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F e m a l e  s o u t h e r n  e l e p h a n t  s e a l s  a r e  e x p e c t e d  t o  a d o p t  b e h a v i o u r s  t h a t  
r e d u c e  t h e  c o s t s  o f  m a I e  h a r a s s m e n t .  W e  s t u d i e d  t h e  s t r a t e g i e s  a n d  t a c t i c s  o f  
h a r a s s m e n t  r e d u c t i o n  i n  t w o  p o p u l a t i o n s ,  a t  P u n t a  D e l g a d a  ( V a l d &  P e n i n s u l a ,  
A r g e n t i n a )  a n d  a t  S e a  L i o n  I s l a n d  ( F a l k l a n d  I s l a n d s )  d u r i n g  f i v e  b r e e d i n g  s e a -  
s o n s  i n  a l l .  F e m a l e s  s y n c h r o n i z e d  t h e i r  b r e e d i n g  a c t i v i t i e s  t o  r e d u c e  h a r a s s m e n t  
r i s k ,  a n d  r a r e i y  b r e d  a l o n e  t o  r e d u c e  t h e  l i k e l i h o o d  o f  e n c o u n t e r s  w i t h  s u b a d u l t  
m a l e s .  F e m a l e s  s h o w e d  a  c l e a r  p r e f e r e n c e  f o r  l a r g e r  h a r e m s ,  t h a t  g u a r a n t e e d  a  
r e d u c e d  h a r a s s m e n t  r i s k :  m o v e m e n t s  b e t w e e n  a r r i v a l  o n  l a n d  a n d  p a r t u r i t i o n  
w e r e  m o s t l y  f r o m  s m a l l e r  t o  l a r g e r  h a r e m s ,  a n d  t h e  l i k e l i h o o d  o f  a b a n d o n m e n t  
w a s  l o w e r  f o r  l a r g e  h a r e m s .  F e m a l e s  p r o t e s t e d  a g a i n s t  a p p r o a c h i n g  m a l e s  i n  t h e  
v a s t  m a j o r i t y  o f  i n t e r a c t i o n s ,  r e g a r d l e s s  o f  t h e  s o c i a l  c o n t e x t  a n d  t h e  s t a t u s  o f  
t h e  i n t e r a c t i n g  m a l e ,  b u t  p r o t e s t  v a r i e d  w i t h  f e m a l e  b r e e d i n g  s t a t u s  a n d  m a l e  
p h e n o t y p e .  F r e q u e n c y  o f  p r o t e s t  o f  i n d i v i d u a l  f e m a l e s  d e c r e a s e d  l i n e a r l y  f r o m  

. t h e  b e g i n n i n g  o f  o e s t r u s  t o  d e p a r t u r e  t o  s e a .  I n t e r a c t i o n s  w i t h  m a t u r e  m a l e s  
w e r e  l e s s  p r o t e s t e d .  T h e  f r e q u e n c y  o f  p r o t e s t  l i n e a r l y  d e c r e a s e d  w i t h  i n c r e a s e  i n  
a g e  c l a s s ,  a n d  m a t i n g  a t t e m p t s  b y  m a l e s  o f  h i g h e r  s t a t u s  a n d  d o m i n a n c e  r a n k  
w e r e  l e s s  o f t e n  p r o t e s t e d .  M o s t  o f  t h i s  v a r i a t i o n  w i t h  m a l e  p h e n o t y p e ,  h o w e v e r ,  
w a s  d u e  t o  t h e  h i g h e r  p r o b a b i l i t y  o f  o l d e r  a n d  m o r e  d o m i n a n t  m a l e s  t o  i n t e r a c t  
w i t h  o e s t r u s  f e m a l e s  t h a t  h a d  a n  i n t r i n s i c l y  l o w e r  t e n d e n c y  t o  p r o t e s t .  P r o t e s t  
v a r i a t i o n  i n  r e l a t i o n  t o  m a l e  p h e n o t y p e  w a s  m o r e  p a r s i m o n i o u s l y  e x p l a i n e d  a s  a  
c o n s e q u e n c e  o f  d i f f e r e n t i a l  a c c e s s  o f  m a l e s  t o  o e s t r u s  f e m a l e s  r a t h e r  t h a n  o f  
f e m a l e  s e l e c t i v i t y .  P r o t e s t s  h a d  a  r o l e  i n  d i s r u p t i o n  o f  m a t i n g  a t t e m p t s ,  a l t h o u g h  

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

K E Y  W O R D S :  h a r a s s m e n t ,  m a t i n g  s y s t e m s ,  s y n c h r o n i z e d  b r e e d i n g ,  h a r e m s ,  f e m a l e  
p r o t e s t ,  m a t i n g  d i s r u p t i o n ,  “ t r a d e  s e x  f o r  p r o t e c t i o n ”  h y p o t h e s i s ,  
s o u t h e r n  e l e p h a n t  s e a l ,  h4irounga leonina. 
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Harassment (for definition see GALIMBERTI et al. 2000a) may entail significant 
costs for females (CLUTTON-BROCK & PARKER 1995) and may reduce their breeding 
success and survival (LE BOEUF & MESNICK 1990). Harassment is widespread in 
mammals (SMUTS & SMUTS 1993) and female behavioural responses to harassment 
are quite variable, ranging from plain flight (primates: SMUTS & SMUTS 1993; E q u u s  
spp.: BERGER 1986) to acceptance of mating (Ovis c u n a d e n s i s :  HOGG 1984; M r o u n g a  
u n g u s t i r o s t r i s :  MESNICK & LE BOEUF 1991). Aggressive retaliation by females is rare 
in mammals (SMUTS & SMUTS 1993, but see BERGER 1986 for wild horses). Males 
are usually the larger sex and they often have secondary sexual characters to be 
used as weapons in agonistic encounters: hence, female aggression may result in a 
very dangerous reaction by male (PACKER & PUSEY 1983). 

Females are expected to adopt strategies (= global, long term behaviours) and 
tactics (= context specific, short term behaviours) to reduce the likelihood of interac- 
tion with harassing males and the risk of harassment (SMUTS & SMUTS 1993). They 
may concentrate breeding in time and space, to enjoy a dilution effect on harass- 
ment rate (BONESS at al. 1995). They may breed in groups under the control of few 
dominant males, that should be able to keep away other males (TRILLMICH & 
TRILLMICH 1984). When not able to escape from harassing males, they may tune their 
behavioural reaction to mating attempts to reduce risk of physical damage (“trade 
sex for protection” hypothesis: MESNICK & LE BOEUF 1991, LOVELL-MANSBRIDGE & 
BIRKHEAD 1998). They may also show a suite of behaviours to enhance conspicuous- 
ness of the mating attempt to neighbouring males, and to incite their intervention 
(“female incitation of male competition” hypothesis: Cox & LE BOEUF 1977). 

