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ABSTRACT 

Southern elephant seals have been studied in depth in most of their breed- 
ing range. One notable exception is the Falkland Islands population. We 
present data on demography and breeding biology of elephant seals of Sea 
Lion Island, the main breeding site of this species in the Falklands. Sea Lion 
Island shelters a small, localized population of southern elephant seals (516 
breeding females in 1995 and 518 in 1996). Comparison with the few avail- 
able census data collected prior to our study suggests that the population has 
been stable in the short term (1989-1996). Females produced pups at max- 
imum rate and pup mortality was low (2.13%). Breeding sex ratio was strong- 
ly unbalanced, with about 14 females per breeding male and 47 females per 
harem-holding male at peak haul-out. Survival rate between breeding seasons 
was 67.4% for females and 50% for males. Timing of the breeding season 
was very similar to that recorded in other populations and was in accordance 
with clinal variation with latitude. Sex ratio at birth was balanced, and no 
significant weight dimorphism at weaning between sexes was detected (males: 
135.4 kg; females: 132.0 kg). Weaning weight was correlated with size class 
of the mother. 

Key words: southern elephant seal, Miromga ,?eonina, demography, breeding 
biology, Falkland Islands. 

Southern elephant seals (Mirounga leonina) have been studied in depth in 
most of their breeding range (Laws 1994, and data about present status, 
demography, and breeding biology are available for most populations (Mac- 

quarie Island: Hindell and Burton 1987; Iles Crozet and Iles Kerguelen: Gui- 

1 Current address: Via Buonarroti, 35, 20145 Milano, Italy, 
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net et al. 1992; Valdes Peninsula: Campagna et al. 1993; Marion Island: Bester 

and Wilkinson 1994; South Georgia: Boyd et al. 1996). One notable exception 
is the Falkland Islands population; no detailed account of its status has been 
published (Laws 1994). 

The elephant seal population of the Falklands is part of a larger stock which 
includes South Georgia, the South Orkney Islands, King George Island, 
Gough Island, and the Valdes Peninsula (Laws 1994). The Falklands popula- 

tion could provide a link between the two larger populations of the breeding 

stock, namely those of South Georgia and the Valdes Peninsula, but it appears 
to be almost isolated from these two populations during the breeding season 
(Lewis et aL. 1996, our observations). 

Preliminary information from a survey of the entire Falklands coast (M. 
Bingham, personal communication), carried out at the end of the elephant 

seal breeding season, showed very limited signs of breeding. The only breeding 
site of elephant seals with a large local population is Sea Lion Island (52’26’S, 
59OO5’W), the southernmost inhabited island of the Falklands. Here we pres- 

ent data on the demography and breeding biology of this population collected 

during two consecutive breeding seasons. 

MATERIALS AND METHODS 

Field work was carried out daily by four people from 4 September to 26 
November 1995 and from 2 September to 24 November 1996. Our study 

area was the eastern point of the island. The coast line is composed of three 
continuous stretches of sandy beach divided by two rocky areas; breeding units 
occupied only sandy beaches (total length = 7.2 km, estimated from aerial 

photographs). Females formed large groups (harems), usually with at least one 
male in attendance. A harem is defined as a group of two or more females; 
females are considered grouped when their distance apart is less than 10 stan- 

dard body lengths (SAB) (American Society of Mammalogists 1967). Harems 

were scattered along the beaches and their spacing was uneven, with long (up 
to 1 km) stretches of beach with no females. Median harem size was about 30 
females at maximum haul-out (1995: median = 31 females, median absolute 
deviation [MAD] = 22, n = 11 harems; 1996: median = 35, MAD = 17, 

n = 10). 
Almost all breeding seals were individually marked. These included all 

breeding males (44 in 1995 and 47 in 1996; breeding male = male present 
in breeding areas for a continuous period of at least two weeks), all males of 

class SAM2 or older (see below) that were on the beaches for even a few hours, 

almost all females (>98% in each season), and all pups. Seals were at least 
double-tagged in the interdigital web of the hindflippers using cattle tags 
(Jumbo Rototag, Dalton Supplies Ltd, Oxon RG9 5AB, United Kingdom) 

following Testa and Rothery (1992) and Erickson et al. (1993a). Most breeding 
males were marked with three or four tags. The breeding males and most of 

the breeding females were also marked by painting an identification code on 
their flanks using hair dye; the marks lasted for the entire breeding season 
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a n d  u n t i l  t h e  m o l t .  T h e  j o i n t  u s e  o f  t a g s  a n d  p a i n t  m a r k s  e n s u r e d  r e c o g n i t i o n  
o f  a l l  b r e e d i n g  a n i m a l s .  

O n  e a c h  o f  t h e  8 4  d  o f  t h e  b r e e d i n g  s e a s o n ,  o n e  o b s e r v e r  c o u n t e d  t h e  s e a l s  
w h i l e  w a l k i n g  a l o n g  a l l  b r e e d i n g  b e a c h e s  d u r i n g  l o w  t i d e .  F r o m  d a i l y  c e n -  
s u s e s ,  t h r e e  k i n d s  o f  d a t a  w e r e  o b t a i n e d :  c o u n t s  o f  t h e  n u m b e r  o f  i n d i v i d u a l s  

o n  l a n d  b y  s e x  a n d  a g e  c l a s s ,  d a t a  o n  t h e  s t r u c t u r e  o f  b r e e d i n g  u n i t s  ( n u m b e r  

a n d  i d e n t i t y  o f  f e m a l e s  a n d  n u m b e r ,  s t a t u s ,  a n d  p o s i t i o n  o f  m a l e s  n e a r  t h e  
h a r e m ;  s e e  b e l o w  f o r  d e f i n i t i o n  o f  s t a t u s ) ,  a n d  d a t a  o n  m a r k e d  m a l e s  a n d  
f e m a l e s  ( a g e  c l a s s ,  s i z e  c l a s s ,  b r e e d i n g  s t a t u s ,  a n d  l o c a t i o n ) .  T o  c h e c k  f o r  p r e s -  

