tropicalisare more
likely to be away from the breeding colonies (Rand 1955;
Bester 1981).

While monitoring progesterone levels after parturition is
an accurate means of detecting ovulation, progesterone levels
during the gestation do not allow precise definition of preg-
nancy. Plasma progesterone concentrations <3.00 ng·mL–1

after implantation allow us to state with certainty that the fe-
males were not pregnant. However, high progesterone levels
do not necessarily mean that the female is pregnant. From
examination of reproductive tracts, we found that about 20%
of the nonpregnant females still had an active corpus luteum
and a high plasma progesterone concentration. These fe-
males were termed pseudopregnant. Thus, the diagnosis of
gestation from progesterone levels would lead to overesti-
mation of the proportion of pregnant females. This
pseudopregnancy status was reported on the basis of either
progesterone levels or examination of an active corpus
luteum on the ovaries, as in other species including
A. pusillus (Rand 1955),A. tropicalis (Bester 1995), and
harp seals (Phoca groenlendica) (Renouf et al. 1994). Thus,
other means of investigation should be tested to assess pre-
cisely the pregnancy status of fur seals after completion of
the implantation period.

© 1998 NRC Canada

1422 Can. J. Zool. Vol. 76, 1998

Fig. 4. Distribution of pregnant (1) and nonpregnant (0) females
according to their BCI values (a) and logistic regression between
the probability of being pregnant and the BCI for female
A. pusillus, estimated for the gestation period (b) (see the text
for details).
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The mature females sampled during the 3 “good” years
indicated significant changes in BCI through the reproduc-
tion cycle. The BCI declined during the first part of the re-
production cycle to a minimum by April – early May, which
coincides with the implantation period (Rand 1955). Then
the BCI of the females increased through gestation to its
maximum value at the end of gestation. An increase in body
mass during gestation should be expected, as the conceptus
and placenta are developing. However, BCI values (cor-
rected for fetal and placental mass) through the gestation pe-
riod presented the same pattern of variation through the
reproduction cycle as uncorrected BCI values, which indi-
cates that females restore their condition during gestation.
The higher BCI of the females at the beginning of the breed-
ing cycle may allow them to sustain the first 8 days of lacta-
tion preceding estrus while they remain onshore fasting. In
1989, the BCI of the females declined over the whole repro-
duction cycle.

Over the years, despite wide variation in BCI, mass, and
length, the ovulation rate of the mature females sampled
during preimplantation was 100%, but only 79% of the fe-
males actually carried a fetus to term. During gestation,
pregnancy was related to the BCI of the females, while no
differences were attributable to the mass or length of the fe-
males, which is likely to be related to their age as in other
fur seal species (Scheffer and Wilke 1953; Payne 1979). A
similar situation was observed in roe deer (Capreolus
capreolus) in Britain, where the ovulation rate was about
100% in mature females but the pregnancy rate ranged in re-
lation to body mass, from 67 to 94% for 15 populations
studied (Hewison 1996). This suggests that in species with
delayed implantation, the stage determining the occurrence
of reproduction may not be ovulation but a later stage of the
breeding cycle such as implantation or during pregnancy,
probably in relation to the environmental conditions (i.e.,
food availability) encountered.

The BCI clearly influences pregnancy in South African
fur seals. Females in better condition during pregnancy are
more likely to be pregnant than females with a low BCI,
while we found no significant effect of mass or length (re-
lated to age) of the females on the probability of their being
pregnant.

When we compared the BCI values of pregnant and lac-
tating fur seals between years, we found that they had a
lower BCI in 1989 than in the other 3 years. In 1989 the
proportion of pregnant females was lower than in the other 3
years, and a higher proportion of the sample was not lactat-
ing. Abortions were observed only in 1989. This suggests
that in a year of low food availability, females have a low
BCI and their pregnancy is more likely to fail, notably
through abortion, or their lactation fails. Other evidence sug-
gests that 1989 was a year of decreasing food resources: the
pup growth rate was low compared with previous years (J.P.
Roux, unpublished data) and the number of pilchard and an-
chovy spawners decreased sharply in 1989 in the Benguela
upwelling system (Hampton et al. 1990; Adams et al. 1992).

It is not yet understood at which stages of the reproduc-
tion cycle the pregnancy of female fur seals is controlled.
Although all females had ovulated, the fertility of the ovum
may be related to maternal condition. Pregnancy may also
be controlled by the implantation rate and abortion during

gestation. Rand (1955) found that implantation did not occur
in 34% of females sampled, but he indicated that this figure
may be exaggerated owing to the effect of disturbance dur-
ing the collection period. He reported only one abortion.
Lunn and Boyd (1993) have suggested that forA. gazellathe
key stage is probably implantation. Our study indicates that
in good years, the BCI of the female is at a minimum during
the implantation period, suggesting that females are more
likely to be under nutritional stress at this stage of the breed-
ing cycle. Boyd (1996) also found that the duration of the
breeding cycle (from estrus to the next parturition) varies ac-
cording to food resources, when the breeding cycle is ex-
tended during years of low food availability. Extension of
the breeding cycle may take place as a result of either a de-
layed date of implantation or a reduction in the fetal growth
rate, or both. Trites (1991) found that in northern fur seals,
the nutritional condition of the mother can influence the fe-
tal growth rate.

In years of low food availability, as in 1989 and 1994, fe-
male A. pusilluswere very emaciated and large numbers of
aborted fetuses were found on the beaches (J.P. Roux, un-
published data). Of 12 animals sampled in 1989, 6 had
aborted and we do not know at what stage reproduction
failed for the other 6. However, in 1989, females with a very
low BCI were still lactating and pregnant. The six females
that aborted were still lactating, while the four nonlactating
females sampled during the gestation period were all preg-
nant, suggesting a trade-off between lactation and preg-
nancy.

Very poor breeding seasons have also been reported for
A. gazellain South Georgia. In the 1989–1990 breeding sea-
son, the pup growth rate was extremely low and pup mortal-
ity was almost 100% (Lunn and Boyd 1993). The following
year, pup production was depressed by 34% relative to pup
production observed the previous year, despite increased fe-
male mortality (Lunn and Boyd 1993), indicating that most
of the females who failed to raise a pup did not fail during
pregnancy. In our study, a high proportion of females that
had aborted were lactating. This could be a bias, as we were
more likely to sample lactating females at the breeding colo-
nies, while nonlactating females tend to stay at sea or to haul
out in a different location (as reported forA. tropicalis;
Bester 1995).

Nonlethal means of investigation should be developed to
investigate the relationship between reproductive status and
maternal characteristics in fur seals. Longitudinal monitor-
ing of BCI and reproduction in females would also allow de-
termination of whether regulation takes place mainly
through implantation or abortion. While individuals of most
fur seal species can be easily measured in the field, determi-
nation of pregnancy status requires new means of investiga-
tion that still need to be developed.
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