Southern elephant seals ( A 4 i r o u n g u  Z e o n i n u ,  SES hereafter) are a good subject 
for tests of hypotheses concerning the female reaction to harassment. Harassment 
is frequent in this species, and although long term costs seem small, short term 
effects on female time and energy budgets are significant (GALIMBERTI et al. 2OOOa). 
In the northern elephant seal (M. u n g u s t i r o s t r i s )  females seem t o  mold their behav- 
ioural reaction in such a way to minimize the costs of harassment, in particular by 
a context specific fine tuning of protest against male approaches, and by facilita- 
tion of copulations (Cox & LE BOEUF 1977, MESNICK & LE BOEUF 1991). In this 
paper, we present data obtained from two local populations of SESs, Punta Delgada 
(Vald& Peninsula, Argentina; DEL hereafter) and Sea Lion Island (Falkland 
Islands; SLI hereafter), that have a different basal harassment risk due to differ- 
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ences in demography and socionomy (GALIMBERU et al. 2000a). We analyze the role 
of synchronized breeding, compare harassment between harem fetiales and isolat- 
ed females, evaluate preference of females for harems of different size, describe 
female reaction to male approaches, and evaluate the role of disruption of mating 
couples and female incitation of male competition. 

METHODS 

Details about study populations, behavioural observation protocols, definitions, and sta- 
tistics were presented in a companion paper (GALIMBERTI et al. 2000a). We outline here only 
specific aspects of methodology not covered in the previous paper. 

We estimated synchronization of breeding using dates of parturition and the begin of 
oestrus, calculated from serial records of individually marked females. We recorded every 
observed parturition (80-100 per year), and, thanks to the intensive marking and accurate 
censuses of breeding areas (GALIMBERTI et al. 2OOOa), we were able to estimate parturition 
time with a 12 hr precision for most non-observed birth. Distribution of observed and esti- 
mated parturition dates were equal. Xn all, we collected 354-429 parturition dates per year. 
We estimated the beginning of oestrus from parturition dates by applying a standard partum- 
oestrus delay of 20 days (GALIMBERTI & BOITANI 1999, see also CAMPAGNA et al. 1993). 

To evaluate female preference for harems of different size, we analyzed both move- 
ments between harems recorded during observation periods (see GALIMBERTI et al. 2OOOa), and 
movements estimated from serial records of marked females. Every day during censuses we 
identified 75-100% of the total number of females on land using tags and dye marks (GALIM- 
BERTI et al. 2OOOa), and hence we were able to accurately record most harem shifts. 

We define female protest as the series of avoidance/aggressive behaviours that SES 
females show when approached by males, including move away, sand flipping, body slams, 
swinging of hind flippers, bites on the neck and trunk of the male, and emission of croaking 
vocalizations. We classified protest in three level of intensity, low (L), medium (M), and high 
(H) using occurrence and length of different protest modules. Low protest involved only 
vocalizations and/or short distance movements, high protest involved direct aggression (biting 
of neck and trunk), repeated shaking of the body and fear flippers, long distance movements; 
all other episodes where classified as medium protest. 

Dominance hierarchies in southern elephant seals are well defined and almost stable 
during each breeding season (GALIMBERTI 1995). Hence, we define dominance run& of a male 
as the position occupied by the male in the dominance hierarchy as calculated from the 
r&ults of all agonistic interactions recorded. We applied the iterative method of Gibson &Z 
Guinness (GGI; GIBSON & GUINNESS 1980, GALIMBERTI 1995) to wins/losses matrices to calcu- 
late a population wide index of dominance. 

When statistical hypothesis were directional because of the natural ordering of groups 
(e.g. age class), we tested differences between groups with exact Cochran-Armitage test with 
equally spaced scores (= binomial trend test: ARMITAGE 1955, METHA & PATHEL 1992) for 2 x C 
contingency tables, and exact or randomization Jonckeere-Terpstra test (METHA & PATHEL 
1992) for R x C contingency tables and continuous variables. In these tests we sometimes cor- 
rected effects for a main categorical covariate (e.g. age class) using stratification (METHA & 
PATEL 1992). Cochran-Armitage test and Jonckeere-Terpstra test were run in StatXact Turbo 
2.11 (Cytel Software Corporation). We tested hypotheses on multiway contingency tables 
using log-linear models. When one of the factors in the table was clearly a dependent variable 
we employed logit models (AGRESTI 1990). In both cases, significance of individual factors 
was tested by comparing the likelihood-ratio of the model with and without the specific fac- 
tor (NORUSIS 1994). We run logit models and logistic regression in SPSS 6.1 for Power Macin- 
tosh (SPSS Inc.). 
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R E S U L T S  

S t r a t e g i e s  o f  h a r a s s m e n t  r e d u c t i o n  

D o  f e m a l e s  s y n c h r o n i z e  b r e e d i n g  t o  r e d u c e  e x p o s u r e  t o  h a r a s s i n g  m a l e s ?  

H a r a s s m e n t  d e p e n d s  o n  t h e  b r e e d i n g  s e x  r a t i o ,  a n d  s y n c h r o n i z e d  b r e e d i n g  
m a y  e f f e c t i v e l y  r e d u c e  t h e  r i s k  o f  i n t e r a c t i o n  w i t h  , h a r a s s i n g  m a l e s  (GALIMBERU e t  
a l .  2 0 0 0 a ) .  I n  b o t h  s t u d i e d  p o p u l a t i o n s  t h e  t i m i n g  o f  b r e e d i n g  i s  v e r y  r e g u l a r  a c r o s s  
y e a r s  ( D E L :  CAMPAGNA e t  a l .  1 9 9 3 ;  S L I :  GALIMBERTI & BOITANI 1999), a n d  t h e  m e d i a n  
d a t e  o f  o e s t r u s  w a s  a l m o s t  c o n s t a n t  ( 2 8 - 1 0  i n  1 9 9 5 ,  a n d  2 9 - 1 0  i n  1 9 9 6  a n d  1 9 9 7 ;  
M A D  =  6  d a y s  f o r  a l l  y e a r s ) .  A l t h o u g h  t h e  l e n g t h  o f  t h e  p e r i o d  i n  w h i c h  a t  l e a s t  o n e  
f e m a l e  i s  i n  o e s t r u s  w a s  a b o u t  5 2  d a y s  ( 1 9 9 5 :  5 5  d a y s ;  1 9 9 6 :  5 2  d a y s ;  1 9 9 7 :  5 0  
d a y s ) ,  m o s t  f e m a l e s  c a m e  i n t o  o e s t r u s  d u r i n g  a  3  w e e k s  p e r i o d ,  i . e .  i n  a b o u t  1 / 4  o f  
t h e  e n t i r e  l e n g t h  o f  t h e  b r e e d i n g  s e a s o n  ( i n  d i f f e r e n t  y e a r s  6 9 . 8 - 7 3 . 6 %  o f  2 9 5 - 4 2 8  
f e m a l e s  b e g a n  o e s t r u s  i n  a  3  w e e k  p e r i o d ,  a n d  8 8 . 4 - 9 1 . 5 %  i n  a  4  w e e k ) .  T h e  s a m e  
r e s u l t  w a s  f o u n d  c o n s i d e r i n g  t h e  t o t a l  n u m b e r  o f  f e m a l e s  a c t u a l l y  i n  o e s t r u s  d u r i n g  
e a c h  d a y  ( 7 3 . 6 - 7 6 . 0 %  i n  3  w e e k s  a n d  8 7 . 2 - 9 0 . 3 %  i n  4 ) .  T h e  d i s t r i b u t i o n  o f  o e s t r u s  
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Week of the breeding season 

Fig. 1. - Distribution of percentages of females entering oestrus, 1994 for DEL and 1996 randomly 
shosen to represent SLI (kurtosisDEL = - 0.96, kurtosis sL1 = - 0.83; breeding processes in elephant 
seals are well described by gaussian models, GALIMBERTI & BOITANI 1999, hence synchronization 
may be described by index of kurtosis of distribution of oestrus). Breeding was slightly less syn- 
chronized at DEL, with a longer span with at least one female in oestrus (70 days in 1994) and less 
concentration of oestrus (58.1%, n = 239 females in 3 weeks; 67.8% in 4; comparison of weekly fre- 
quencies, Exact likelihood ratio test: G = 38.5, P = 0.0000). Day of begin of oestrus of individual 
marked females was calculated from observed parturition date by adding the mean span in days 
between parturition and oestrus (GALIMBERTI 6 BOITANI 1999). 
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across the season was homogeneous at SLI between different seasons (Exact likeli- 
hood ratio test: G = 4.79, P = 0.57), but breeding was less synchronized at DEL 
(Fig. 1). 