e n c e  o f  b r e e d i n g  i n d i v i d u a l s  o u t s i d e  o u r  m a i n  s t u d y  a r e a  w e  a l s o  c a r r i e d  o u t  
w e e k l y  c e n s u s e s  b y  w a l k i n g  a l o n g  t h e  c l i f f - t o p s  o f  t h e  e n t i r e  p e r i m e t e r  o f  t h e  

i s l a n d ;  o n l y  o n e  p u p  w a s  b o r n  o u t s i d e  o u r  s t u d y  a r e a  d u r i n g  t h e  t w o  b r e e d i n g  

s e a s o n s .  
A n  a c c u r a t e  e s t i m a t e  o f  t h e  n e t  p r o d u c t i o n  o f  b r e e d i n g  w a s  o b t a i n e d  b y  

m a r k i n g  a l l  p u p s  w i t h  o n e  t a g  w h e n  t h e y  w e r e  s t i l l  w i t h  t h e i r  m o t h e r s  i n  t h e  
h a r e m  a n d  t h e n  a g a i n  a f t e r  w e a n i n g .  

T o  g a t h e r  d a t a  o n  b r e e d i n g  a c t i v i t i e s  w e  r e c o r d e d  ( w i t h  a t  l e a s t  2 4 - h  p r e -  
c i s i o n )  a r r i v a l s  o n  l a n d ,  d e p a r t u r e s  t o  s e a ,  b i r t h s ,  c o p u l a t i o n s ,  a n d  w e a n i n g s  

( d e p a r t u r e  o f  t h  e  m o t h e r  a n d  f o l l o w i n g  e x p u l s i o n  f r o m  t h e  h a r e m ) .  W e  c o l -  

l e c t e d  d a t a  d u r i n g  t w o - h o u r  p e r i o d s  f r o m  f i x e d  o b s e r v a t i o n  p o i n t s  o v e r l o o k i n g  
o n e  o r  m o r e  h a r e m s  ( a  t o t a l  o f  1 , 2 5 8  h  o f  o b s e r v a t i o n  i n  1 9 9 5  a n d  1 , 2 9 4  h  

o f  o b s e r v a t i o n  i n  1 9 9 6 )  u s i n g  a l l - o c c u r r e n c e  s a m p l i n g  ( A l t m a n n  1 9 7 4 )  w i t h  

c o n t i n u o u s  r e c o r d i n g  o f  e v e n t s  o n  l o g  s h e e t s .  T h e  m a j o r i t y  o f  o b s e r v a t i o n s  
w e r e  c a r r i e d  o u t  b e t w e e n  0 6 ~ 1  a n d  2 0 0 0  l o c a l  t i m e ,  b u t  a  l i m i t e d  n u m b e r  o f  

o b s e r v a t i o n s  w e r e  a l s o  m a d e  d u r i n g  t h e  n i g h t  u s i n g  s p o t  l i g h t s  a n d  n i g h t -  
v i e w i n g  e q u i p m e n t .  

’  B r e e d i n g  s t a t u s  o f  m a l e s  w a s  d e f i n e d  a t  t w o  l e v e l s ,  s e a s o n a l  a n d  d a i l y .  W e  
c l a s s i f i e d  m a l e s  o n  a  s e a s o n a l  b a s i s  a s  p r i n c i p a L  i f  t h e y  s t a y e d  o n  l a n d  f o r  l o n g  

c o n t i n u o u s  p e r i o d s  ( 2 2  w k )  a n d  i f  t h e y  g a i n e d  c o n t r o l  o f  a  h a r e m  f o r  t h r e e  
o r  m o r e  c o n s e c u t i v e  d a y s  w h e n  a t  l e a s t  o n e  f e m a l e  w a s  r e c e p t i v e ;  s e c o n a & y ,  i f  
t h e y  s t a y e d  o n  l a n d  f o r  l o n g  p e r i o d s  ( a s  f o r  p r i n c i p a l  m a l e s )  b u t  n e v e r  g o t  

c o n t r o l  o f  a  h a r e m  f o r  m o r e  t h a n  t w o  c o n s e c u t i v e  d a y s ;  t e & a r y ,  i f  t h e i r  p r e s e n c e  
o n  l a n d  d u r i n g  t h e  b r e e d i n g  s e a s o n  w a s  o c c a s i o n a l  a n d  s h o r t - t e r m  ( C 2  w k ) .  
O n  a  d a i l y  b a s i s  m a l e s  w e r e  s c o r e d  ( d u r i n g  d a i l y  c e n s u s e s )  b y  t h e i r  d i s t a n c e  

f r o m  f e m a l e s  a s :  a l p h a  ( w i t h i n  t h e  f e m a l e  g r o u p ,  d i s t a n c e  =  0  S B L ) ,  b e t a  ( a  
s e c o n d  m a l e  w i t h i n  t h e  f e m a l e  g r o u p ,  b u t  w i t h  f e w e r  f e m a l e s  a t  h i s  s i d e  t h a n  
n e a r  t h e  a l p h a ) ,  p e r i p h e r a l  ( 1 - 5  S B L  f r o m  t h e  c l o s e s t  f e m a l e  i n  t h e  h a r e m ) ,  

m a r g i n a l  ( 6 - 1 0  S B L ) ,  o r  s o l i t a r y  ( > l O  S B L ) .  I n  t h i s  p o p u l a t i o n  a n  e s t a b l i s h e d  
a l p h a  m a l e  h a d  u n r e s t r i c t e d  c o n t r o l  o f  t h e  h a r e m  a n d  a n  u n c o n t e s t e d  a c c e s s  

