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Behavioural estimates o f male m a ting  success in  polygynous grey seals, Halichoerus grypus, m ay be 
m isleading as females are know n  to  be prom iscuous. A t Sable Island, Nova Scotia, we collected 
behavioural observations and skin samples fo r p a te rn ity  analysis from  56 females and th e ir a ttend ing  
males. Tw enty-four o f these females were fo u n d  in  the fo llo w in g  year and th e ir o ffspring were sampled. 
Using seven hypervariable m icrosate llite  loci, we excluded the  consort male as the  father in  43% o f the 
cases. The p ro b a b ility  o f exclusion o f these seven loc i was 98.2%. C on tra ry  to  expectations, in la n d  
females had h igher rates o f extraconsort fe rtiliza tions  (ECFs) (70%) than  beach females (23%). Younger 
females (<9 years) had s lig h tly  m ore ECFs than  older females, b u t th is  was n o t s ign ifican t. The dura tion  
o f male consortship d id  n o t d iffe r between females w ith  ECFs and females fe rtilized  by th e ir consort male. 
Two explanations m ay account fo r the in la n d  females hav ing  m ore ECFs: a h igher ra tio  o f females to 
tenured males in la n d  m ay provide a greater o p p o rtu n ity  fo r nonconsort males to  ob ta in  copulations; and 
in la n d  females travel greater distances to depart fo r the ocean and m ay attract m ore males. These results 
are m ore consistent w ith  the hypothesis th a t ECFs are a by-p roduct fo r females o f male strategies to 
m axim ize reproductive success than  w ith  hypotheses concerned w ith  e ither m ateria l or genetic benefits 
gained by  females.
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Genetic p a te rn ity  analyses are dram atica lly  changing our 
understanding o f an im al m a ting  systems and male and 
female reproductive strategies. Am ong birds, where m any 
species e xh ib it behavioura l systems th a t suggest m onog­
amous relationships, genetic analyses have o ften  shown 
th a t extrapair fe rtiliza tons (EPFs) occur (M o rton  et al. 
1990; W estneat 1990; G ow aty &  Bridges 1991; W agner 
et al. 1996). Moreover, b o th  males and females m ay be 
responsible fo r EPFs (Westneat et al. 1990; Birkhead &  
M ö lle r 1992; W agner 1992; Strohbach et al. 1998). The 
benefits to  males o f engaging in  extrapair m a ting  tha t 
leads to  fe rtiliz in g  add itona l females are reasonably clear. 
However, w hether there are benefits to  females fo r a 
g iven species and w ha t they  are is often less so.
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Am ong polygynous species, especially in  mam mals 
where courtsh ip  behaviour and fo rm a tio n  o f bonds is 
often n o t required fo r m ating , the factors shaping male 
and female reproductive strategies m ay be even more 
variable and com plex. In  m any polygynous species, males 
fo rm  associations w ith  one or m ore females sequentia lly 
or s im ultaneously by  defending territo ries w ith in  w h ich  
females reside, or by  defending groups o f females d irec tly  
(Emlen &  O ring  1977; C lu tton-B rock 1989; Davies 1991; 
Boness et al. 1993). Males are able to  devote the ir repro­
ductive e ffo rt d irec tly  tow ard  acquiring m u ltip le  females 
because they  are n o t required fo r successful rearing of 
young (Trivers 1972), no r do they  have to  invest e ffo rt in  
courting  females p rio r to  copu la tion . In  some polygynous 
species where males defend females, females are know n  
to  behave prom iscuously, th a t is, they  mate w ith  males 
other than  the ones defending or guarding them  (Gibbs 
et al. 1990; Pemberton et al. 1992; Amos et al. 1993; 
W estneat 1993; M o rin  et al. 1994; Craighead et al. 1995; 
Gray 1997a, b). W ha t underlies (e.g. the benefits to 
females) such p rom iscu ity  and its im pact on the repro­
ductive success o f in d iv id u a l males or particu la r male
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strategies has received m uch  less a tten tion  than  EPFs in  
m onogam ous species.

Polygyny is the  p redom inant, and m ay be even the 
sole, fo rm  o f m a ting  system in  p innipeds. Female 
p rom iscu ity  is know n  fro m  behavioural observations in  
several phoc id  species (Carrick et al. 1962; Le Boeuf 
1972; Boness &  James 1979) and m ay be m ore com m on 
than  in it ia l ly  th o u g h t among otariids (Boness et ah 
1993). However, lit t le  e ffo rt has been directed at assess­
ing  genetic outcomes o f th is  p rom iscu ity  or at try in g  to 
understand w h y  i t  occurs. In  th is  paper, we investigated 
the extent to  w h ich  female p rom iscu ity  in  the  p o ly ­
gynous grey seal, Halichoerus grypus, results in  extra­
consort fe rtiliza tio n  (ECF) to  evaluate behavioural 
estimates o f the success o f alternate male strategies and 
to compare our find ings  w ith  those o f a previous study 
at a d iffe ren t co lony (Amos et al. 1993). We also exam­
ined several p roxim ate  factors th a t m ig h t he lp  to 
expla in w h y  some females are fe rtilized  by the ir defend­
ing  consorts and others are no t. U n til recently (Amos 
et al. 1995) the presum ption  has been th a t female 
p rom iscu ity  in  grey seals, and other seals such as 
elephant seals, has s im p ly  been a consequence o f m a le - 
male com petition .