We compared geographic variation in the synchronization of breeding using 
the distribution of births, instead of oestrus, because this information was more 
readily available. For Valdes Peninsula, CAMPAGNA et al. (1993) report that 60% of 
the pups are born during the 3 weeks of the maximum concentration of births, 
while on Sea Lion Island about 75% (73.0% in 1995, 76.8% in 1996) of pups are 
born during 3 weeks and about 85% (84.7% in 1995 and 86.9% in 1996) during 4 
weeks. Both MCCANN (1985) for South Georgia and CARRICK et al. (1962) for Mac- 
quarie Island report that about 80% of the pups are born in about 3 weeks. 
Notwithstanding geographic variation, high synchronization of breeding is typical 
of all elephant seal populations. 

Do females show any harem size related preference? 

Do females move between harems ? Breeding in large harems guarantees a 
reduced risk of harassment (GALIMBERTI et al. 2OOOa). We evaluated harem size 
preference from movements of females that changed harem between arrival and 
parturition. Twenty one percent of females (n = 115 1 marked females) changed 
harem; median length in days between settlement in the first harem and settlement 
in the parturition harem was 3 days (MAD = 2, n = 247). Most shifting females 
(89.7%, n = 247) went directly to the parturition harem, while the rest visited 1-4 
harems (median = 1 harem) before settling for the parturition, with a median 
length of residency in the transfer harems of 1.6 days. No differences in tendency 
to shift were found between females of different size classes (S = 17.6% of n = 142 
females, M = 22.5% of 391, L = 22.4% of 576; Exact likelihood ratio test: G = 1.77; 
P = 0.41). 

Do females choose larger harems. 2 The likelihood of abandonment of a harem 
before parturition had a negative correlation with harem size and a positive one 
with rate of harassment (Fig. 2); small harems, with higher per capita harassment 
rate, were abandoned more often, In a sample of 86 movements between harems 
observed from departure to arrival, females usually shifted to larger harems (mean 
diff, in size = 13.4 females; Wilcoxon signed rank test: z = - 3.37, I = 0.0008). We 
then considered all harem shift as detected from daily census. Females moved to 
larger harems in 63.5% of cases (n = 301) and harems at the end of the shift were 
larger than harems at the beginning (mearz diff. in size = 10.1 females; Wilcoxon 
signed rank test: I = - 4.12, I c 0.0001). These movements were in many cases par- 
tial movements, i.e. the same female moved again before parturition. Definitive 
shifts between arrival and parturition were tested using serial records of marked 
females. In a sample of 205 females that settled in one harem at arrival and then 
moved to another harem for parturition, 70.0% shifted to a larger harem; mean dif- 
ference in size between harem of arrival and harem of parturition was 24.3 females 
(Wilcoxon signed rank test: z = - 8.28, I .c 0.0001). This shift towards harems larg- 
er at the moment of the movement implied a shift toward harems which also had a 
larger size at peak haul out (mean difi = 31.8; Wilcoxon signed rank test: z = - 
9.10, P < 0.0001). 

Do shift to larger harems affect the likelihood of harassment? Destination 
harems had an higher number of associated males than origin harems at the 
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m o m e n t  o f  t h e  s h i f t  ( Y U ~ U Y Z  diff. = 0 . 3 1 ;  W i l c o x o n  s i g n e d  r a n k  t e s t :  z  =  2 . 7 8 ,  P = 
0 . 0 0 6 0 ) ;  t h i s  e f f e c t  w a s  d u e  t o  t h e  c o r r e l a t i o n  b e t w e e n  h a r e m  s i z e  a n d  n u m b e r  o f  
a s s o c i a t e d  m a l e s  (GALIMBERTI e t  a l .  2 O O O a ) .  T h e  i n c r e a s e  i n  n u m b e r  o f  a s s o c i a t e d  
m a l e s  due to harem shift did not result in an increase of harassment rate (wzeun 
diff. = 0 . 0 0 6 ;  W i l c o x o n  s i g n e d  r a n k  t e s t :  z  =  -  1 . 4 1 ,  I > 0.15) due to the dilution 
effect of the increase in harem size (GALIMBERTI et al. 2000a). 

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

Do female choose specific harem holders? 

T h e  c a p a b i l i t y  o f  h a r e m s  h o l d e r s  t o  p r o v i d e  p r o t e c t i o n  a g a i n s t  h a r a s s i n g  
m a l e s  s h o u l d  b e  r e l a t e d  t o  h a r e m  h o l d e r  ( H H )  p h e n o t y p e .  O l d e r  a n d  b i g g e r  m a l e s  
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W e i g h e d  h a r a s s m e n t  r a t e  

F i g .  2 .  -  R a t e  o f  a b a n d o n m e n t  o f  h a r e m s  ( p r o p o r t i o n  o f  f e m a l e s  l e a v i n g  t h e  h a r e m )  o n  h a r e m  s i z e  
( n u m b e r  o f  f e m a l e s  a t  p e a k ;  P e a r s o n ’ s  c o r r e l a t i o n  c o e f f i c i e n t ,  w i t h  r a n d o m i z a t i o n  t e s t :  r  =  -  0 . 6 5 9 ,  
n  =  3 3  h a r e m s ,  P I , , 0 0 0  =  0 . 0 0 0 1 )  a n d  w e i g h e d  h a r a s s m e n t  r a t e  ( m e a n  h a r a s s m e n t  r a t e  p e r  o b s e r v a -  
t i o n  p e r i o d ;  r  =  0 . 6 1 5 :  n  =  3 0  h a r e m s ,  o n e  o u t l i e r  e x c l u d e d ;  F ’ I O O O , ,  =  0 . 0 0 0 2 ) .  L i n e  i s  L O W E S S  
s m o o t h e r  ( t e n s i o n  =  6 6 %  o f  p o i n t ;  T R E X L E R  8  T R A V I S  1 9 9 3 ) .  
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are better able to control their harems (GALIMBERTI 1995, MODIG 1996). Hence, 
females may reduce harassment risk by choosing powerful HH. Due to the preva- 
lence of adults between HH, we were not able to effectively test the role of holder 
age in change of harem by individual females. In 93.1% of 260 changes of harem, 
the holder of both the source harem and the destination harem were adults. In the 
remaining changes (n = 18) in 77.8% of cases an older male was holder of the des- 
tination harem. On the other side, there was variation in size class of HH males. In 
a sample of 258 changes, the holder of the destination harem was the same size as 
the holder of the source harem in 32.5% of cases, larger in 47.7% and smaller in 
19.8%. We calculated for each year the expected proportions of movement towards 
smaller and larger holders from year specific size class distribution of HH. The 
observed proportion of movements towards larger HH was almost equal to the 
expected in 1995 (0.620 vs 0.625, n = 79; Binomial test: P = 0.48), slightly smaller 
than expected in 1996 (0.725 vs 0.850, n = 69; Binomial test: P = 0.003), and slight- 
ly larger than expected in 1997 (0.846 vs 0.725, n = 26; Binomial test: P = 0.13). In 
all, no clear trend of movements towards larger males was apparent. 