t o  t h e  f e m a l e s  ( e . g . ,  t h e  a l p h a  m a l e  o f  t h e  l a r g e s t  h a r e m  m a d e  a b o u t  9 5 %  o f  
t h e  c o p u l a t i o n s  i n  a n d  n e a r  a  h a r e m  o f  1 2 4  f e m a l e s  i n  1 9 9 5  a n d  o f  1 2 9  f e m a l e s  

i n  1 9 9 6  ) .  B y  “ h a r e m  c o n t r o l ”  b y  t h e  a l p h a  m a l e  w e  m e a n  b o t h  t h e  a c t i v e  
c o n t r o l  o f  f e m a l e  m o v e m e n t s  b y  h e r d i n g  a n d  t h e  e x c l u s i o n  o f  o t h e r  m a l e s  b y  
d i r e c t  a n d  c o n v e n t i o n a l  c o m p e t i t i o n .  

W e  c l a s s i f i e d  m a l e s  i n t o  a g e  c l a s s e s ;  s i z e  w a s  u s e d  t o  r e c o g n i z e  g r o s s  d i f -  
f e r e n c e s ,  b u t  f i n e r  c l a s s i f i c a t i o n  w a s  a c h i e v e d  u s i n g  e x t e r n a l  m o r p h o l o g y  ( i n  
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particular spread of scars on the frontal shield and neck, appearance of the 
facial area and development of the proboscis) in order to obtain an estimate 
of age as independent of size as possible. Eight age classes were recognized: 

yearlings (Y), estimated age 1 yr; estimated age 2 yr (2Y); juveniles (JUV), 
estimated age 3 yr; class 1 subadults (SAMl), estimated age 4 yr; class 2 
subadults (SAM2), estimated age 5 yr; class 3 subadults (SAMj), estimated 

age 6 yr; class 4 subadults (SAM@, estimated age 7 yr; and adults (AD), 

estimated age 8 yr or more. Because we have no data on actual age of males, 
our age classification is only tentative and has only a descriptive purpose. 
Internal consistency of our classification is more relevant than agreement with 

actual ages. To check the consistency of various observers in classification of 
male age, we chose a random sample of the censuses of the 1996 breeding 
season (10 censuses of week VII-X, when most males were on land) and com- 
pared ages of males. We found a high and significant concordance between 
classification of male ages in different censuses (Kendall coefficient of concor- 

dance: W = 0.93 CO.99 when excluding one of the four observers], P < 
0.0001; we found analogous results for 1995 censuses). For males present in 
both seasons, age class attributed in 1996 was consistent with that attributed 

in 1995. This classification system gives a consistent ordering of the ages of 
breeding males; and we are confident that it has a good relationship with the 

actual ages of males; a comparable system has been used with good results on 
northern elephant seals (Deutsch et u/. 1994). 

In the southern elephant seal there is a threefold variation in female size 
(Fedak et &. 1996) which allows a rough classification of females into size 
‘classes by visual inspection (Campagna et a/. 1992). Females (n = 500) were 

classified into five classes by repeated comparison with adjacent individuals 
(extra-small, 2.0%; small, 10.8%; medium, 35.0%; large, 45.0%; extra-large, 
6.2%). To evaluate the accuracy of size classification, we compared the size 

classes as independently scored by two observers for all the females breeding 

in an intensively observed harem; concordance among observers was high (rho 
= 0.97; n = 63 females; P < 0.0001). For analysis, extra-small females were 
pooled with small females, and extra-large with large. 

Three indices of male breeding performance were estimated from behavioral 
data: control of females (mean daily number of females controlled by a male), 
mating rate (number of copulations with intromission lasting at least one 

minute per 100 h of observation), and fertilization success (product of the 
proportion of copulations realized by a male in one harem and the number of 
females that breed in the harem, summed over all harems in which the male 

copulates (Le Boeuf 1974, Deutsch et aI. 1990). 

Weanling sex ratio (number of females per male) was estimated by recording 
the presence or absence of a penile opening in every (marked) individual lying 
on its back. 

The pups were weighed using a weighing bag (a cotton sheet with straps 
cut out to fully enfold the weanling, held up by two horizontal aluminum 
poles connected by steel chains and springs to a dynamometer) and a 500-kg 

digital dynamometer (model DIN-lR/TS-accuracy ?0.5%, C.A.M.I. Pavig- 
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lianiti, Trezzano sul Naviglio, Italy) connected to a half-ton crane (model GP5/ 
DE, OMCN, Villa di Serio, Italy). 

There was large variation in the interval between weaning and weighing of 

pups (21 ? 9 d, @ = 100): to mitigate these differences we corrected the 
observed weight by the weight lost between weaning and weighing. The 

weight loss was estimated as the product of the number of days between 

weaning and weighing and a sex- and week-dependent correction factor of 
0.78-1.02 kg lost per day, as presented by Campagna et al. (1992) for the 

Valdes Peninsula population. 
Statistics are presented as mean and standard deviation or, more frequently 

due to the asymmetric distribution of variables, as median and median absolute 

deviation (MAD, Rousseeuw and Crou 1993). Parameter estimates from mod- 

els are presented with standard errors (SE) when necessary. Exploratory data 

analysis, calculation of statistics and tests were performed with SYSTAT ver- 

sion 5.2.1 (Wilkinson et al. 1992) and SPSS version 6.1 (Norusis 1994). Ran- 

domization tests (10,000 replicates) were performed with RT version 2.0 

(Manly 1992). 