Grey seals show moderate levels o f po lygyny  based on 
behavioura l (Anderson et al. 1975; Boness &  James 1979; 
T inker et al. 1995) and genetic (Amos et al. 1993, 1995) 
data. Females aggregate on land  to  give b ir th  and nurse 
the ir pups fo r approxim ate ly  15-17 days. Females become 
receptive to  males about 2-3  days p rio r to  w eaning the ir 
pups (Boness &  James 1979; Boness et al. 1995). Males 
defend loosely defined clusters o f females, sh ifting  the ir 
positions to  be closer to  females th a t are receptive and 
even to fo llo w  receptive females w hen they  move (Boness 
&  James 1979). Females have been reported to  mate 
m u ltip le  times and w ith  as m any as fou r d iffe ren t males 
(Anderson et al. 1975; Boness &  James 1979). Recent 
genetic studies o f grey seals at N o rth  Rona, U.K., revealed 
th a t female p rom iscu ity  results in  consort males being 
less successful than  expected from  behavioura l estimates: 
36% o f fe rtiliza tions  were by  nonconsort males (Amos 
et al. 1993, 1995). These studies suggest th a t m ost ECFs 
were n o t by  ne ighbouring  established ('tenured') males 
b u t by  transien t males roam ing  th rough  the co lony  or 
offshore. In  contrast, behavioural data on grey seals at 
Sable Island, Nova Scotia, ind icate  th a t m ost extraconsort 
copulations were b y  ne ighbouring  tenured males and 
occurred w h ile  females were departing to  sea after 
w eaning th e ir pups (Boness &  James 1979).

We exam ined three proxim ate factors th a t m ay in f lu ­
ence the frequency o f ECFs in  grey seals: the loca tion  of 
females w ith  respect to  the shoreline, the  age o f females, 
and the leng th  o f tim e  the consort male had been associ­
ated w ith  the female p rio r to becom ing receptive.

(1) The density o f males along the  shoreline is greater 
than  in la n d  gullies and dune tops occupied by  seals 
because o f a greater num ber o f transien t males in  th is  
area. In  so far as female p rom iscu ity  is p r im a rily  a conse­
quence o f m ale-m ale com pe tition , we expect more 
females residing along the shoreline to have ECFs than  
females th a t reside in land .

(2) We were uncerta in  o f how  m aternal age m ig h t affect 
ECFs. On the  one hand, older females are experienced 
breeders and m ay be better at resisting male advances 
than  young females. However, data from  no rthe rn  
e lephant seals, Mirounga angustirostris, suggest th a t older 
females m ig h t ob ta in  m ore ECFs than  younger females 
because older females are m ore like ly  to  mate w ith  
aggressive males to  avoid in ju ry  (M esnick &  Le Boeuf 
1991).

(3) Females m ig h t active ly seek ECFs based on the 
q u a lity  o f th e ir male consorts. Females th a t are attended 
by  a male fo r shorter periods before they  become recep­
tive  m ay be less certain about the  q u a lity  o f the ir consort 
and m ore like ly  to  seek and mate w ith  other males. Both 
grey and e lephant seal females respond aggressively to 
males m aking  sexual advances, do so m ore often w hen 
i t  is n o t the ir consort, and th is  response incites male 
com pe tition  (Cox &  Le Boeuf 1977; Boness et al. 1982).

M E T H O D S

Field w o rk  was conducted in  January 1995 and 1996 at 
Sable Island, Nova Scotia, Canada (45°55'N; 60°00'W). 
Sable Island is a vegetated sandbar approx im ate ly  42 km  
long  and 1.5 km  w ide, located 288 km  east o f Halifax, 
Nova Scotia. The is land consists o f vegetated dunes, long, 
narrow  beaches, large, fla t, sandy areas and narrow, sandy 
cuts between dunes. Male and female grey seals hau l ou t 
on the  is land in  m id-Decem ber th rough  early February. 
The firs t females become receptive in  early January. For 
the  past several decades, pup p roduction  on Sable Island 
has been increasing at about 13% per year, and in  1995 
about 19 000 pups were bo rn  (M ohn  &  Bowen 1996).

Behaviour Study Site

In  January 1995, we created a grid  (110 x 8 0  m) by 
d riv in g  stakes in to  the  sand at 10-m intervals. The study 
area was oriented perpendicular to  the shoreline and was 
d iv ided  in to  th irds  (each 2933 m 2). The n o rth  section was 
adjacent to  the  shoreline area (between the tide line  and 
the  firs t dunes), where large num bers o f males m oved to 
and from  the water and females and males dispersed 
in land . We classified th is  as the  'beach' area. The centre 
and inne rm ost sections were beyond th a t area (on veg­
etated dunes or in  sand gullies fu rth e r in land), where the 
d is tr ib u tio n  o f anim als was less dense and fewer animals 
m oved in  and ou t o f the area. These sections were 
considered 'in la n d ' areas. We recorded behavioura l 
observations fro m  a b lin d  overlooking  the study area 
approx im ate ly  50 m  away. We collected behavioura l data 
du ring  day ligh t hours from  13 January to  3 February, 
w ith  the exception o f 28 January w hen a storm  prevented 
observations.

