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Social segregation is not a consequence of habitat segregation in
red deer and feral soay sheep
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In many sexually dimorphic mammals, adults tend to form single-sex groups (‘social segregation’). It has
been assumed that social segregation is simply a by-product of sex differences in habitat use (‘habitat
segregation’). I tested this assumption on red deer, Cervus elaphus, and feral soay sheep, Ovis aries, using
data on group composition, habitat use and space use collected on the Scottish islands of Rum
(1974–1993) and Hirta (1985–1994), respectively. If social segregation had been a by-product of habitat
segregation, then (1) social segregation should have been influenced by the same environmental
parameters that influence habitat segregation and (2) degree of social segregation should have equalled
(and in no case been larger than) degree of habitat segregation. However, I found that weather parameters
that influence habitat segregation did not influence social segregation in red deer and that degree of
social segregation was significantly larger than degree of habitat segregation in both species. I conclude
that social segregation is not a by-product of habitat segregation in either species, and discuss the
implications of this finding.
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In many sexually dimorphic mammal species, individuals
tend to group outside the mating season with others of
their own sex (Newsome 1980; Clutton-Brock et al. 1982;
Sukamar & Gadgil 1988; Kovacs et al. 1990; Boinski
1994). The sexes are then said to be ‘socially segregated’.
Social segregation is widespread and exists under a wide
variety of ecological conditions (e.g. Nievergelt 1981;
Clutton-Brock et al. 1982; Kovacs et al. 1990). Neverthe-
less, it has been poorly studied and its functional basis,
evolution and ecological consequences are, therefore,
unknown for the majority of species. Since social segre-
gation is often accompanied by sex differences in habitat
use (termed ‘habitat segregation’: Newsome 1980;
Clutton-Brock et al. 1982; Sukamar & Gadgil 1988), many
authors have either ignored social segregation as a separ-
ate, potentially independent phenomenon or assumed
that it is simply a by-product of habitat segregation (i.e.
the sexes are socially separated because they use different
habitats; e.g. Geist & Petocz 1977; Clutton-Brock et al.
1982; Miquelle et al. 1992). However, the relationship
between social and habitat segregation has not been
explicitly tested. Some authors have even failed to distin-
guish social from habitat segregation (see Main et al.
1996).
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Contrary to the hypothesis that social segregation is a
by-product of habitat segregation, Bon & Campan (1996)
observed that juvenile ungulates that were not yet segre-
gated with respect to habitat use nevertheless preferred
the social company of peers of the same sex. This suggests
that social segregation can develop independently of
habitat segregation. Other studies have reported anecdo-
tally that social segregation can occur in the absence of
habitat segregation (Jakimchuk et al. 1987; Prins 1987;
Dubois et al. 1993; Putman et al. 1993; J. Berger, personal
communication). However, until recently, no statistical
tool with which to measure the degree of social and
habitat segregation has existed, so that studies that have
attempted to investigate the relationship between social
and habitat segregation have suffered from statistical
problems (Cransac et al. 1998).

In a previous paper (Conradt 1998a), I suggested a new
method of quantifying the degree of social and habitat
segregation. Using this method, in the present study I
tested whether social segregation is a by-product of habi-
tat segregation in two species of wild ungulates, namely
red deer, Cervus elaphus L., and feral soay sheep, Ovis aries
L. In both species adults are socially segregated outside
the mating season and the sexes differ in habitat use
(Clutton-Brock et al. 1982, 1991; Stevenson 1994). I
predicted that if social segregation is (is not) a by-product
of habitat segregation, then (1) social segregation should
be (should not be) influenced by the same environmental
 1999 The Association for the Study of Animal Behaviour



1152 ANIMAL BEHAVIOUR, 57, 5
factors that influence habitat segregation; and (2) the
degree of social segregation should be equal to (should
be larger than) the degree of habitat segregation (for
rationale see Appendix; see also Conradt 1998a).

I tested prediction 1 on red deer by seeing whether
social segregation was influenced by environmental fac-
tors (specifically, wind speed and temperature) already
shown to influence habitat segregation (Conradt 1997;
L. Conradt & F. E. Guinness, unpublished data). I tested
prediction 2 on both red deer and soay sheep by quanti-
tatively comparing the degree of social and habitat
segregation in each species at different times of year.
METHODS
Census Data