RESULTS AND DISCUSSION 

Demography 

Popdation size-Pinniped population sizes are not easily estimated, as a 

portion of the population is at sea at any one time. The easiest way to cope 

with this problem is to estimate the total production of pups and then use 
this figure to calculate the actual size of the population, using information on 

the population age structure from life tables (Eberhardt et al 1979). On the 

basis of published life tables for elephant seals (McCann 1985), we applied a 

correction factor of 3.5 to calculate the number of individuals of age 1 yr and 

older from the number of pups (see below). Therefore, the entire population 

of Sea Lion Island is estimated to be 1,800 seals 1 yr old or older. In the 

absence of a reliable census of the other breeding sites, an estimate of the 

whole Falklands population size cannot be obtained. However, given the scarce 

breeding outside of Sea Lion Island, we think that the population size may 
be significantly lower than the last previously published estimates (Strange 

1992), which suggested a net production of about 5,000 pups. 

Number of breeding f@ndes-Sea Lion Island seems to be the only conspicuous 

breeding site for this species in the Falkland Islands, with more than 90% of 

the breeding females of all the Falklands. It is quite difficult to obtain directly 

the total number of breeding females in populations of elephant seals because 

of the pattern of arrival and departure of females during the three-month 

breeding season (Erickson et al. 1993b). A first estimate was obtained through 

our daily counts. On Sea Lion Island the maximum number of females on 

land was 465 in 1995 and 467 in 1996, recorded on the same date (20 

October) in both years. On South Georgia the maximum number of females 
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Figure 1. Number of female Southern elephant seals recorded during daily counts 
at Sea Lion Island breeding beaches in 1995 and 1996. Time of counts defined as 
number of days from first day of the season (4 September in lW5 and 2 September 
1996). A Gaussian model fits these data (see text) as well as data for each breeding 
season. 

on land accounts for 90%-95% of the total number of females actually breed- 

ing in the population (McCann 1985). 
A more exact estimate was obtained from the marking records of females 

and their pups. The total number of breeding females marked during the two 

breeding seasons was 516 in 1995 and 518 in 1996. These estimates correlate 

well with direct counts of females (females on land at peak haul-out = 90% 
of the total number of breeding females). The two independent estimates are 
consistent, and the second is considered a very accurate estimate of the real 

number of females that breed on Sea Lion Island. 
A mathematical model of the percentage of females on the breeding beaches 

in each day of the season was worked out from our daily counts. It is a simple 

Gaussian model (Hindell and Burton 1988) that fits the data much better 
than other models (e.g., quadratic model: Van Aarde 198Ob). We fitted the 
model first to 1995 data (Y* = 0.997) with free parameters, and then checked 

it using 1996 data and the same set of parameters, obtaining a consistent 
result (Y* = 0.997). There is an almost perfect symmetry in the variation of 

the number of females on land in 1995 and 1996 (Fig. 1). We used the 
Gaussian model to standardize the irregular counts of females carried out prior 

to our study. These estimates were difficult to compare directly because they 
had been made in different periods of the breeding season. Since the timing 
of breeding in our population is almost constant in different years (see below), 

we may use our model to correct the old counts (data from David Gray, 
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Tab/e 1. Female density on land (number of females per km of coastline) in various 
populations of southern elephant seals. It is not always clear (e.g., Carrick et al. 1962, 
Carrick and Ingham 1960) if the reported density refers to total coastline or just the 
portion of coastline suitable for elephant seal breeding. 

Population 

Sea Lion Island 
South Georgia 
Kerguelen 

Heard 
Macquarie 
Valdes Peninsula 

Density Source 

111 this study 
175-250 McCann 1980 

400 Bester and Lenglart 1982 
520 Van Aarde 198Oa 

2,188 Carrick et a/. 1962 
1,100 Carrick and Ingham 1960 

62 Baldi et al. 1996 

personal communication). The population seems to be stable (total number of 

breeding females: 1989 = 511; 1990 = 516; 1993 = 517), and no significant 

trend of increase or decrease in the 1989-1996 period is apparent (random- 
ization test for trend: Pro,eaO > 0.20). However, current short-term stability 
is not definitive evidence of stability in the long term, as the small population 

of Marion Island demonstrates (Bester and Wilkinson 1994). The other small, 
localized breeding population of elephant seals for which data are available, at 
Gough Island, is almost stable (Bester 1990). 

The density of females on Sea Lion Island was quite low (111 females per 
km of the coastline suitable for breeding) compared to densities recorded in 
other subantarctic populations (Table 1). This low level of crowding of females 

probably results from the small population size and the abundance of sandy 
beaches with a gentle slope. It is known that these are the preferred breeding 
habitat for elephant seals (Van Aarde 198Oa, Boyd et al, 1996), probably 

because of the ease of access and the sand’s favorable properties for thermo- 

regulation (Campagna and Lewis 1993). 
Prod&on dnd pap mortality-h 1995 gross production was 5 17 pups [5 15 

single births and one twin birth; twinning is uncommon in elephant seals 

(McCann 1985)1, and net production at the end of the breeding season was 
505 weanlings. Preweaning mortality was 1.74%, and total mortality at the 

end of the breeding season was 2.32%. In 1996 gross production was 5 18 
pups (all single births), net production was 508 weanlings, preweaning mor- 
tality was 1.54%, and total mortality at the end of the breeding season was 
1.93%. Mortality rate was homogeneous between years (preweaning: Fisher 

exact test, P > 0.80; total: Fisher exact test, P > 0.65), hence overall estimates 
of mortality can be derived: 1.64% preweaning (Q = 1035) and 2.13% total. 

The mortality was mostly due to still births (1995: 58%, n = 12; 1996: 
6O%, n = lo), similar to that in the population of the Valdes Peninsula (Baldi 

et af. 1996). The mortality rates found in our study are lower than those 
reported for other southern elephant seal populations (Table 2). In the northern 
elephant seal the high pup mortality (lo%-40%; Le Boeuf and Laws 1994) 

is mainly due to trampling and crushing by the males during their agonistic 
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Table 2. Preweaning mortality (% pups dead before weaning) in various popula- 
tions of southern elephant seals; n = sample size, when available. 