We observed the  behaviour o f 35 females located 
w ith in  the  study grid. Females th a t had recently given 
b ir th  were chosen so th a t we could  fo llo w  them  th ro u g h ­
ou t lac ta tion  and m ating. We pa in t-m arked and rad io ­
tagged 30 o f these 35 females and five  had un ique brands 
th a t had been applied w hen they  were pups. For easy
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id e n tifica tio n , we also pa in t-m arked 69 males th a t either 
rem ained in  the study area fo r periods longer than  1 day 
or were seen copu la ting  w ith  a focal female.

Five or six times each day we recorded the  loca tion  of 
these females and males on maps o f the study area to 
determ ine the m ovem ents o f females and the  status of 
males w ith  respect to tenure and consort re lationships. 
These data were subsequently d ig itized  (Summ agrid III 
tablet, Summagraphics, Inc.; Roots software, Harvard 
University), p rov id ing  X, Y coordinates fo r 104 in d iv id ­
uals. To determ ine between-day m ovem ent patterns of 
females, we calculated the distance between the locations 
o f a female on the firs t m ap o f each pa ir o f consecutive 
days. We determ ined w ith in -d a y  m ovem ent patterns 
using the distance between locations on consecutive 
maps w ith in  each day.

We used the maps to classify males s im ila rly  to  earlier 
studies o f grey seals (Boness &  James 1979; Anderson &  
Fedak 1985), w h ich  showed th a t some males take up 
positions and defend females w h ile  others move fre ­
quen tly  and seek m a ting  opportun ities  w hen females 
m ig h t n o t be defended. Using a frequency d is tr ib u tio n  of 
male residency in  a given loca tion, Boness (1979) showed 
th a t a large num ber o f males stayed less than  2 days, 
w h ile  other males stayed from  4 to  30 days, w ith  m ost 
rem a in ing  in  an area fo r 16-26 days. Based on this, males 
th a t rem ained w ith in  the  study site fo r less than  2 days 
were considered transien t and males th a t rem ained in  the 
study area fo r m ore than  2 consecutive days were con­
sidered tenured w ith  respect to  the study site. Secondly, 
fo r a given focal female, we classified males based on the ir 
association w ith  her. For a male to  be considered a 
female's consort, the  male had to be in  association w ith  
(defending) the female fo r at least 2 consecutive days. We 
used 2 days as our measure because fo r those females 
outside the  behaviour study site, a spot check fo r male 
association on any single day could  y ie ld  m isleading 
results. In  o ther words, the  male closest to  the female at 
the  tim e  o f checking m ig h t n o t actua lly be in  con tro l o f 
her. However, by  requ iring  th a t a male be attend ing  a 
female fo r a second day consecutive ly increases the  like ­
lih o o d  th a t the observed male was n o t s im p ly  a tem po r­
ary in trude r b rie fly  tak ing  advantage o f the  actual consort 
being otherwise occupied w ith  a ne ighbouring  male or 
female.

We also determ ined the  du ra tion  o f consortship and 
the  rate o f tu rnove r o f consorts fo r females in  the study 
area using the da ily  maps. Turnover rate was calculated as 
the  num ber o f d iffe ren t consort males w ith  a female 
du ring  lac ta tion  d iv ided  by  the num ber o f days she was 
observed.

We conducted a census o f adu lt females and males, 
in c lu d in g  tenured and transien t males to  estimate the 
density in  in la n d  and beach areas. We calculated the 
num ber o f transien t males by  subtracting the num ber of 
know n  tenured males w ith in  the study site fro m  the  to ta l 
num ber o f males. From these data we calculated the 
fem ale-to-tenured-m ale sex ra tio  and the  percentage of 
males th a t were transient.

D uring  the  da ily  observations, we recorded a ll aggres­
sive in te ractions between males three tim es a day fo r

30-m in  intervals. This was done to  establish possible 
differences in  the am ount o f male aggressive a c tiv ity  
between the in la n d  and beach areas o f the study area. To 
help id e n tify  pu ta tive  fathers o f o ffspring o f females 
w ith in  the  study site, we recorded all observed copu la tion  
attem pts and successful copulations fo r the  35 females, 
n o tin g  id e n tifica tio n  and status o f the  male (tenured or 
transien t and consort or nonconsort), and loca tion  w ith  
respect to  the shoreline.

In  1995, we collected skin samples fro m  all 35 females 
and th e ir associated males. However, in  1996, we fa iled to 
f in d  the  30 radiotagged females, so we could  n o t sample 
the ir pups th a t were sired in  1995. We d id  relocate the 
five branded females and the ir pups in  1996. Subsequent 
experim enta tion  w ith  p lacing the radiotags on several 
branded females revealed th a t the  fa ilu re  to  relocate the 
radiotagged females was like ly  the result o f radiotags 
being lost at sea.

Outside the Behaviour Study Site

For p a te rn ity  analyses, we selected an add itiona l 21 
branded females located outside b u t in  p ro x im ity  to  the 
study grid  because our m e thod  o f radiotagging had n o t 
been used p rio r to  th is  study and we were uncerta in  as to 
how  m any o f the  30 radiotagged females w ou ld  be re lo ­
cated in  1996. We collected m in im a l behavioura l data 
and skin samples fro m  these 21 branded females and the ir 
associated males (N= 38). The age o f branded females 
ranged from  6 to 25 years. The females outside the 
behaviour study site were classified according to  the ir 
loca tion  w ith  respect to  the  shoreline, as were those in  
the behaviour study site (see previous section). Females 
were v is ited  b rie fly  each day to  determ ine w hether the ir 
nearest male was the same as the  previous day. For easy 
id e n tifica tio n  from  day to  day, we pa in t-m arked nearest- 
ne ighbour males using a brush attached to a long  pole. As 
no ted above, males were considered a female's consort i f  
they  were in  attendance o f her on  at least 2 consecutive 
days. N ineteen o f the 21 branded females outside the 
behaviour site were relocated in  1996 and the ir pups sired 
in  1995 were sampled fo r p a te rn ity  analyses. In  to ta l, fo r 
pa te rn ity  analyses, we obta ined samples fro m  pups o f the 
24 branded females relocated in  1996 (five from  w ith in  
the behaviour site in  1995 and 19 fro m  outside it).