Female behavioural reaction to mating attempts 

How do female react to male approaches? 

Females protested most interactions in a more or less vigorous fashion 
(82.4%, n = 4476 interactions); in 31.9% of 3299 protested interactions the level of 
protest was classified as high. Females tried to move away from the male in 52% of 
3071 interactions, emitted vocalizations (see BARTHOLOMEW & COLLIAS 1962) in 
83.5% of 3102, bit the male in 5.1% of 3058, and resisted to the male approach 
with movements of the body (mainly shaking of the hindquarters, as in northern 
elephant seal: LE BOEUF 1972) in 80.1% of 1128. The structural analysis of behav- 
ioural sequences confirmed that direct aggression occurred only in few cases: plain 
move away represented 11.6% of observed behavioural modules (n = 3670), aggres- 
sive vocalization 17.6%, flippering (which is a stress associated behaviour: LEWIS & 
CAMPA~NA 1995) 0.76%, shaking of the body 5.8%, bite and strokes 0.3%. 

There was a clear variation in the proportion of protested interactions during 
the breeding season. During the pre-breeding and pre-peak phases of the season a 
larger proportion of interactions were protested (97.1% of 442 interactions and 
89.3% of 905 interactions) than during the peak and post-peak phases (78.4%, n = 
2814 and 77.1%, n = 315). 

Is female protest affected by harem size? 

We found a quite large variation in the proportion of protested interactions 
between harems (from 61.3%, n = 186 interactions to 96.9%, n = 260). We tested 
the effect of harem size on protest by comparing the frequency of protested inter- 
actions between harems of above median size (large harems) and below (small 
harems). If protest is mostly a tactic to reduce harassment by secondary males (as 
in northern elephant seals, Cox & LE BOEUF 1977), protest should be lower in small 
harems, which usually had few or no associated secondary males (GALIMBERTI et al. 
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2000a). Contrary to this expectation, females in small harem protested more fre- 
quently than females in large harems (91.8%, n = 716 interactions vs 83.8%, n = 
3209: Fisher’s exact test: P = 0.0000). Females in small harems were frequently 
approached by the harem holders also when they were clearly anoestrus. The level 
of protest was homogeneous between large and small harems (Exact likelihood 
ratio test: G = 0.2048, I = 0.91). We tested the effect of harem size on protest also 
by logistic regression, and we found a negative relationship between the likelihood 
of protest and total harems size [b = - 0.0113, se(b) = 0.0014; LR test: x2i = 67.0, P 
< 0.0001]. 

Do female protests affect mating efficiency? 

Zs facilitation of intromission frequent? Females protested against males dur- 
ing most approaches, and we never observed female solicitation of copulation, but, 
on the other hand, sometimes females facilitate intromission by opening their hind 
flippers, elevating the perineum, and adopting a lordotic posture (as in northern 
elephant seal: Cox & LE BOEUF 1977). Facilitation was observed in 1.35% of cases 
(n = 3177 interactions). Almost all facilitated matings involved an adult male 
(97.7%, n = 43). 

Do protests affect the likelihood of intromission? The occurrence of protest was 
lower for actual matings than for interactions that did not lead to intromission 
(51.7%, n = 998 vs 96.0%, n = 3169; Fisher’s exact test: P = 0.0000). This was true for 
both adult (51.4%, n = 951 vs 95.9%, n = 2779; Fisher’s exact test: P = 0.0000) and 
subadult males (57.4%, n = 47 vs 96.4%, n = 372; Fisher’s exact test: P = 0.0000). 

Protest occurred in 96.2% of unsuccessful attempts (n = 2673) of harem hold- 
ers and in 52.1% of successful ones (n = 940; Fisher’s exact test: P = 0.0000). The 
likelihood of ending with an intromission was. much lower for protested approach- 
es than for non-protested ones (HH: 22.3% of 2193 protested approaches vs 85.2% 
of 677 non-protested, Fisher’s exact test: P = 0.0000; non harem holders, NHH: 
9.5%, n’ = 274 vs 68.2%, n = 44, P = 0.0000). 

Readiness to copulate depends also on the breeding status of the female (see 
below); a smaller proportion of interactions with anoestrus females resulted in 
intromission (11.6%, n -= 4767 interactions with anoestrus females vs 74.1%, n = 
1092 interactions with oestrus females; Fisher’s exact test: P = 0.0000). We evaluat- 
ed the joint effect of female status and protest by entering the two variables in a 
logit model with success in intromission as the dependent variable; as separate fac- 
tors, both females status and protest did not fully explain the variation in intromis- 
sion success, but the dispersion explained by female status was larger than the 
variation explained by protest (entropy due to model: 690.2 vs 502.7). 

Zs length of preliminaries influenced by protest? We expected protest to 
increase the time necessary to reach intromission. Median time in seconds to reach 
intromission (first intromission in cases with more than one intromission per mat- 
ing bout) was lower for non-protested.interactions than for protested ones (67 vs 
124 set; Mann-Whitney test: U’ = 56306.5, nprot, = 259, nNO” rr,,t, = 290, z = - 8.041, P 
c 0.0001). For adult males median time in seconds to reach intromission was lower 
for non-protested interactions than for protested ones (66 vs 124.5 set; U’ = 49316, 
riProt. = 244, nNon prot. = 272, z = - 8.1371, P -c 0.0001). The same was true for 
subadult males but the difference was not significant. For HH males median time 
in seconds to reach intromission was lower for non protested interactions than for 
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in proportion of interactions protested by individual females from day 5 before 
departure to the day of the departure (Fig. 3), but, again contrary to expectation, 
this decrease was a gradual and almost linear process, without a dramatic change 
during the day of the departure. 

Are the last copulations of individual females non-protested? The last co’pula- 
tions of individual females usually happened at the harem periphery before depar- 
ture, or during the departure phase. Hence, last copulations were an ideal subject 
to test the hypothesis of protest reduction as an anti-harassment tactic, in particu- 
lar against non-holder males. We expected last copulations to be non-protested in 
most cases, in particular when NHH were involved. 

To standardize differences in the basal tendency to protest of different 
females, we compared the first and last copulations of marked females. We found a 
notable reduction in the frequency of protest between first and last copulations 
both when the involved male was adult (35.2% of 182 last copulations were protest- 
ed vs 53.4% of 579 first copulations; Fisher’s exact test: P = 0.0000) and subadult 
(41.6%, n = 12 vs 71.4%, n = 28; Fisher’s exact test: I = 0.09; power analysis: effect 
size = 0.28; l-l3 = 0.43). The reduction in proportion of protested copulations was 
.larger for subadults (- 29.8% subadults vs - 18.2% for adults), but odds ratio of 
protest of last versus first copulations was homogeneous between the two age 
groups (Exact Zelen test for homogeneity: Zelen statistics = 0.2326, P = 0.72). There 
was a reduction in the frequency of protest between first and last copulations for 
HH (34.3% of 181 last copulations were protested vs 54.5% of 584 first copulations; 
Fisher’s exact test: P = 0.0000). On the contrary for NHH, last copulations were 
protested in a slightly higher percentage of cases (53.8%, n = 13 vs 47.8%, n = 23; 
Fisher’s exact test: P = 1; note the very small sample size; power analysis: effect size 
= 0.06; l-p = 0.06). 