Population Mortality 

Sea Lion Island 1.64 
South Georgia 4.5 
Heard 5-10 
Macquarie 5-10 

Marion Island 2.: 
Gough Island 4:1 
Valdes Peninsula 3.5 

n 

1,035 

3,106 

225 
3,487 

Source 

this study 
McCann 1985 
Carrick et al. 1962 
Carrick and Ingham 1962 
Hindell and Burton 1987 
Condy 1977 
Bester 1980 
Baldi et a/. 1996 

activities and to starvation through prolonged separation of the pup from the 
mother because of female aggression or male interference (Le Boeuf and Briggs 
1977, Riedman and Le Boeuf 1982). The same events have been reported for 

high-density southern elephant seal populations (Macquarie Island: Carrick 

and Ingham 1960; South Georgia: McCann 1982). 
We did not perform autopsies on the dead pups of Sea Lion Island. Visual 

inspection, however, did not offer any indications of crushing by adult indi- 

viduals. In a sample of 434 male-female interactions, separation of the pup 
from the mother was recorded in 29% of cases, but separation was always 
short (mean duration = 5 min, n = 87; in only one case was separation longer 

than 15 min) and in no case definitive. We may conclude that the main sources 
of mortality observed in crowded populations of elephant seals are of minor 
importance on Sea Lion Island. 

The Sea Lion Island population is a low-density population characterized 
by medium-sized harems (see Materials and Methods). Low mortality could 

hence be a result of the low level of agonistic activity between males (unpub- 

lished data), the low crowding of females and the low level of female aggres- 

sion within the harems, as in the Valdes Peninsula population (Baldi et al. 

1996). 
Sex ratio-Variation in the sex ratio during the breeding season was esti- 

mated from the daily counts of the number of males and females on the 
breeding beaches. 

Three different estimates of the sex ratio were calculated using daily census 
data. The first is the sex ratio for mature individuals (MSR), the number of 
breeding females per male of class SAM2 or older. In our population, SAM2 

are the youngest males able to achieve intromission during occasional circum- 

stances in which access to estrous females is not restricted by social constraints. 
We assume that SAM2 males are physiologically mature, because age at ma- 
turity in elephant seals is estimated at 4-6 yr (Laws 1956). On Sea Lion Island, 

the MSR showed a daily variation of Gaussian shape, symmetric for variation 
in the number of females on land, and reached a maximum (11.5 females per 

male in 1995; 9.9 in 1996) just before the peak haul-out of females. The 
second index is the breeding sex ratio (BSR), the number of females per breed- 
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ing male (the males which stay on the breeding beaches for prolonged periods 
actively pursuing access to females). BSR had daily variation analogous to that 

of MSR and also reached a maximum (14.5 females per male in 1995; 13.0 
in 1996) just before the peak haul-out. 

A stricter criterion for calculating the ratio for breeding individuals is to 

consider only the alpha males, the males that have control of a harem and, 

therefore, almost unrestricted access to breeding females (at least in our study 
population). This may be the best measurement of the actual sex ratio of 
breeding individuals in a polygynous species with a harem-defense mating 

system. On Sea Lion Island, the overall ratio of breeding females to alpha 
males reached the maximum (46.9 females per male in 1995; 46.7 in 1996) 
just after the peak in the number of hauled-out females. 

The sex ratio between breeding individuals recorded on Sea Lion Island is 
intermediate between that reported by Campagna and Lewis (1993) for the 
Valdes Peninsula (females per alpha male = 11) and those reported for most 

subantarctic populations, for example by McCann (1980) for South Georgia 
(females per alpha male = 74.2), Van Aarde (19SOb) for the Kerguelen Islands 
(102.3) and Carrick et a/. (1962) for Macquarie Island (277). These data on 

sex ratio should be interpreted with caution because there may also be great 

variation in sex ratio within populations. 
Male age structure -There was great variation in the timing of arrival of 

different age classes at the breeding beaches. Consequently, the age structure 

of the population on land changed throughout the breeding season. The pat- 
tern of male arrival depended on age; adult males (median day of arrival = 
day 9 of the breeding season, n = 37 males) and older subadults (SAM4: day 
19, n = 22) arrived earlier than the younger animals (SAM3: day 25, n = 
20; SAM2: day 26,5, n = 12; Kruskall-Wallis test: H = 22.27; df = 3; P < 
0.0001). A peculiar pattern of this variation in age structure was a decrease 

in the relative number of fully adult males (AD) in the population, a common 
feature of most elephant seal populations (Le Boeuf and Laws 1994); at peak 
haul-out they represented less than 40% of the males active in breeding areas. 

The number of breeding males in each age class increased gradually from 
subadult class 1 males to adult males (n = 44 males: SAM1 = 3.6%, SAM2 
= 17.9%, SAM3 = 14.3%, SAM4 = 28.6%, AD = 35.7%). This age struc- 

ture is typical of a highly competitive mating system in which older males 
tend to have a higher resource-holding potential and tend to keep younger 
individuals away from breeding areas and females. 

Stirviua.?--More than half of the breeding females tagged in 1995 were 
observed again on Sea Lion Island in 1996 (67.4%, n = 516). As females of 
the genus Mirounga are known to show fidelity to a breeding site (Le Boeuf 

and Laws 1994), this is likely to be a good estimate of the actual survival rate 

of females between breeding seasons. We estimated the rate of tags lost by 
using double-tagged individuals and applying a binomial model of tag loss 
(Eberhardt et a/. 1979). The probability of losing a single tag was 0.164 and 

the probability of losing two tags was 0.027. Therefore, although the tag loss 
rate was higher than that recorded for the Marion Island population (Bester 
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and Wilkinson l994), the lack of identification of marked females would not 
significantly change the estimate of female survival between breeding seasons. 