We sampled males rem ote ly by  using a m etal pole w ith  
a b iopsy punch  fastened to  the  end to  remove a small 
piece o f skin. This technique m in im ize d  disturbance in  
the colony, as capturing large males can be d isruptive and 
cause males to  abandon th e ir positions.

Statistical analyses were perform ed w ith  SYSTAT ver­
sion 5.0 and SAS version 6.12. G tests were perform ed 
using the Yates' correction w hen sample sizes were small 
(Sokal &  R oh lf 1981). Sample means are given w ith  
standard errors unless otherwise noted.

DNA Analysis

We stored skin samples in  20% DMSO, 0.25 M  EDTA in  
a saturated NaCl so lu tion  (Seutin et al. 1991) at -  20°C.
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Table 1. Allele frequencies from  95 individuals calculated using Genepop version 1.2 (Raymond & Rousseti 1995) 
for seven microsatellite loci

Allele Allele Allele

Locus Size Frequency Locus Size Frequency Locus Size Frequency

Hg 8.10 185 0.010 Pv 9 162 0.170 Hg 4.2 149 0.425
187 0.311 164 0.450 151 0.220
189 0.423 166 0.060 153 0.165
191 0.148 170 0.320 155 0.015
193 0.107 157 0.135

159 0.040

Hg 6.3 217 0.010 Pv 11 158 0.010 Hg 8.9 199 0.105
219 0.025 160 0.020 201 0.015
221 0.155 162 0.046 205 0.010
223 0.170 164 0.388 207 0.040
225 0.045 166 0.393 209 0.430
227 0.425 168 0.077 211 0.210
229 0.160 170 0.036 213 0.145
231 0.010 172 0.031 215 0.045

Hg 3.6 86 0.084
92 0.011
94 0.063
96 0.058
98 0.279

100 0.221
102 0.284

G enom ic DNA was digested w ith  50 p i o f 10-m g/m l 
Proteinase K and 2 m l o f lysis bu ffe r (1 M  Tris, 0.5 M  
EDTA, 10% SDS, 5 M  NaCl) placed in  a water bath  
overn igh t at 55°C. A standard p h e n o l/ch lo ro fo rm  extrac­
tio n  and sa lt/e thanol p rec ip ita tion  was used to  isolate the 
DNA (Amos et al. 1991).

Isolated DNA was d ilu ted  to  50 ng /p l fo r the p o ly ­
merase chain  reaction (PCR) a m p lifica tion  o f m icrosate l­
lites. We am p lified  seven hypervariable m icrosatellites 
developed fo r eastern A tlan tic  grey seals and harbour 
seals, Phoca vitu lina  (A llen et al. 1995), fo r the pa te rn ity  
analysis. We conducted p re lim in a ry  analysis using these 
six m icrosatellites on 50 grey seal males at the  M olecular 
Genetics Laboratory at Cambridge U n ive rs ity  fo llo w in g  
the p ro toco l o f A llen  et al. (1995). We analysed the 
rem ainder o f the samples at the M olecu lar Genetics 
Laboratory at the N a tiona l Zoological Park, Sm ithsonian 
In s titu tio n , adding an add itiona l m icrosate llite  locus to 
all seals. A ll 24 m o th e r-p u p  pairs from  1995 and 1996 
and 77 males were am p lified  using 35S-dATP instead of 
32P-dCTP (m od ified  fro m  Strassmann et al. 1997).

Lor v isua liza tion  o f the  m icrosatellites, we loaded 4 pi 
o f the  35S-labelled PCR product on  a 6% denaturing 
polyacrylam ide gel and then  exposed i t  to  au torad io­
graph f i lm  fo r 3 -14  days (fo llo w in g  protocols in  
Sambrook et al. 1989). M 1 3 m p l8  size marker labelled 
w ith  35S-dATP was run  alongside the  m icrosatellites fo r 
comparison.