Unpublished data on group composition (including
information on age and sex of individuals), habitat use
(in terms of vegetation communities) and space use (map
grid references) in red deer on Rum and feral soay sheep
on Hirta, St Kilda, Scotland, U.K. were provided by T. H.
Clutton-Brock, F. E. Guinness and J. Pemberton. These
data had been collected during regular censuses on foot of
the study sites on Rum (1974–1993, 5 censuses/month in
at least 9 months/year) and Hirta (1985–1994, 10 cen-
suses in spring, summer and autumn each year). Detailed
descriptions of the study sites, red deer and soay sheep
populations and censusing methods are given in Clutton-
Brock et al. (1982, 1991). The data enabled me to test
prediction 1 for red deer (available data on soay sheep did
not suffice to test this prediction) and prediction 2 for red
deer and soay sheep.
Degree of Social, Spatial and Habitat Segregation

To measure degree of social segregation, group mem-
bership had to be determined for individual animals. This
proved to be easy, since groups were distinctly separate
from each other (see Clutton-Brock et al. 1982). Habitat
segregation was based on vegetation communities (as
defined in Clutton-Brock et al. 1982), which differed in
forage and sheltering value to red deer and feral soay
sheep (Watson & Staines 1978; Clutton-Brock et al. 1982;
Gordon 1989; Conradt 1997), and are believed to reflect
habitat types from the point of view of deer and sheep on
Rum and Hirta, respectively (Clutton-Brock et al. 1982,
1991). However, since the definition of habitat types is
always somewhat subjective, I additionally measured
degree of spatial segregation. Spatial segregation is very
similar to habitat segregation insofar as it reflects sex
differences in the use of the physical environment
(Conradt 1997, 1998a), but spatial segregation is based
on a more objective criterion than habitat segregation
(namely, on spatial quadrats). The predicted relationships
between the degrees of social, spatial and habitat segre-
gation are as follows (for rationale see Appendix).
(1) If social segregation is a by-product of habitat segre-
gation, then degree of social segregation=degree of
spatial segregation=degree of habitat segregation; (2) if
social segregation is independent of habitat segregation,
then degree of social segregation>degree of spatial
segregation>degree of habitat segregation.

I calculated the degrees of social segregation (based on
group membership), spatial segregation (based on quad-
rats of 100#100 m, 200#200 m, 500#500 m and
1000#1000 m) and habitat segregation (based on vege-
tation communities) in each species, using a segregation
coefficient (SC; Conradt 1998a) in a slightly modified
form:

where N=total number of animals (males+females),
X=total number of males, Y=total number of females,
ni=number of males+females in ith group/spatial
quadrat/habitat type, xi=number of males in ith group/
spatial quadrat/habitat type, yi=number of females in ith
group/spatial quadrat/habitat type.

This measure ranges from 0 (‘no segregation’) to 1
(‘complete segregation’). By modifying the formula, I
avoided Conradt’s (1998a) binomial approximation and
calculated a more precise value. Also, since it is known
that in red deer and soay sheep the sexes segregate, there
was no danger that the segregation coefficient could take
a negative value, and I could use the geometric mean of
the proportion of males and females that segregate rather
than the squared value given by Conradt (1998a). Segre-
gation was measured for each census day, between adult
males (5 or more years in deer; 2 or more years in soay
sheep) and females (2 or more years) on days with a
minimum sample size of 60 animals. Subadult animals
were excluded from the analysis, since social and habitat
segregation are not fully developed in young animals
(Clutton-Brock et al. 1982). In total 525 census days for
red deer and 111 census days for soay sheep could be
included in the analysis.

The minimum spatial resolution of the data was
100#100 m. This is small relative to the spatial scale of
vegetation communities in the present study, the spatial
heterogeneity in standing crop and forage quality and the
area occupied by social groups (Clutton-Brock et al. 1982,
1987; Conradt 1997), and has in the past been considered
an adequate resolution for the study of sex differences in
habitat use (Clutton-Brock et al. 1982, 1991, 1997). How-
ever, since it is theoretically possible that spatial patches
smaller than 100#100 m (i.e. microhabitats) differ in
habitat quality for the sexes and could cause microhabitat
segregation on a small spatial scale, I investigated this
possibility. I predicted that (1) if sex differences in
microhabitat use are responsible for smallscale spatial
segregation, then degree of spatial segregation should be
independent of the number of censuses used for measure-
ment; while (2) if social segregation is responsible for
smallscale spatial segregation, then degree of spatial seg-
regation should decline with increasing number of cen-
suses used for measurement. The rationale for this is as
follows. (1) If sex differences in microhabitat use are
responsible for smallscale spatial segregation, spatial
heterogeneity should be the same between consecutive
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censuses, since spatial patches cannot move. Therefore,
the measured degree of spatial segregation should not be
influenced by pooling data from consecutive censuses.
This prediction should hold at all spatial scales. (2) If
social segregation is responsible for smallscale spatial
segregation, groups move around and, if there are no sex
differences in microhabitat preferences, the sexes do so
independently of smallscale spatial heterogeneity. As a
result, on one day a male group, and on another a female
group, might be at a particular site. Therefore, the more
consecutive censuses one pools to measure degree of
spatial segregation, the smaller the degree of spatial seg-
regation would become. The temporal resolution of the
data allowed me to test these predictions in red deer:
I compared the degree of 100#100-m spatial segregation
measured over different periods by pooling consecu-
tive censuses (1, 5, 10 and 20 censuses, respectively;
5 censusesz1 month).
Statistics, Prediction 1