Protest of first copulation was not particularly high. At SLI, 54.2% of first 
copulations (n = 607) were protested; most often (55.1%, n = 312) protest during 
these copulations was low. The percentage of protested first copulations was not 
different than the percentage of protested second or successive copulations (54.2%, 
n = 607 vs 51.7%, n = 998; Fisher’s exact test: P = 0.35); the distribution of levels of 
protest was homogeneous between first copulations and the rest of copulations 
(Exact likelihood ratio test: G = 1.448, P = 0.50). 

In all, according to expectations, protest of each individual female decreased 
from first to last copulation, but first copulations as a whole were not particularly 
protested; hence, this reduction seems the result of a process in which females 
become accustomed to male approaches, and the most important factor here seems 
the individual variation in the basal tendency to protest. We found scarce evidence 
of a specific reduction of protest during last copulations with marginal males: 
reduction was homogeneous between males age classes, and we found a slight 
increase of protest were NHH were involved. 

Is female protest tuned to male phenotype? 

Age class. A higher percentage of interactions was protested for subadult 
males than for adults (92.1% of 433 interactions vs 84.6 of 3732; Fisher’s exact test: 
I = 0.0000); although we found a significant variation in the proportion of protest- 
ed interactions between age classes, differences were small, the trend of decrease 
with age was not completely clear, and it depended strongly on the pooling of 
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females of different breeding status (Fig. 4). The trend was more apparent when 
comparing subadults pooled in two classes based on physiological maturity (pre- 
breeding subadults: 100% protested, n = 46; breeding subadults: 91.2%, n = 387; 
Exact Cochran-Armitage test: standardized trend statistic = - 4.448; P = 0.0000). We 
found no difference in the proportion of interactions with medium level of protest 
between adult and subadult males (49.3%, n = 1395 vs 49.4%, n = 170). 

Breeding experience. The effect of male experience was tested by comparing 
males who held a harem during the previous breeding season (experienced males) 
with males who did not (inexperienced males). Interactions with inexperienced 
males were protested more often (89.8%, n = 1328 vs 85.1, n = 1959; Fisher’s exact 
test: P = O.OOOO), however caution is needed in interpreting this finding due to the 
very small effect size and the very large samples. 

Male status and dominance rank. The frequency of protest was slightly lower 
for alpha males than for non-alpha males (81.6% of 3718 interactions vi 86.4% of 
745; Fisher’s exact test: I = 0.0015). Differences in the frequency of protest directed 
towards males of different status was large (Likelihood ratio test with Monte Carlo 
sampling: I = O.OOOS), and examination of residuals suggested that secondary 
males associated with harems had a higher proportion of protested interactions. 
This was confirmed by testing peripheral plus marginal males vs other males 
(90.5%, n = 346 vs 81.8%, n = 4030; Fisher’s exact test: P = 0.0000). 

We evaluated the effect of dominance rank, as measured by GGI, on likeli- 
hood of protest by logistic regression: the regregsion coefficient was negative [b = 
- 6.067, se(b) = 0.795; LR test: Gr = 76.45, P c O.OOOl], hence an increase in the 
rank of the male reduced the likelihood of protest by the female. 

l shfi SAM2 l SAM3 w SAM4 l AD 

All Oestrus Anoestrus 

Female breeding status 

Fig. 4. - Percentage of protested interactions by male age class (SAM1 to AD) for all interactions 
(Exact Cochran-Armitage test: standardized trend stutistic = - 4.027; P = O.OOOl), interactions with 
oestrus females only (sfmdmdized trend sfatistic = 0.8748; P = 0.40), and interactions with 
anoestrus females only (standardized trend stutistic = - 1.342; P = 0.19). 
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In all, some of the observed variation of female protest was related to male 
phenotype. In particular, females protested less when approached by older, more 
experienced males, with higher status and dominance rank, but in most cases the 
effect size was small, and trends were not completely clear. 

Is male phenotype the most important determinant of protest? 

The reduced percentage of protested interactions for adult, dominant males 
could be simply a by product of their likelihood to interact with oestrus females, 
that had a lower tendency to protest. Adult males interacted more with oestrus 
females than did subadults males (15.4%, n = 7393 vs 5.1%, n = 1133; Fisher’s exact 
test: P = 0.0000). Considering oestrus females only, the proportion of protested 
interactions was, contrary to expectation, higher for adult males, although the dif- 
ference was slight (46.2%, n = 816 vs 38.9%, n = 36; Fisher’s exact test: P = 0.50; 
note the extreme difference in size of samples). We entered protest as dependent 
and adulthood and oestrus state as independent variables in a logit model. The 
most parsimonious model included only oestrus state (fit of the whole model, LR 
test: GZ = 3.606, P = 0.16) and the inclusion of adulthood resulted in a decline of 
fitting (improvement in the fitting, LR test: G1 = 3.301, P = 0.70: negligible increase 
in entropy explained by the model). 

As a better context to test pure female tendency to protest, we considered only 
uninterrupted mating attempts during which the male was actually able to touch 
the female. There was only a slight difference in the percentage of protested interac- 
tions between subadults and adults (81.1%, n = 2325 vs 86.2%, n = 167; Fisher’s 
exact test: P = 0.12), and no clear trend of decrease with age (e.g. 88.5%, n = 78 for 
SAM4 and 80.0%, n = 60 for SAM3; Exact Cochran-Armitage test: standardized trend 
statistic = - 1.619; P = 0.11). We then considered only non-disrupted mating 
attempts with intromission longer than 60 sec. Copulations with subadults were 
protested in only a slightly larger proportion of cases (55.0%, n = 40 vs 52.4%, n = 
767; Fisher’s exact test: P = 0.87) and there was no clear trend of decrease in protest 
between subadults of different age classes (in fact, the proportion of protested inter- 
actions was higher for SAM 4 than for SAM31 61.9%, n = 21 vs 33.3%, n = 12; Exact 
Cochran-Armitage test: standardized trend statistic = 0.1239; P = 1). 

In conclusion, although females tended to protest regardless of the interactor, 
they also had a small tendency to protest more during approaches of subadult, 
inexperienced males, but the bulk of this effect was due to the lower likelihood of 
secondary males to interact with oestrus females. Hence, the apparent modulation 
of protest on male phenotype is better explained as a result of phenotype-limited 
opportunities to interact with receptive females (that depend on the male domi- 
nance system), than as a result of an active female preference for specific males. 

Mating disruption and female protest 

The reaction of the female to male approaches may have a special role in dis- 
ruption of mating couples, as suggested for the northern elephant seals (Cox & LE 
BOEUF 1977). Hence, we carefully analyzed the effect of protest on likelihood of dis- 
ruption. 
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Is disruption of mating couples frequent and homogeneous between populations? 