Paternity Exclusion

We scored a ll 24 m o the r-o ffsp ring  pairs and males at 
seven m icrosate llite  loci. Population allele frequencies fo r

each locus (Table 1) and dev ia tion  from  H ardy-W einberg 
e q u ilib riu m  were calculated using Genepop version 1.2 
(Raymond &  Rousset 1995). In  one case, the  pup d id  n o t 
m atch  the  m other's  genotype fo r e ither allele at tw o  loci. 
Because fostering is know n  to  occur among grey seals on 
Sable Island (Perry et al. 1998), we assumed th a t the pup 
was n o t hers and the lack o f co m p a tib ility  between the 
tw o  was n o t a result o f a m u ta tion . This pa ir was excluded 
fro m  the pa te rn ity  analysis. I f  a consort male d id  n o t have 
the  paternal allele at any one locus, we excluded h im  as 
the  po ten tia l father. The p ro b a b ility  o f exc lud ing a ran­
do m ly  chosen male from  the p opu la tion  was calculated 
fo r each pup using p ro b a b ility  o f exclusion equations 
fro m  W eir (1990) and C hakravarti &  Li (1983). The 
p ro b a b ility  o f exclusion fo r each locus, assuming H ardy- 
W einberg equ ilib rium , was calculated fo llo w in g  the 
equation in  Selvin (1980), and the  p ro b a b ility  over a ll loci 
according to  C hakraborty et al. (1988). In  add ition , we 
used K insh ip  version 1.2 (G oodn igh t et al. 1997) to test 
fu rthe r the power to  exclude puta tive  fathers th a t were 
n o t excluded by  the m e thod  described above. We deter­
m ined  the m ost like ly  fa ther w hen one or m ore males 
cou ld  n o t be excluded using m ax im um  like lih o o d  ratios 
calculated w ith  K insh ip  version 1.2.

RESULTS  

Paternity Analysis and Behaviour

O f the 23 branded females th a t could be inc luded  in  the 
p a te rn ity  analysis, all consort males were excluded as the 
fa ther in  10 cases (43%) based on m a tch ing  the pups' 
genotypes to  the pu ta tive  fathers' genotypes. The mean
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Table 2. The number of alleles, per cent heterozygosity and Hardy-Weinberg equilibrium  probabilities for seven 
microsatellite loci and the probability of exclusion P(ex) for each locus

Locus
Number of 

alleles
%Observed

heterozygosity

Hardy-Weinberg
equilibrium
probabilities

Probability of 
exclusion 

p
’  ex

Hg 8.10 5 69.0 0.57 0.550
Hg 6.3 8 81.0 0.98 0.520
Hg 4.2 6 72.0 0.42 0.490
Hg 8.9 8 78.0 0.71 0.520
Pv 9 4 64.0 0.31 0.390
Pv 11 8 76.5 0.99 0.470
Hg 3.6 
Combined

7 75.0 0.08 0.570

p'  ex NA NA NA 0.993

Per cent heterozygosity and Hardy-Weinberg equilibrium  were calculated using Genepop version 1.2 (Raymond & 
Rousseti 1995).

±  SE p ro b a b ility  o f exclusion calculated fo r each pup 
across all loc i was 0.982 ±0 .005 . The p ro b a b ility  of 
exclusion fo r each locus based on allele frequencies in  the 
p opu la tion  are shown in  Table 2. Our exclusion 
p ro b a b ility  over all loc i was 0.993 (Table 2).

In  a ll 13 cases o f females judged to  have been fe rtilized  
by  the ir consort males using the above m ethod, the 
consort male was also n o t excluded as the father at 
P<0.05 using the  m ax im um  like lih o o d  ratios from  
K insh ip  version 1.2. In  n ine  cases, the consort male was 
the  m ost like ly  fa ther w ith  the  greatest m ax im um  lik e li­
hood  ratio . In  each o f the  other fou r cases, there was one 
other male th a t cou ld  n o t be excluded as the father, 
however, the  locations o f these males made i t  less like ly  
th a t they  were the father than  the consort males. These 
males were n o t observed near the female du ring  her 
receptive period.

We used a log is tic  regression analysis to  consider the 
possible effects o f female age, female loca tion  and the 
leng th  o f association o f the consort male on ECFs. Female 
loca tion  was defined as e ither beach or in la n d  based on 
the  criteria  described in  the Methods. We considered 
females less than  9 years o f age as 'young ' and females 
greater than  or equal to  9 years as 'o ld '. We chose these 
classes because other p inn ip e d  studies have shown tha t 
female age effects are n o t linear b u t rather the  greatest 
differences occur between females th a t have had o n ly  a 
few years (2-4) o f breeding experience and older females. 
The youngest grey seal females to  breed are 4-year-olds 
and a ll have bred fo r the  firs t tim e  b y  8 years. Some 
females are s till breeding at age 32 (personal observation).

The results from  the  log istic  regression (CF=0.64+3.43 
(location) -  2.12 (age) -  0.19 (consortship dura tion)) sug­
gest th a t female loca tion  affects the like lih o o d  th a t a 
female w il l  be fe rtilized  by  her consort male (P<0.02). 
However, th is  result was in  the  opposite d irection  than 
th a t expected, w ith  in la n d  females hav ing  a h igher rate of 
ECFs (70%, N =10) than  beach females (23%, N =  13). The 
results o f female age fP=0.11) and du ra tion  o f consortship 
(P= 0.36) were n o t s ign ificant. A lthough  female age was 
n o t s ign ificant, the lo w  power, g iven the small sample 
size, and the re la tive ly  low  P value suggest th a t fu rthe r

research on female age and ECFs is needed. The n o n ­
s ign ifican t tendency was fo r m ore ECFs among younger 
females. We perform ed un ivaria te  analyses on the effect 
o f female loca tion  and age on the rate o f ECFs and the 
results were s im ilar to  the log istic  regression (Fisher's 
exact: P= 0.04 and P= 0.34, respectively).