Conradt (1997) and Conradt & Guinness (unpublished
data) have shown that for red deer on Rum, habitat
segregation could be explained by sex differences in
weather sensitivity and that degree of habitat segregation
was significantly influenced by wind speed and tem-
perature in winter and spring. To test the prediction
that social segregation is/is not influenced by the same
environmental parameters as habitat segregation, I inves-
tigated the influence of wind speed and temperature on
degree of social segregation in the same population of red
deer. I used exactly the same method as Conradt (1997)
and Conradt & Guinness (unpublished data), namely
multiple linear regression models (using Genstat 5.3) and
a standard procedure for large models. Other environ-
mental parameters (other factors that influence sheltering
behaviour and also forage plant growth: wind direction,
rain on census day, monthly rainfall and days of ground
frost; and factors that affect foraging competition: stand-
ing crop of forage plants, population density, hind and
stag density and sex ratio) did not influence degree of
habitat segregation (Conradt 1997). Nevertheless, I also
tested the influence of these parameters on degree of
social segregation. These parameters include all environ-
mental parameters that have been shown to influence
condition, reproduction and survival of red deer on Rum
(Clutton-Brock et al. 1982; Clutton-Brock & Albon 1989).
To keep the number of parameter interactions within
reasonable limits (see Conradt 1997), for this part of the
analysis months were grouped into seasons (November–
Aprilzwinter/spring; May–Octoberzsummer/autumn;
analogous to Conradt 1997), and the influence of par-
ameters on degree of social segregation was investigated
separately for different seasons.
Statistics, Prediction 2

Parametric tests were used to compare the degree of
social segregation and the degree of spatial and habitat
segregation in red deer and soay sheep, after data had
been checked for deviations from normality.
RESULTS
Prediction 1

Degree of social segregation in red deer was not signifi-
cantly correlated with either wind speed or temperature
in winter/spring (Table 1), or with any of the other
specified weather parameters (Ps>0.05). Female density
was the only parameter tested that seemed to have a
significant effect on social segregation (Table 1): the
degree of social segregation in May to July (shortly before
and directly after parturition) increased in years with a
high female density.
Table 1. Results from a multiple linear regression model that regresses the degree of social segregation in red deer
on environmental parameters (see text)

Parameter Variance df F P

Percentage of
variance explained

by model

None 19.02 551
+Month 9.87 11 59.9 <0.001 51.9
Residual 9.15 540
+Density of females in May/June 0.23 2 7.0 0.001 53.0
Residual 8.91 538
Relevant nonsignificant parameters

+Wind speed 0.02 1 1.5 0.21 NS
Residual 7.89 494
+Temperature in winter/spring 0.02 1 1.1 0.29 NS
Residual 7.44 443

Only parameters with a significant influence (P<0.05) and parameters relevant to the comparison with habitat
segregation (i.e. wind speed and temperature in winter/spring) are shown.
Prediction 2

Outside the mating season, degree of social segregation
was very high in red deer and in feral soay sheep, and was
significantly larger, in both species, than degree of spatial



1154 ANIMAL BEHAVIOUR, 57, 5
or habitat segregation (see Fig. 1, Table 2). Thus, the sexes
were socially segregated within spatial quadrats and
within habitat types (Conradt 1998a).
Microhabitat versus Social Segregation

Degree of 100#100-m spatial segregation in red
deer declined significantly with increasing number of
pooled censuses (see Table 3). Thus, spatial segregation
on a small spatial scale was due to social (and not to
microhabitat) segregation.
D

1

0
J

Month

D
eg

re
e 

of
 s

eg
re

ga
ti

on

J

0.8

0.6

0.4

0.2

F M A M J A S NO

(a)

D

1

0
J J

0.8

0.6

0.4

0.2

F M A M J A S NO

(b)