Nevertheless, the estimate of survival was more accurate for breeding males 
than for females, as we marked most breeding males in 1995 with more tags 

than females, recorded every scar or natural mark on males, and checked each 
male for signs of lost tags on flippers. We assumed that males not present 

during the 1996 breeding season had died, because of the strongly phylopatric 
nature of the species, because of the lack of evidence that males may skip a 

breeding season (unpublished data), because of the high quality of our daily 
resight records, and because of the limited chances of breeding outside Sea 
Lion Island. Fifty percent of the breeding males marked in 1995 (n = 44) 
survived until the next breeding season. This survival rate is similar to that 

recorded by us at the Valdes Peninsula between 1993 and 1994 (48%, n = 
52; unpublished data). 

Breeding Biology 

Timing of the breeding Jeason-Reproduction in elephant seals occurs during 

a fixed three-month period when females come on land to give birth, suckle 
their pups and mate. The timing of the breeding of pinnipeds is regulated 
photoperiodically (Boyd 1991). On Sea Lion Island, the peak presence of fe- 

males on land was recorded on 20 October in both years. There is a rough 
clinal variation of the day of maximum number of females hauled out in 
various populations of southern elephant seals (Campagna et a/. 1993), and 

the timing of maximum haul-out on Sea Lion Island is in accordance with 
this cline (Table 3). Females began to come on land during the second week 
of September. The first birth was recorded on 11 September 1995 and on 17 

September 1996. The last departure of females was on 3 December 1995 and 
on 27 November 1996; the late departure in 1995 was due to an isolated 

female with an unusual breeding pattern. 
It is rather difficult to make a comparison among populations of the length 

of the entire breeding season because of intrinsic factors (such as the early 
arrival of some males and the atypical arrival of a few females at the beginning 
of the season) and the variability of criteria for calculation (McCann 1980). It 

is much easier to compare the length of the parturition period. On Sea Lion 
Island, births were recorded over a 60-d period in 1995 and a 58-d period in 
1996. These periods are longer than those reported for the Iles Kerguelen (43 
d, Angot 1954) and fles Crozet (36-5 1 d, Barrat and Mougin 1978) but 

similar to the time estimated for South Georgia (60 d) by Laws (1956). On 
the whole, the length of the birth season seems to be regular both across 

populations and across seasons in the same population, confirming the strict 

control of timing of breeding in this species. 
Fez&e breeding-The timing of female reproduction in land-breeding pin- 

nipeds is usually very regular (Boyd 1991), and elephant seals are no exception 

(Campagna et al. 1993). The typical female comes on land a few days before 
parturition, gives birth, suckles the pup for about three weeks, mates once or 
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Table 3. Geographic location and timing of reproduction in some populations of southern elephant seals, ordered by latitude. Peak is date 
of peak haul-out of females; Dist. is estimated distance (km) from Antarctic Convergence (-: south, +: north). Punta Delgada represents 
Valdes Peninsula population; Sea Lion Island represents Falkland Islands population. 

Population Lat. Long. Dist. Peak Source 

King George Is. 
Signy Island 
Macquarie Is. 
South Georgia 
Heard Island 
Campbell Is. 
Sea Lion Island 
Kerguelen 
Marion Is. 
Crozet 
Punta Delgada 

62’16’s 
60’43% 
54’29’s 
54Ol9l.S 
53000’s 
52’33% 
52’26’s 
49“2lS 
4G55’S 
46“25’S 
42O46l.S 

58O37’W 
45’36’W 

157”OO’E 
36O25’W 
73’3O’E 

169°09’E 
59OO5lW 
70’12’E 
37O45’E 
5 1’45’E 
63O38’W 

-460 
-400 
+160 
-240 
-320 
+800 
+630 

0 
+290 
+320 

+1,550 

25-10 Muller-Schwarze et al. 1978 
22-10 Laws 1956 
16-10 Carrick et ai. 1962 
25-10 McCann 1985 
18-10 Carrick et al. 1962 
16-10 Sorensen 1950 
20-10 this study 
15-10 Van Aarde 198Oa 
17-10 Condy 1979 
16-10 Barrat and Mougin 1978 
02-10 unpublished data 
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Figure 2. Distribution of days of occurrence of various breeding events for female 
elephant seals breeding on Sea Lion Island during 1996. Arrivals: n = 394 females; 
parturitions: n = 406; estrus: n = 404; departures: n = 275. 

more during a couple of days, and finally returns to sea. Median arrival date 
was 5 October in both 1995 (MAD = 7 d, n = 223) and 1996 (MAD = 6 

d, n = 394). Parturition was also very regular, and the median date was 12 
October in 1995 (MAD = 7 d, n = 137) and 10 October in 1996 (MAD = 
6 d, n = 406). The departure date was more irregular, showing a median on 

6 November in 1995 (MAD = 6 d, n = 107) and 1 November in 1996 
(MAD = 6 d, n = 275). As a consequence of the regular timing of parturition 
and the predictable interval between parturition and estrus, the distribution 

of days of estrus was very similar in the two years, the median date being 28 

October in 1995 (MAD = 6 d, n = 298) and 29 October in 1996 (MAD = 
6 d, n = 404). This regularity probably has a significant effect on male breed- 
ing, as the distribution of females in estrus is very predictable both in space 

and time (Fig. 2). The total time spent on land (arrival to departure) was very 
similar among females (CV = 0.122, n = 212 in 1995 and 0.151, n = 414 
in 1996) showing a median of 27 d (MAD = 2 d) in both years. The interval 
between parturition and the beginning of estrus (first non-protested copula- 
tion) was also regular (CV = 0.123, n = 116 in 1995 and 0.321, n = 238 

in 1996) with a median of 20 d (MAD = 2 d) in both years. This regularity 

is expected to promote synchronization in female mating and the predictability 
of the distribution of fertile periods over the breeding season. The timing of 
reproduction in our study area was almost the same as that reported for the 