Behaviour within the Defined Study Site

Census data
As we d id  n o t relocate the radiotagged females from  

1995, we were unable to  use the m ore detailed behav­
iou ra l data from  the study g rid  to examine possible 
correlations between behaviour and ECFs. However, we 
can use these data to  investigate fu rthe r the apparent 
corre la tion between female loca tion  and ECFs reported 
above. There was a steady decline over the breeding 
season in  the density o f females located b o th  in la n d  and 
on the beach. The decline in  female density resulted from  
m ore females leaving the site, hav ing  fin ished  lacta tion, 
than  were a rriv ing  to  give b irth . Both in la n d  and beach 
areas had a re la tive ly  constant density o f males th ro u g h ­
ou t the season (Fig. 1). The mean density o f females 
on the beach was s ign ifican tly  less than  in la n d  (3.6 ±  
0.58 versus 7.5 ±  1.32 females/1000 m 2, JV1 = 17, N 2=17; 
W ilcoxon  signed-ranks test: Z=3.575, P<0.001). The 
mean density o f males on the beach was s ign ifican tly  
h igher than  in la n d  (4.0 ±  0.41 versus 2.9 ±  0.36 males/ 
1000 m 2, 1V1 = 17, N 2=17; W ilco xo n  signed-ranks test: 
Z=3.626, P<0.001). Females located in  the beach area 
were exposed to  m ore transien t males than  in la n d  
females (42.5 ± 5 .9 7  versus 26.2 ± 4 .1 6  males, N 1= 17, 
N 2=17; t test: t32 = 2.24, P= 0.03). The mean num ber o f 
females per male (bo th  tenured and transient) was 
0.9 ±  0.17 on the beach and 2.6 ±  0.42 in la n d  (com bined 
m ean=1.8 ±  0.3). This difference appears to  be due to 
b o th  the  greater abundance o f transien t males along 
the beach and the h igher density o f females in land . 
The mean num ber o f females per tenured male was 
s ign ifican tly  h igher in la n d  than  on the beach (Fig. 2).

Despite the h igher density o f males on  the  beach and
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Figure 1. Density of males and females inland and on the beach 
during 14-31 January 1995.

the greater relative abundance o f transien t males, rates of 
male aggression d id  n o t vary between sites. The mean 
num ber o f aggressive bou ts /h  fo r in la n d  males was 
4.9 ± 0 .7  (N= 15 sam pling periods) compared w ith
5.4 ±  0.6 (N=  15 sam pling periods) fo r males on the  beach 
(t test: t28=0.61, P= 0.5).

Female movement patterns 
Female m ovem ent m ig h t attract nearby males and thus 

m ig h t lead to  a h igher p ro b a b ility  o f nonconsort matings. 
We exam ined female m ovem ent in  re la tion  to  lo ­
cation and fo u n d  no s ign ifican t effect o f loca tion  fo r 
e ither between-day (beach: 5.0 ±  0.72 m, N =10; in land :
4.5 ±  0.32 m, N =21; t test: £29=0.75, P= 0.45) or w ith in -  
day m ovem ent patterns (beach: 1.5 ±  0.16 m, N = l l ;  
in land : 1.6 ±  0.11 m , N =21; t test: t30= 0.26, P= 0.8).

Male-female consortshlps 
I f  females are m a ting  selectively, tw o possible factors 

they m ig h t use are the am oun t o f tim e  a male spends 
w ith  a female or how  closely he defends her. As locations 
o f anim als w ith in  the study grid  were recorded five  to  six 
times each day, we could  determ ine consortships based 
on m ale-fem ale associations and calculate tu rnover rates 
o f consort males. We fo u n d  no s ign ifican t difference in
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Figure 2. Female-to-tenured-male sex ratio w ith in  the defined 
study site during 14-31 January 1995 (X±SE: inland = 3.3±0.53; 
beach = 1 .4±0 .17, W ilcoxon signed-ranks test: Z=3.13, Nq=17, 
N2 = 1 7, P= 0.002).

mean distances between a female and her nearest male fo r 
beach and in la n d  females (2.2 ±  0.3 m , N=10, versus
2.5 ±  0.3 m , N =21; ttes t: £22=0.79, P =0.43). S im ilarly, the 
mean consortship du ra tion  fo r in la n d  and beach females 
d id  n o t d iffe r s ign ifican tly  (5.8 ±  0.54 days, N =10 versus
4.5 ±  0.48 days, N=  22; ttes t: t30= 1.47, P=0.15). The mean 
tu rnover rate o f consort males o f in la n d  and beach 
females d id  n o t d iffe r (0.2 ±  0.09 males/ day, N =10 versus 
0.2 ± 0 .0 7  males/day, N =  22; tte s t: t20 = 0.23, P= 0.82).

Copulation behaviour

Fifty-three un in te rrup ted  copulations were observed 
in v o lv in g  26 o f the 35 females w ith in  the study grid. 
Observations were conducted o n ly  du ring  day ligh t and, 
therefore, undoub ted ly  some successful and attem pted 
m ounts were missed. Females observed copu la ting  had a 
mean o f 2.0 un in te rrup ted  copulations (range 1-7) w ith  a 
mean o f 1.7 d iffe ren t males (range 1-5) and 2.3 attem pted 
copulations (range 1-6). The firs t observed attem pted 
copu la tion  fo r females th a t had n o t been observed copu­
la tin g  previously (N= 17) was 5 days p rio r to  weaning. The 
firs t recorded copu la tion  fo r all females (N=  26) was 2.5 
days p rio r to  weaning.