Figure 1. Seasonal patterns of degree of social ( ), spatial ( : 200×200 m; : 500×500 m; : 1000×1000 m) and habitat ( ) segregation
in (a) red deer (N=20 years) and (b) feral soay sheep (N=10 years). The mating season is October in red deer and November in soay sheep.
To render the graph readable, the degree of 1000×1000-m spatial segregation in soay sheep is not shown.
Table 2. Pairwise comparisons (t tests) of degree of social segregation with degree of spatial segregation (at different spatial scales) and degree
of habitat segregation in different months (excluding the mating season)

Spatial segregation

Habitat segregation200×200 m 500×500 m 1000×1000 m

t df P t df P t df P t df P

Red deer
January 6.0 17 <0.001 7.8 17 <0.001 14.9 17 <0.001 27.4 17 <0.001
February 5.5 23 <0.001 10.6 23 <0.001 24.4 23 <0.001 37.0 23 <0.001
March 5.1 46 <0.001 10.4 46 <0.001 19.4 46 <0.001 35.0 46 <0.001
April 3.7 38 <0.001 11.0 38 <0.001 22.4 38 <0.001 30.2 38 <0.001
May 6.1 49 <0.001 15.0 49 <0.001 26.0 49 <0.001 43.1 49 <0.001
July 4.6 51 <0.001 11.2 51 <0.001 19.8 51 <0.001 28.3 51 <0.001
September 5.1 35 <0.001 11.6 35 <0.001 21.1 35 <0.001 24.9 35 <0.001
November 2.7 37 <0.01 4.4 37 <0.001 11.9 37 <0.001 14.3 37 <0.001

Feral soay sheep*
Spring (March–May) 18.4 47 <0.001 18.3 47 <0.001 18.9 47 <0.001 17.5 47 <0.001
Summer (July–October) 12.0 37 <0.001 15.7 37 <0.001 18.5 37 <0.001 16.8 37 <0.001

*Comparisons for sheep were done seasonally instead of monthly to increase sample sizes.
DISCUSSION

Social segregation was high in both red deer and soay
sheep outside the mating season. The same situation has
been reported anecdotally for other ungulate species (e.g.
ibex, Capra ibex: Nievergelt 1981; chamois, Rupicapra
rupicapra: Perez-Barbeira & Nores 1994; bighorn sheep,
Ovis canadensis: Geist & Petocz 1977; reindeer, Rangifer
tarandus: Cameron & Whitten 1979). However, the
present study is the first to provide quantitative values for
the degree of social segregation in any species, and does
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Table 3. Comparison of degree of 100×100-m spatial segregation in red deer measured over different periods

Number of
censuses

Number of censuses

5 10 20

t df P t df P t df P

1 18.8 147 <0.001 20.3 64 <0.001 22.7 34 <0.001
5 7.2 64 <0.001 11.6 34 <0.001

10 4.9 34 <0.01

Mean degree of spatial segregation was 0.87 for 1 census, 0.82 for 5, 0.80 for 10 and 0.76 for 20 censuses; data
from consecutive censuses were pooled. For details see text.
so for two ungulate species in which social segregation
has not previously been investigated.

The finding that social segregation in red deer was
independent of weather-related parameters that affect
habitat segregation in the same deer population (Conradt
1997; Conradt & Guinness 1997) suggests that social
segregation is independent of habitat segregation. The
only environmental parameter that influenced degree of
social segregation was female density: around the time of
parturition, social segregation decreased with decreasing
female density. However, since female density does not
influence habitat segregation (Conradt 1997), and since
the influence of female density on social segregation was
restricted to the time around parturition (when adult
females are relatively intolerant of conspecifics; Clutton-
Brock et al. 1982), it is more likely that female density
influenced social segregation for social reasons to do with
parturition than for reasons connected with environ-
mental conditions and habitat use. A possible expla-
nation could be that at times of low female density,
females that have not given birth are more prepared to
socialize with males since fewer other barren females are
available to form groups.

I also found that degree of social segregation was
significantly larger than degree of spatial and habitat
segregation in both red deer and feral soay sheep. There-
fore, social segregation cannot have been a by-product of
spatial or of habitat segregation in either species. This
result agrees with results of a recent study by Cransac
et al. (1998), who suggested that social segregation in
mouflon sheep, Ovis gmelini, was only weakly related to
habitat use. However, Cransac et al. (1998) relied strongly
on their definition of habitat types and did not investi-
gate spatial segregation. Clutton-Brock et al. (1987)
reported spatial segregation within habitat types but did
not relate their results to social segregation.