Reproductive interactions were disrupted by another male in 11.5% of cases 
(n = 8923). The likelihood of interruption of approaches and mating attempts was 
higher at PD (17.5%, n = 2656 interactions vs 8.9%, n = 6267; Fisher’s exact test: P 
= 0.0000). The rate of disruption was lower for actual copulations than for mating 
attempts without intromission both at DEL (5.6%, n = 834 vs 29.5%, n = 1057; 
Fisher’s exact test: P = 0.0000) and SLI (1.9%, n = 963 vs 9.7%, n = 3211; Fisher’s 
exact test: P = 0.0000). This difference is in accordance with the results from South 
Georgia, although there disruption is more frequent (39% of approaches, and 4.5% 
of actual copulations; MCCANN 1981). 

At DEL, we found a gradual trend of a decrease in the proportion of inter- 
rupted interactions with the increase in the likelihood of intromission (from 
approaches, 30.5%, n = 946; to mounts, 20.7%, n = 111; to actual copulations, 
5.6%, n = 834; Exact Cochran-Armitage test: standardized trend statistic = - 13.36; P 
= 0.0000); this trend was not apparent on SLI where the reduction in disruption 
was abrupt. At DEL we found a 72.9% decrease in disruption between mounts and 
copulations, while on SLI the decrease was 9.5.9%. These results confirmed our 
general impression that SLI males were much more efficient in controlling the 
activity of other males. 

Does male phenotype affect disruption? 

The likelihood of disruption should depend firstly on the resource holding 
potential of the males involved. Hence, before testing the effect of female protest, 
we evaluated the effect of male phenotype on the likelihood of disruption. 

Is likelihood of disruption affected by the age of the interactors? The majority of 
disrupted males were subadults both at DEL (70.1%, n = 461 interactions) and SLI 
(.59.5%, n = 5.56; Fisher’s exact test: P = 0.0005); the higher proportion of disrupted 
adults at SLI was due to the higher presence of adults between secondary males, a 
result of the higher degree of despotism found at SLI. The percentage of disrupted 
interactions decreased with age of the disrupted male both at DEL (from 63.6%, n = 
55 of SAM1 to 7.8%, n = 1775 of adults; Exact Cochran-Armitage test: standardized 
trend statistic = - 18.61; P = 0.0000) and SLI (from 42.9%, n = 63 to 4.2%, n = 5357; 
Exact Cochran-Armitage test: standardized trend statistic = - 27.81; P = 0.0000). 

Is the likelihood of disruption affected by the seasonal status of the interactors? 
Non harem holders were disrupted more frequently than holders both at DEL 
(37.0% of 625 interactions by NHH were disrupted vs 11.4% of 2029 interactions by 
HH; Fisher exact test: P = 0.0000) and SLI (37.6% of 1159 interactions by NHH 
were disrupted vs 2.4% of 5102 interactions by HH; Fisher exact test: P = 0.0000). 
While the proportion of disrupted interactions for NHH was homogeneous between 
populations, the proportion of disrupted interactions for HH was not (Fisher exact 
test: I = 0.0000). This difference was due to the reduced level of despotism at DEL, 
that permits less powerful males to achieve the status of harem holders by simply 
shifting harem or breeding area. 

Is the likelihood of disruption affected by the instantaneous status of the inter- 
actors? Alpha males were almost never disrupted during their mating attempts both 
at DEL (0.8% of 1333 interactions were disrupted) and SLI (0.5% of 4763 interac- 
tions were disrupted). Apart from the almost null likelihood of disruption of alpha 
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males, we did not find any strong effect of instantaneous status of the male: alphas 
were able to disrupt the mating attempts of other males in spite of their proximity 
to females. Solitary males were disrupted much more frequently at DEL than at 
SLI (45.3%, n = 150 vs 26.1%, n = 505; Fisher exact test: P = 0.0000): this result is 
related to the higher density of secondary males at DEL, that promotes competition 
for marginal breeding opportunities. 

Zs the likelihood of disruption affected by the dominance rank of the interactors? 
We evaluated the effect of dominance rank by running a logistic regression of dis- 
ruption on Gibson-Guinness index. Males with higher dominance rank were less 
prone to disruption both at DEL [n = 2516 interactions, b = - 11.11, SE(b) = 0.53; 
LR test: Gr = 551.6, P c O.OOOl] and SLI [n = 6155 interactions, b = - 11.35, SE(b) 
= 0.41; LR test: G, = 847.6, P < O.OOOl]. At DEL, mean rank of the disrupted males 
was 0.48 (n = 426 interactions, SD = 0.097), while mean rank of the non-disrupted 
males was 0.62 (n = 2090, SD = 0.097). At SLI, the mean rank of disrupted males 
was 0.51 (n = 530 interactions, SD = 0.104), while the mean rank of non-disrupted 
males was 0.66 (n = 5625, SD = 0.081). The disruptor had a higher rank than the 
disrupted in 95.7% of cases (n = 418) at DEL, and in the 95.1% of the cases (n = 
527) at SLI. 

Does the female position in and outside harems affect the disruption rate? 

Interactions with harem females were disrupted much more frequently than 
interactions with isolated females both at DEL (45.8%, n = 644 vs 16.2%, n = 198; 
Fisher’s exact test: P = 0.0000) and SLI (49.8%, n = 928 vs 10.5%, n = 533; Fisher’s 
exact test: P = 0.0000). 

At DEL core females were disrupted as frequently as non-core females (44.1%, 
n = 222 vs 46.7%, n = 422; Fisher’s exact test: P = 0.56), while at SLI the frequency 
of disruption for core females was much lower (33.1%, n = 151 vs 52.9%, n = 748; 
Fisher’s exact test: P = 0.0000). 

Zs the likelihood of disruption related to female protest? 

Protested interactions were disrupted in a higher proportion of cases but the 
difference was very small (5.7%, n = 3039 vs 4.1%, n = 510; Fisher’s exact test: P = 
0.17). The percentage of disrupted interactions increased only slightly with the level 
of protest (low: 4.0%, n = 48 1; medium: 4.5%, n = 12 11; high: 6.4%, n = 965; Exact 
Cochran-Armitage test: standardized trend statistic = 2.274; P = 0.0259). 

Zs the relationship between protest and disruption affected by male phenotype? 
The relationship between protest and likelihood of disruption was affected by the 
age of the male. Disruption was more frequent in protested interactions for SAM3 
(26.6%, n = 94 vs 14.3%, n = 14) and SAM4 (28.7%, n = 164 vs 25.0%, n = 12) while 
was less frequent for adults (2.7%, n = 2683 vs 2.9%, n = 479), but differences were 
small and the associated probability was very large (Exact permutation test, strati- 
fied by age class from SAM2 to AD) because all interactions involving JUVs and 
SAMls were protested: I = 0.90). 