Valdes Peninsula (Baldi et u/. 1996) and South Georgia (McCann 1980, Boyd 
et a/. 1996). The main difference between the populations was the day the 

season started, while internal timing was almost identical. 
Female phenotype and timing of reproduction-Preliminary evidence suggests 
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that the timing of reproduction partly depends on some aspects of the female 
phenotype, particularly size. Small females tended to arrive earlier than large 

females (median arrival day = 29 ZQ. 34, n = 49 and 163, respectively), with 
medium females closer to large ones (33, n = 156). In spite of the large 
variation within each class (CV > 0.2 in each class), the difference is significant 

(Kruskal-Wallis test: H = 11.785, df = 2, P = 0.0028). Small females also 

tended to give birth earlier than large females (median parturition day = 34 
v_r, 40, n = 51 and 163, respectively), and the difference is again statistically 
significant (Kruskal-Wallis test: H = 15.022, df = 2, P = 0.0005). This 

variation in the timing of breeding of females of different age classes suggests 
a variation in breeding strategies based on phenotypic differences. Large fe- 
males are expected to have greater fat reserves (Campagna et al. 1992) and 

hence be able to stay on land and suckle their pups for a longer period. Small 
and medium females spent a lower median number of days on land than large 
females (27 d zx 29 d, n = 184 and 151, respectively), and the relative 

variation was similar (CV = 0.118 and 0.106); the difference between large 
and pooled small and medium is significant (Mann-Whitney test: V = 18303; 

n = 15 1, 184; P C 0.000 1). Small and medium females spent a lower median 
number of days suckling their pups than large females (21 d U.J. 23 d, n = 

15 1 and 186, respectively); the relative variation is again similar (CV = 0.083 
and 0.092) and the difference between large and pooled small and medium is 
also significant (V = 18,910; n = 151, 186; P -C 0.0001). Large females seem 

to be able to stay on land longer and to suckle their pups for more days than 
smaller females. The absolute value of the difference in timing is small, but 
suckling is a heavy cost for the mother (Deutsch et al. 1994), as the energy 

transfer rate between mother and pup is very high (Costa et al. 1986). There- 
fore, even one additional day of suckling may have a significant impact on the 
female’s energy consumption and the weaning weight of the pup. 

Sex ratio at weaning- As the preweaning mortality on Sea Lion Island was 

very low, the weaning sex ratio can be considered a good indicator of sex ratio 
at birth (Campagna et al. 1992). Moreover, there is no indication of differential 
preweaning mortality between sexes (Lewis 1989, Le Boeuf and Laws 1994). 

In our study area, the sex ratio was slightly biased toward males (0.86 females 
per male in 1995, n = 439; 0.84 in 1996, n = 453), although the difference 
from an equal sex ratio was not significant in either year (1995: x* = 2.48, 
df = 1, P > 0.10; 1996: x2 = 3.36, df = 1, P = 0.07). A slight bias toward 
males at birth is common in the majority of elephant seal populations, ranging 

from 0.82 in South Georgia (Laws 1953) to 0.89 in the Kerguelen (Pascal 
1979) and 0.90 on Heard Island (Carrick and Ingham 1962), although an 

almost balanced sex ratio may sometimes be found (Kerguelen 0.99, Angot 

1954). 
Classical theory of evolution of breeding effort (Trivers and Willard 1973) 

predicts an adaptive variation of sex ratio in offspring of mothers with different 
phenotype. We compared sex ratio at birth of Sea Lion females classified by 

size and found small, non-significant differences between size classes (small: 
58.7 % males; medium: 52.9%; large: 54.0%; x* = 0.467, df = 2, P > 0.75). 
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Figure 3. Distribution of weight at weaning by size class of mother of sample of 

pups of the 1996 breeding season (n = 100 weanlings). 

This is rough, preliminary evidence against adaptive variation of sex ratio at 
birth according to capability of maternal investment. Previously published 

data are contradictory; Le Boeuf et aZ. (1989) reported no adaptive shift in 
parental investment in Mirounga angustirostkr, while for M. Jeonina there is 

variation between studies (Campagna et a/. 1992, Arnbom et aL. 1994). 
Weight at weaning-The distribution of weights was almost normal (gi = 

0.003, ga = -0.220), as usually found for morphometric variables, with a 

mean weight of 133.6 kg (SD = 22.0 kg, CV = 0.165). There was a modest 
sexual dimorphism at weaning in favor of males (males: 135.4 & 2 1.6 kg; 
females: 132.0 ? 23.3 kg), but the difference was not statistically significant 

(t = -0.688, df = 89, P = 0.4931). Weight at weaning was partly related 
to the duration of suckling: the number of days between birth and weaning 

was positively correlated to weanling weight (r = 0.3564, n = 77, P = 
0.0016). The weights recorded on Sea Lion Island were similar to those re- 
ported for the Valdes Peninsula (Campagna et a/. 1992) and higher than those 
reported for South Georgia (McCann et a/. 1989, Fedak et a/. 1994). For the 

Valdes Peninsula population, Campagna et a/. (1992) reported a proportional 
increase in weaning weight with an increase in female size (measured by a 

three-size-class system as in our study). 
In our population there was a clear relationship between mother’s size and 

weight at weaning (Fig. 3); mean corrected weanling weight rose from 109.2 
kg (SD = 17.1, n = 15) for small mothers to 125.1 kg (SD = 15.3, n = 36) 
for medium-sized mothers, to 149.1 kg (SD = 15.9, n = 44) for large mothers. 

These weights by size class are very similar to those found at Valdes. The 
difference in weaning weight among size classes is highly significant both for 
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the whole comparison (ANOVA: F = 43.7; df = 292; P < 0.0001) and for 
all pairwise comparisons (Scheffe test for unplanned comparisons: small zx 

medium P = 0.0068; small ZY. large P < 0.0001; medium ~.r, large P < 
0.0001). Our results confirm that the total breeding effort of females depends 
on their size. 