No s ign ifican t difference was found  in  the num ber 
o f attem pted copulations by  consort and nonconsort 
males w ith  regard to  loca tion  (Gadj=0.007, df=  1, P= 0.93, 
Table 3). N or was there a s ign ifican t difference in  the 
frequency th a t beach females were m ounted  by  tra n ­
sient males compared to  tenured, nonconsort males 
(Gadj = 1.54, df=  1, P=0.21). Beach and in la n d  females 
showed no difference in  the  num ber o f copulations by 
consort and nonconsort males (Gadj=0.003, df=  1, P= 0.96) 
or in  the num ber o f extraconsort copulations (ECCs) by 
tenured males and transien t males (Gadj = 0.16, df=  1, 
P= 0.68). The rates o f ECCs are consistent w ith  the results 
o f the p a te rn ity  analysis; beach and in la n d  females 
com bined had a rate o f 37.7% ECCs (cf. 43% ECFs).
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Table 3. A ttem pted and successful copulations for females in rela­
tion to  female location for both consort and nonconsort males

Nonconsort males

Consort Tenured Transient
males males males

Copulation attempts
Inland females 1 8 (56.3) 7 (21 .8 ) 7 (21 .8 )
Beach females 1 7 (60.7) 2 (7.1) 9 (32 .1 )

Successful copulations
Inland females 22(61 .1 ) 10(27 .8 ) 4 (1 1 .1 )
Beach females 11 (64.7) 3 (1 7.6) 3 (1 7.6)

Numbers in parentheses represent percentages of total successful 
and attempted copulations for females in each location.

D I S C U S S IO N  

Comparisons with Another Colony

The rate o f ECFs (43%) among grey seals at Sable Island 
is consistent w ith  results fro m  a sim ila r study at N o rth  
Rona, where 36% o f fe rtiliza tions  were by  nonconsort 
males (Amos et al. 1993, 1995). In  b o th  studies, consort 
males were n o t responsible fo r s iring as m any pups of 
focal females as was expected based on th e ir behavioural 
status (cf. Anderson et al. 1975; Boness &  James 1979; 
Anderson &  Fedak 1985). The s im ila rly  h igh  levels of 
ECFs at b o th  colonies suggest th a t the  level o f po lygyny  
in  th is  species based on behavioural measures o f copula­
tions or attendance patterns are probab ly overestimates.

A lthough  i t  has been suggested th a t habita t, topogra­
p h y  and co lony  structure influences the degree of 
behavioural po lygyny  in  p inn ipeds (Bartholom ew  1970; 
S tirling  1983; Anderson &  H arwood 1985; Boness 1991; 
Le Boeuf 1991), the extent to  w h ich  these factors affect 
the  like lih o o d  o f ECFs or w h ich  males account fo r these 
extraconsort patern ities is n o t know n. The s im ila rity  in  
levels o f ECF between Sable Island and N o rth  Rona, 
w h ich  d iffe r substantia lly  in  topography and co lony 
structure, suggest th a t these features are re la tive ly  u n ­
im p o rta n t w ith in  the range o f va ria tion  seen. Females are 
less clustered at Sable Island and a single male has fewer 
females to  defend access to  at any p o in t in  tim e  (Boness &  
James 1979; Anderson &  Fedak 1985; th is  study). H ow ­
ever, considerably more transien t males roam  th roughou t 
the  co lony  at Sable Island compared w ith  N o rth  Rona. 
This is probab ly due to  the unrestricted access to  in la n d  
areas prov ided b y  the extensive beach at Sable, whereas 
N o rth  Rona has few access po in ts  to the  m a in  breeding 
co lony  th rough  gullies (Boness &  James 1979; Amos et al. 
1993, 1995).

I t  has been suggested fo r co lon ia l avian species tha t 
once breeding densities reach the level at w h ich  m ost 
breeding ind iv idua ls  are surrounded by neighbours, 
fu rthe r increases in  densities o f anim als w il l  n o t lead to 
h igher levels o f ECF (Westneat et al. 1990). This m ay be 
the  case fo r grey seals.

Amos et al. (1993, 1995) fo u n d  th a t ECFs could n o t be 
accounted fo r by  established males on the top  o f the 
island, suggesting these females are fe rtilized  by  males

either in  the  gullies th rough  w h ich  they  m ust travel to  get 
to  sea, or in  the water after they  have departed. O n Sable 
Island, however, females were observed to mate w ith  
b o th  nonconsort tenured males and transien t males as 
they  were leaving or w h ile  they  were s till nursing the ir 
pups (Boness &  James 1979; th is  study). Thus, b o th  
transien t males and tenured males m ay account fo r ECFs 
at Sable Island. U n fo rtuna te ly , as we were unable to 
relocate females from  the study grid  fo r w h ich  we had 
detailed behavioural data, we cannot evaluate the extent 
to  w h ich  transien t males accounted fo r ECFs at Sable 
Island. The lack o f h igher levels o f ECF by  females on the 
beach, where m ore transien t males occur, m ig h t suggest 
the m a jo rity  o f ECFs at Sable Island were by  ne ighbour­
ing  tenured males. This w ou ld  be consistent w ith  the 
in fo rm a tio n  on ECCs (Boness &  James 1979; th is  study).