To ensure that there was no microhabitat segregation of
the sexes at spatial scales smaller than the minimum
spatial resolution of the data (100#100 m), I compared
degree of spatial segregation in red deer calculated on the
basis of different numbers of censuses. Degree of spatial
segregation decreased with the number of consecutive
censuses that were pooled for measurement. Since this
could be the case only if the spatial distribution of the
sexes changed from census to census in a manner inde-
pendently of potential sex differences in microhabitat
preferences, I conclude that the measured degree of
100#100-m spatial segregation was caused by social
segregation and not by microhabitat segregation. Further
support for this conclusion derives from the observation
that the degree of 100#100-m spatial segregation of deer
measured separately within each vegetation community
did not differ between vegetation communities (Conradt
1997). If spatial heterogeneity of microhabitat had been
important for segregation on small spatial scales, the
degree of 100#100-m spatial segregation should have
differed between vegetation communities, which differ
widely in heterogeneity (see Clutton-Brock et al. 1982,
1987, 1997). Finally, it is important to note that degree of
habitat segregation was based on vegetation communities
and measured independently of spatial quadrats. Thus,
any potential segregation caused by smallscale variation
in vegetation community cover would have contributed
to degree of habitat segregation and cannot explain why
degree of habitat segregation was so low relative to degree
of social segregation.

I conclude that social segregation in red deer and feral
soay sheep is not a by-product of habitat segregation.
Since red deer and feral soay sheep are typical segregating
ungulate species (Clutton-Brock et al. 1982; Stevenson
1994), the independence of social segregation from habi-
tat segregation is probably more widespread. This result
has important implications for the study of social and
habitat segregation, in the following respects.

First, if social segregation is not a by-product of habitat
segregation, the question arises as to what causes it.
Various potential causes of social segregation have been
suggested, including: (1) male avoidance of intermale
aggression caused by the presence of females (Prins 1987);
(2) female avoidance of male harassment (Wielgus &
Bunnell 1994); (3) optimization of social learning in
single-sex groups (Appleby 1982); (4) males leaving
groups in which they are conspicuous to predators (Geist
& Bromley 1978); and (5) sex differences in activity
rhythm (Conradt 1998b; Ruckstuhl 1998). However,
these suggestions remain untested.

Second, if social segregation occurs independently, it
follows that it can facilitate spatial and habitat segre-
gation. That is, if the sexes are already separated into
different groups (for reasons unrelated to habitat use),
then relatively minor sex differences in environ-
mental requirements could lead to spatial and habitat
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segregation (see Conradt 1997). It is thus no longer
necessary to find a single universal ecological mechanism
to explain the widespread phenomenon of spatial and
habitat segregation, as several studies have attempted to
do in the past for ungulates (e.g. Geist & Petocz 1977;
Clutton-Brock et al. 1987; Illius & Gordon 1987; Miquelle
et al. 1992).

Third, if social segregation is independent of, and so
can facilitate, habitat segregation, its causes become rel-
evant to an understanding of those of habitat segre-
gation. That is, the question of why the sexes segregate
socially may be as relevant to understanding the evol-
ution of habitat segregation as are its proximate environ-
mental causes. The study of sex differences in habitat use
should, therefore, take social segregation into account as
a potential contributory factor.
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Appendix

Degree of habitat segregation is the degree of sexual
segregation between habitats. (1) If social segregation is
simply a by-product of habitat segregation, then individ-
uals socialize randomly with other individuals they meet
within the same habitat. Therefore, sexual segregation
between habitats leads to social segregation of the sexes:
degree of social segregation=degree of sexual segregation
between habitats. Since different habitats occupy differ-
ent spatial quadrats, habitat segregation also results in
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spatial segregation of the sexes: degree of spatial
segregation=degree of sexual segregation between habi-
tats. Therefore: degree of social segregation=degree of
spatial segregation=degree of habitat segregation. (2) If
social segregation occurs independently of (and in
addition to) habitat segregation, then again, individuals
can socialize only with individuals they meet within the
same habitat. However, now individuals do not socialize
randomly with whomever they meet, but prefer to social-
ize with same-sex individuals. This leads to sexual segre-
gation within habitats in addition to segregation between
habitats: degree of social segregation=degree of sexual
segregation between habitats+degree of sexual segre-
gation within habitats. Since not only habitats but also
social groups occupy different spatial quadrats, spatial
segregation is now a product of habitat and of social
segregation. At very small spatial scales, spatial segre-
gation approximately equals degree of social segregation.
If the spatial scale increases, more male and female
groups fall within the same spatial quadrats, and degree
of spatial segregation decreases until it reaches degree of
habitat segregation: degree of social segregation>degree
of spatial segregation>degree of habitat segregation.
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