Male breeding-As shown above, there was large variation among age classes 

in the median day of arrival on land of males. Large variation was also found 
in total time spent on land. The first males came on land at the very beginning 

of the breeding season during the first week of September, before the haul- 
out of the first female. Some of the breeding males stayed on land for the 
entire breeding season, fasting for as much as three months, while others were 
on land for just a small part of the season. 

We considered total presence (number of days in which a male was on land) 
and active presence or tenure (number of days in which a male was on land 
and involved in competition for access to females). In a sample of 91 resident 

breeding males in the 1995 and 1996 breeding seasons, the median number 
of days spent on land was 55 (MAD = 14 d, CV = O.298), yet the number 

of days in which the males were active in breeding was only 15, with a MAD 
of 12 d (CV = 0.893). The variability for the active portion suggests that 

only a few males were able to sustain a large breeding effort throughout most 
of the breeding season. The variation of active presence is symmetrical with 
the variation of total presence, and the correlation between the two is high 

(& = 0.768, n = 91, P < 0.0001). 
According to the predictions of an age-specific tuning of the breeding effort 

based on life history theories (Roff 1992), a large variation in presence on land 
is expected among male age categories. The total presence on land was greater 
for adult males than for subadult males (Kruskall-Wallis test: H = 3 1.818, 
df = 3, P C O.OOOl), but the difference was not large and only modest 

variation among subadult classes was revealed. There was much larger variation 

in active presence among age categories. In this case, there was a gradual 
increase in the number of days spent on land from subadult class 2 to subadult 
class 4 and a steep increase between SAM4 and adult males (Kruskall-Wallis 

test: H = 59.514, K = 3, P < 0.0001). The effect of aging on presence on 
land is revealed by a comparison of the number of days spent on land by males 
breeding on Sea Lion Island in 1995 and again in 1996; 87.1% (n = 3 1) of 

the males that returned stayed on land longer in 1996, and that percentage 
becomes 94.7 (n = 19) if we consider only males who were subadults in 1995. 
For subadult males, the mean increase in presence on land in the second season 

was 17.6 d. This result confirms an increase in the breeding effort as males 
get older (Fig. 4). 

Another correlate of length of presence on land was the seasonal breeding 

status of males. Principal males, which controlled females during the breeding 
season, spent more days on land than secondary males (median = 73 us. 49 
d, n = 23 and 68) and the difference was very significant (Mann-Whitney 

test: U = 1,364.5; n = 23, 68; P C 0.0001). Our result is similar to that 

obtained at Valdes Peninsula (Campagna et al. 1993) and is supported by 
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Figwe 4. Active presence on land (median and range) of various age classes of male 
elephant seals (adult males and three classes of subadult males) on Sea Lion Island 
during 1995 breeding season. Active presence defined as number of days in which a 
male is not only on land but also in active breeding state. 

anecdotal evidence from other populations (McCann 1981). The role of time 
spent on land is clarified by examining its relationship with breeding perfor- 
mance. The number of days spent on land has a strong positive correlation 

with level of control of breeding females (rho = 0.586, n = 91 males, P < 
O.OOOl), with mating rate (&a = 0.63, n = 91, P = 0.0002), and with 
estimated fertilization success (rho = 0.641, n = 91, P < 0.0001). Length of 

presence on land therefore seems an important component of male breeding 
performance. In our study area we confirmed that older males with higher 
status tended to arrive on land earlier and to stay longer, gaining large breed- 

ing benefits from their long tenure. 

Conchion 

Within the context of the current research on elephant seal biology, the 
demography and the breeding biology of the small population of elephant 
seals of Sea Lion Island are particularly interesting. From a theoretical point 

of view, they may help us to understand the causes of the current decline that 
affects the majority of the large populations of elephant seals around the world. 
The Sea Lion Island population offers the opportunity to analyze the dynamics 

of the demographic, behavioral, and ecological parameters that affect the 
breeding biology of a population unit without the disturbing effects of un- 
known relationships with other populations. In fact, the elephant seal popu- 

lation of Sea Lion Island appears to be fairly isolated during the breeding 

season from the larger populations of the South Georgia stock; no individual 
marked in the Valdes Peninsula or in South Georgia has ever been resighted 
at Sea Lion Island during the breeding season. This is a preliminary but strong 

indication of absence of gene flow with the rest of the stock (DNA finger- 
printing studies are currently in development). Another advantage of the study 
of a small and almost closed population is that it allows us to track every 
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breeding individual within and through breeding seasons in a very detailed 

fashion, thus permitting the study of life history and breeding parameters at 
the individual level. 

Moreover, the population of Sea Lion Island seems to represent what is left 

of the formerly large population of the Falkland Islands, and there is sufficient 

evidence that breeding of elephant seals in the rest of the Falklands is very 
scarce. Therefore, the future status of the Sea Lion Island population could 
have a significant role in the conservation of the entire Falklands and South 

Georgia stock. Predicting the future of mammalian populations requires long- 
time series of demographic and life history parameters. For example, the short- 
term stability of the effective size of our seal population may be confirmed for 

the long term only when long time series of number of breeding females, pup 
mortality rate, and adult survival rate are available. One of the goals of our 
long-term study of this population is to obtain this kind of evidence. 

Comparison of behavioral measurements in several populations shows the 
strong effect of the breeding situation on individual strategies, and this seems 
to hold for southern elephant seals (unpublished data). Detailed knowledge of 

the demography, social behavior, and breeding biology is the first step toward 

a reliable description of the individual strategies and the evaluation of their 
effect on individual fitness. The baseline data we present in this paper set a 
reference point for our long-term research program on the breeding strategies 

of both male and female elephant seals. 
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