Location and Age Effects
There are tw o possible explanations fo r the greater rate of 

ECFs by in land  females. First, the greater ra tio  o f females to 
tenured males in  in land  areas provides a greater oppor­
tu n ity  fo r nonconsort males to obta in  copulations and 
secondly, in land  females must travel fu rthe r to  reach the 
ocean. Copulations obtained by nearby tenured males or 
transient males may occur w hen the consort male is copu­
la ting  w ith  another receptive female, or is otherwise occu­
pied defending his females from  in tru d in g  males. A lthough 
we did n o t collect data tha t w ou ld  a llow  us to determine 
w h ich  ECCs occurred w h ile  the consort male was preoccu­
pied, i t  is plausible tha t these ECCs w ou ld  occur more often 
in  situations where males are guarding more females. Re­
sults from  the few females fo r w h ich  we have genetic and 
behaviour data suggest tha t th is may occur. In  each o f the 
three cases, we were unable to  exclude the neighbouring 
tenured male as the father.

C oncern ing the second exp lanation fo r h igher ECFs by 
in la n d  females, as females depart the  co lony after wean­
ing  the ir pup, they  are often approached by  males (Boness 
&  James 1979; Boness et al. 1982). D epending on how  
and where a female travels, she m ay attract upwards 
o f 10-20 ne ighbouring  tenured and transien t males. 
A lthough  we do n o t have the  data on the p ro p o rtion  of 
ECFs or ECCs th a t occur du ring  departure, i t  is reasonable 
to  expect th a t females trave lling  greater distances to  reach 
the water w il l  a ttract m ore a tten tion  than  those females 
near the shoreline.

Female age and experience are know n  to be factors in  
aspects o f the reproductive behaviour and success of 
females in  a va rie ty  o f species (Reiter et al. 1981; A fton  
1985; M o rto n  et al. 1990; G ow aty &  Bridges 1991; Bowen 
et al. 1994). We were unable to  detect a s ign ifican t age 
effect. However, g iven the  low  p ro b a b ility  o f significance 
CP=0.11), despite the lack o f power to detect an age effect, 
we suggest fu rthe r research in  th is  d irection  is warranted 
to  fo llo w  up on the  weak tendency fo r younger females to 
have h igher rates o f ECFs.

Possible Benefits to Females

We d id  n o t set ou t d irec tly  to  test the possible ben­
efits o f ECFs to females. Nevertheless, our results, in
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co n junc tion  w ith  p rio r studies o f the reproductive behav­
iou r o f grey seals, provide some insights in to  w hether 
female grey seals m ig h t be ga in ing  benefits. Hypotheses 
concerned w ith  m ateria l or im m ediate  benefits (e.g. 
increased food  resources: C ro n in  &  Sherman 1976; Gray 
1997b; increased paternal care o f young: Burke et al. 
1989; Birkhead &  M ö lle r 1992; W agner et al. 1996) w o u ld  
n o t app ly to  grey seals because females fast th ro u g h o u t 
the breeding period and there is no evidence to  suggest 
th a t males in  any w ay con tribu te  to  the care o f offspring. 
However, i t  is possible th a t female grey seals m ig h t gain 
genetica lly fro m  ECFs.

O f the three hypotheses m ost o ften cited to  expla in 
how  ECFs m ig h t p rovide females w ith  genetic benefits 
(i.e. being fe rtilized  by  a male w ith  a h igher genetic 
qua lity , m ax im iz ing  genetic d ivers ity  among offspring, 
and ensuring th a t eggs are fe rtilized; W estneat et al. 1990; 
B irkhead &  M ö lle r 1992; L ifje ld  1994; Gray 1997a), m a x i­
m iz ing  genetic d ivers ity  can be excluded because grey seal 
females, like  a ll p innipeds, give b ir th  to  o n ly  a single 
o ffspring each breeding event. O ur data seem incons is t­
ent w ith  the other tw o  hypotheses. We see no reason w h y  
females located on the beach should  be less like ly  to  seek 
ECFs than  those in la n d  i f  females were e ither a ttem pting  
to ensure fe rtiliza tio n  by  m a ting  w ith  m u ltip le  males or 
try in g  to  be fe rtilized  by  a genetica lly better mate. Also, i f  
females seek ECFs to  im prove the genetic q u a lity  o f the ir 
mate, we m ig h t have expected to fin d  a negative re la tio n ­
ship between ECFs and leng th  o f tim e  the consort male 
had been in  attendance o f the female. However, i f  females 
were able to  assess male q u a lity  rap id ly , then  leng th  of 
tenure m ig h t n o t be expected to  be a factor. I f  there were 
an age (or experience) com ponent to  ga in ing  genetic 
benefits, we w o u ld  expect older females to  have h igher 
rates o f ECFs. A lthough  we can make no conclusive cla im  
based on our analysis o f age, because o f the lo w  statistical 
power, we fo u n d  no s ign ifican t d ifference between the 
rates o f younger and older females and the s ligh t d iffe r­
ence th a t existed was the  opposite o f w ha t was expected.

W h ile  m ore targeted studies are clearly needed, i t  seems 
m ost like ly  th a t ECFs in  grey seal females at Sable Island 
are a p roduct o f e ither forced copulations by aggressive 
and h ig h ly  sexually m otiva ted  males and/or a result o f 
females subm itting  to  copu la tion  attem pts to  avoid 
in ju ry  (see M esnick &  LeBoeuf 1991). This best fits  the 
f in d in g  o f in la n d  females hav ing  a h igher rate o f ECF 
than  beach females.
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