We introduced male age and level of protest in a logit model with disruption as 
the dependent variable. The model with male age only fitted the data very well (LR 
test: Gz = 1.010, I = 0.60); the inclusion of protest level did not result in improve- 
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ment in the model (increase in entropy explained by the model c 0.1%) and actually 
reduce the quality of fit. The trend of a decrease in the percentage of disrupted inter- 
actions with age was true both in non protested (from 40%, n = 5 for SAM2 to 2.9%, 
n = 479 for AD, we recorded no non-protested interactions for SAMl; Exact 
Cochran-Armitage test: standardized trend statistic = - 5.216; P = 0.0002) and protest- 
ed interactions (from 40.5%, n = 42 for SAM1 to 2.5%, n = 2683 for AD; Exact 
Cochran-Armitage test: standardized trend statistic = - 19.12; P = 0.0001). This trend 
was not stronger for protested interactions (Exact Cochran-Armitage test: standard- 
ized trend statistic = 1.304, note positive sign; P = 0.20). We then compared the 
decrease in disruption with age between level of protest, to verify if the decrease was 
steeper for more highly protested interactions, and we found a small but significant 
difference between levels of protest (Jonckheere-Terpstra test, with Monte Carlo 
sampling: PIOOOOO = 0.0377), but contrary to the expectation the trend was more 
apparent for medium level protest (Medium vs Low, Exact Cochran-Armitage test, 
Bonferroni corrected: P = 0.0078; Medium vs High, Exact Cochran-Armitage test, 
Bonferroni corrected: P = 0.0003) and low and high level protest were homogeneous 
(Exact Cochran-Armitage test, Bonferroni corrected: P = 0.73). 

In all, we found that female protest increased the likelihood of disruption, but 
this effect was small, and it was not molded on the specific phenotype of both the 
disrupted male and the disruptor. Disruption of mating couples seems to depend 
mostly on differences of resource holding potential between the males, with little or 
no effect of female selectivity. Intense protest made approached females much 
more conspicuous, but HH were very often able to detected intruders in absence of 
female protest. 

DISCUSZjION 

Notwithstanding the mild ultimate effects of harassment (GALIMBERU et al. 
2OOOa), SES females showed clear aversive proximate reactions to male harass- 
ment, and adopted a suite of behavioural adaptations that reduce the likelihood of 
interception by harassing males and the risk of dangerous harassment. 

Harassment reduction 

A basic strategy of harassment defense is synchronization of breeding, i.e. a 
strong temporal clustering of reproduction. Females that breed at the same time of 
other females should suffer a lower level of harassment due to the dilution effect of 
the presence of other females, something analogous to the “predator-swamping” 
effect that also promotes synchronization (IMS 1990). Land breeding polygynous 
pinnipeds, have concentrated breeding seasons (RIEDMAN 1990, BOYD 199 1), and 
females that breed outside the phase of peak breeding usually experience higher 
level of harassment and lower breeding success (BONESS et al. 1995). In our study, 
the breeding season was almost 3 months long, but most females bred in a 4 weeks 
period. Females that come on land to breed around the peak of the season, experi- 
ence a higher breeding sex ratio, a net dilution in the risk of contacts with sec- 
ondary males, and a lower harassment rate (GALIMBERX et al. 2000a). Although in 
Pinnipedia synchronization is above all an adaptation to land breeding in unstable 
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environments (LE BOEUF 1986), it probably had a significant role as an harassment 
reduction tactic in the evolution of mating systems (BARTHOLOMEW 1970). 

The same dilution effect of clustering in time may result from clustering in 
space. Grouped breeding may entail significant costs to females, and may reduce 
lifetime breeding success (transmission of diseases: VEDROS et al. 1971; aggression 
between females: MCCANN 1982; mother-pup separation: RIEDMAN & LE BOEUF 1982; 
accidental damages due to male-male competition: LE BOEUF & BRIGGS 1977, BALDI 
et al. 1996), however, one of the benefits of grouped breeding that has been sug- 
gested as possible counter balancing factor of costs is defense from male aggressive 
mating tactics (TRILLMICH &z TRILLM~CH 1984). SES females have a strong tendency 
to grouped breeding and isolated females are rare both at DEL and SLI. Isolated 
females have a higher likelihood of encountering marginal males, suffer a higher 
rate of harassment, and are the main victims of episodes of intense harassment 
(GALIMBERTI et al. 2000a). Clustering of breeding in both time and space is analog 
to the “selfish herd” principle of the dilution of predation risk (HAMILTON 1971), 
and grouped breeding my be a very effective anti-harassment strategy (TFULLMICH & 
TRILLMICH 1984). In our studied populations large harems guarantee a lower per 
capita harassment rate, less disruption of activity rhythms, and a lower likelihood 
of interaction with young, inexperienced males (GALIMBERTI et al. 2000a). About 1/4 
of females of all age classes changed harem between arrival and parturition and 
showed a clear preference for larger harems. Conflict between sexes over optimal 
harem size is frequent in mammals (e.g. Murmota fihiventris: ARMITAGE 1986), but 
this was not the case in SES: large harems guarantee high mating success to HH 
males (unpublished data) and were also preferred by females. Both at DEL (BALDI 
et al. 1996) and at SLI (GALIMBERTI & BOITANI 1999) breeding in large harems does 
not seem to have the aversive effects on female breeding success typical of grouped 
breeding in pinniped species (LE BOEUF & BRIGGS 1977). 

The grouping of females during the breeding season under the control of a 
single dominant male should result in a reduction in the likelihood of encountering 
marginal males, and, hence, in a reduction of short- and long-term breeding costs 
for the female (LE BOEUF 1991). Seeking the protection of a dominant male is wide- 
spread in-primates (Porzgo: MITANI 1985) and has been proposed as a main cause of 
the evolution of ungulate leks (CLU~ON-BROCK et al. 1992, 1996). This effect should 
be much more pronounced in species with a high level of polygyny, due to the 
higher percentage of males excluded from access to females, and due to the danger 
of aggression, given the large sexual dimorphism. 

Variation in agonistic capabilities between males is often large, and this is 
particularly true in strongly despotic mating systems. Some males are expected to 
be able to offer females better protection from harassment by marginal males. 
Females may reduce harassment risk by choosing males with better success in 
competition, and, hence, clustering may depend on the relationship between the 
phenotype of breeding group holders and harassment. In SES, the stability of 
harem control and the capability to keep away marginal males have a notable effect 
on harassment level (GALIMBERTI et al. 2OOOa), and should depend on differences in 
resource holding potential between the alpha and other males associated with the 
harem. Hence, females may be expected to exert some kind of direct or indirect 
choice between alpha males on the basis of their phenotype. We found scarce evi- 
dence for an effect of male phenotype on female movement between harems. The 
proportion of shift towards older and larger males was not different from the 
expected proportions calculated from the distribution of phenotypic traits of the 



. Female strategies of harassment reduction 3i3 

HH males in the population. In all, females seems to adopt a simple strategy of 
clustering in both time and space, without fine tuning their choice of breeding unit 
on the male phenotype of the dominant males. 

Female behavioural reaction to harassment 

When strategies to escape from harassing males are not effective, females are 
expected to resort to tactics of harassment risk reduction. Females are able to tune 
their behavioural reaction during male approach: their reaction to male mating 
attempts is more or less independent from their physiological status, and they may 
show receptive behaviours also when not in oestrus (Panthera lea: PACKER & PUSEY 
1983; Primates: SMUTS &z SMUTS 1993). They may choose any mixture of aggres- 
sive/receptive behaviour between the two extremes of strong protest and the accep- 
tance of copulation. By protesting mating attempts, females usually attract the 
attention of other, possibly more dominant, males, thereby inducing attempts of 
mating disruption (the “female incitation of male competition” hypothesis: COX & 
LE BOEUF 1977). On the contrary, by reducing protest and showing receptive behav- 
iours during mating attempts, females may reduce the danger of physical damage 
(the “trade sex for protection” hypothesis: MESNICK & LE BOEUF 1991). 

I 

In SES, direct aggression was rarely used by females as an anti-harassment 
tactic: in species with risk of intense retaliation (due to sexual dimorphism in size 
and weapons) females tend to avoid direct aggression (PACKER & PUSEY 1983, SMUTS 
& SMUTS 1993). Females try to use plain move away as an avoidance tactic, but 
with limited success due to the higher agility of males on land (GALIMBERTI et al. 
2000a). Hence, SES females may only fine tune their reaction to males to reduce 
risk and effects of harassment. Females protested most mating attempts with a 
suite of behavioural modules, including croaking vocalization (low frequency pulse 
trains: S. SANVITO pers. comm.). Although females protested “by default” all ap- 
proaches and facilitation of copulations was rare, we found some evidence that 
females may tune their responses to males in relation to social context and male 
phenotype. We wish to emphasize that, contrary to findings in northern elephant 
seals (Cox & LE BOEUF 1977), this variation is a small part of an almost completely 
unselective protest tendency. 

Oestrus females protested less f’requently than anoestrus females, and there 
was a decrease in the level of protest with progress of oestrus. The level of protest 
was lower for the last copulation of individual females than for their first copula- 
tion, but there was no drastic variation in the level of protest during the last day on 
land. Increaie in behavioural receptivity to male approach was a gradual, almost 
linear process. COX & LE BOEUF (1977) suggest that in northern elephant seals 
receptivity during the last day on land is exceptionally high, in particular towards 
secondary males: on the contrary, we found that last copulations with individual 
females made by secondary male were slightly more protested than first copula- 
tions. We found much evidence that protest was less frequent and less intense dur- a 
ing interactions involving males with high resource holding potential, as in the 
northern species (Cox 1981). Approaches by adult males were less frequently 
protested than mating attempts by subadults: mature males and males of higher 
status also received less protest, and dominance rank was negatively related to like- 
lihood of protest. But this effects were a by-product of the higher likelihood of 
males with high resource holding potential to interact with oestrus females, who 
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thus have a fundamental tendency to protest less. Variation in protest between 
males with different phenotype is best explained by the different opportunities to 
contact oestrus females. The balance between protest and receptivity during mating 
attempt seems to depend more on the effect of simple female physiological state 
than on active or passive choice of specific male phenotypes. 

Protest and disruption of mating attempts 

Protest could be a valid anti-harassment tactic only if it increases the proba- 
bility of intervention by more dominant and mature males. Cox & LE BOEUF (1977) 
interpreted protest in northern elephant seals as a form of female incitation of 
male competition that resulted in a reduction of the likelihood of interaction with 
marginal males. Female behaviour during mating attempts may serve as solicita- 
tion of mate guarding by older, more dominant males and protection against 
harassing males in different species (Loxodonta africana: POOLE 1989; Columba 
livia: LOVELL-MANSBRIDGE & BIRKHEAD 1998). By protesting, females are supposed to 
enhance the likelihood of intervention by higher rank males (MESNICK & LE BOEUF 
1991); this could result in benefits at a proximate level (cessation of interaction 
with less dominant and less experienced males) and at an ultimate level (passive 
choice of males carrying “good genes”). 

Disruption of mating attempts was frequent in both populations-studied, 
although disruption was more common at DEL but more effective at SLI, where 
main breeding males were more efficient at controlling the activity of other males. 
Percentages of disrupted interactions, both total and per age class, were lower than 
in the northern species (Cox & LE BOEUF 1977). In Primates rate of disruption 
seems to be linked to rank per se, and not to specific individual traits (BRUCE & 
ESTEP 1992), while in both species of elephant seals tendency and capability to dis- 
rupt varied also between high ranking males. Disruptors were older, more mature 
and more dominant than disrupted males, who usually were subadults, and disrup- 
tion usually happened near harems, while interactions with isolated females were 
disrupted less frequently. 

Protested interactions were disrupted more frequently, but the difference was 
very slight. The likelihood of disruption increased with decrease of age class, and 
this trend was almost equal in both protested and non-protested interactions. COX 
& LE BOEUF (1977) reported for northern elephant seals that the mating attempts of 
subadults are interrupted earlier due to the effect of protest, and that mating 
attempts of subadults are always shorter. On the contrary, we did not find a clear 
trend of increase in duration of interactions with age and mean duration was 
shorter for adult males both for uninterrupted and interrupted interactions. This 
was not unexpected because observation of behavioural sequences demonstrated 
that htirem holders test females with rapid approaches while subadult, secondary 
males could be very persistent in their mating attempts if free to do so. Protest 
seems to have just a minor effect on the likelihood of interruption by other males, 
and this result was confirmed by observations of behavioural sequences of disrupt- 
ed mating attempts: intense protest made approached females much more conspic- 
uous, but often HH males were able to detected intruders in the absence of female 
protest. In all, we found a limited effect of protest on likelihood of disruption, that 
depended mostly on differences in RHP of involved males. 
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CONCLUSION 

Our results on southern elephant seals are at somewhat at variance with the 
results from the northern species (Cox & LE BOEUF 1977, Cox 1981, MESNICK &z LE 

BOEUF 1991). Northern elephant seal females seem to adopt the same global strate- 
gies of harassment reduction as the southern species, although these aspects are 
not directly tackled in the literature: breeding is very synchronized (LE BOEUF & 

LAWS 1994), females are grouped in harems (LE BOEUF 1972), and, inside harems, 
core females are better protected from being harassed by secondary males and 
enjoy higher pup survival and breeding success (REITER et al. 1981, RIEDMAN & LE 
BOEUF 1982). This is not unexpected because two species of the Miroungu genus 
have a very similar life history and share many aspects of breeding biology (LE 

BOEUF & LAWS 1994). 

. 
On the contrary, short term tactics of harassment reduction are less developed 

and effective in southern elephant seals than in the northern species. This variation 
between the two species seems to depend, apart from differences in methodology 
and scope of the studies, on variation in the basic demography and socionomy. The 
breeding areas of northern elephant seals are usually very crowded and the harems 
are much larger than the ones found in our studied populations (LE BOEUF 1972). 
More than one male is usually resident in each harem (LE BOEUF 1974), something 
that very rarely happened during our study, and the density of secondary males is 
much higher (MESNICK & LE BOEUF 1991). In these more complex breeding condi- 
tions, dominance hierarchies are less linear and steady than in our populations 
(DEL: GALIMBERTI 199.5; SLI: unpublished data), harem control is less clear and 
defined, and secondary males have more opportunities to interact with females 
(MESNICK & LE BOEUF 1991, GALIMBERTI et al. 2000b). In this situation, female tac- 
tics of harassment reduction may have a more important role. The “trade sex for 
protection” hypothesis, as originally proposed for northern elephant seals, is not as 
effective in explaining the modulation of female reaction to male harassment in the 
southern species. The applicability of this hypothesis seems less wide than expect- 
ed, because female capability to reduce the effect of aggressive male mating tactics 
strongly depends on local demography and socionomy of breeding areas and units, 
and may become apparent only in extreme social conditions. 

I The mating system of southern elephant seals is strongly despotic, mature 
harem holders have a very effective control of the local breeding situation, even 
when they have to manage social relationships with a large number of harem 
females and peripheral males. These conditions put severe limits on female tactics, 
and females seems to be confined in a role of “making the best of a bad job”. 
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