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Abstract

Inter-sexual segregation between habitats or between sites within a habitat is very widespread in sexually

dimorphic ungulates. As an explanation, it has been suggested that males, because of their larger forage

requirements, are driven from preferred, high quality forage habitats into marginal habitats of lower

forage quality but higher forage biomass by female competition (`indirect competition hypothesis').

However, this hypothesis has hardly been tested. In the present study, we tested the indirect competition

hypothesis for site segregation of red deer on the Isle of Rum, Scotland, within two vegetation

communities: short Agrostis /Festuca grassland and Calluna heath. We predicted that: (1) males should

choose sites within each vegetation community that are of higher forage biomass but lower forage quality,

than sites selected by females; (2) the degree of inter-sexual site segregation should be highest within the

vegetation community in which indirect competition was most intense. We found that the sexes were

signi®cantly segregated between sites within both vegetation communities, but males did not use sites of

lower forage quality or of higher forage biomass than did females. Moreover, degree of site segregation

was not signi®cantly higher in the vegetation community in which competition was more intense (i.e. short

Agrostis /Festuca grassland). We conclude that the indirect competition hypothesis cannot explain site

segregation in red deer on the Isle of Rum.
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INTRODUCTION

In many sexually dimorphic ungulate species, the sexes
differ in habitat use: often, males use habitats of lower
quality forage and females use habitats with lower
forage quantity (e.g. Watson & Staines, 1978; Bowyer,
1984; Pellew, 1984; Beier, 1987; Clutton-Brock, Iason &
Guinness, 1987). This is termed `habitat segregation'.
Since males are larger and dominant over females, the
lower male than female use of high quality foraging
habitat is puzzling and interesting from a behavioural
point of view. In addition, habitat segregation is of
interest for management and conservation of ungulates
(e.g. Clutton-Brock & Lonergan, 1994), because it is
frequently accompanied by sex differences in perfor-
mance and survival (Clutton-Brock, Major & Guinness,
1985).

As an explanation of habitat segregation, Clutton-
Brock, Guinness & Albon (1982) suggested that there
was a male disadvantage in indirect foraging competi-
tion relative to females (termed the `indirect competition

hypothesis'), as follows. Males, because of their larger
body size, have higher forage requirements and, thus,
need higher forage intake rates than do females. Since
forage intake rates depend on standing crop, at least in
grazing species, males require higher standing crop to
achieve suf®cient intake rates compared with females
(see also Illius & Gordon, 1987, 1992). If females graze
preferred high quality habitats down to the minimum
viable standing crop for females, this minimum lies,
therefore, below that for males. Consequently, males
cannot achieve high enough intake rates in these high
quality habitats and are forced into marginal habitats of
lower forage quality but higher forage biomass through
indirect grazing competition by females (see also
Clutton-Brock, Iason et al., 1987).

The indirect competition hypothesis has been widely
cited, but evidence in support of it is still equivocal (see
Main & Coblentz, 1990 for a review). In a ®rst experi-
mental test of the indirect competition hypothesis,
Conradt, Clutton-Brock & Thomson (1999) have
recently shown that large-scale sex differences in habitat

J. Zool., Lond. (2001) 254, 185±193 # 2001 The Zoological Society of London Printed in the United Kingdom



use in red deer on the Isle of Rum could not be
explained by indirect competition. However, Clutton-
Brock, Iason et al. (1987) suggested the indirect com-
petition hypothesis also as explanation of small-scale
segregation between sites within habitats (termed `site
segregation'); and they reported some indirect evidence
for this for red deer on the Isle of Rum. If indirect
competition between females and males is driving site
segregation, then site segregation should be more pro-
nounced in habitats in which competition is more
intense (see Clutton-Brock, Iason et al., 1987; Conradt,
2000). In order to test whether the indirect competition
hypothesis is an explanation for spatial segregation of
red deer on Rum, it is necessary also to investigate the
pattern of small-scale site segregation, which was not
examined by Conradt, Clutton-Brock & Thomson
(1999). Therefore, in the present study we investigated:
(1) whether males and females segregated signi®cantly
between sites within habitat types (i.e. vegetation com-
munities); (2) forage quantity and quality at male and
female foraging sites to show whether males use sites
with relatively lower forage quality but higher forage
biomass than females; (3) whether the degree of site
segregation was higher in vegetation communities in
which indirect foraging competition is more intense.

METHODS

Study site and red deer population

Data were collected between 1994 and 1996 on the Isle
of Rum, Scotland (with the exception of the data that
were used to measure degree of site segregation, for
which data from 1974 to 1993 were available; see Table
1). Red deer density is relatively high on Rum (1986,
19.8 deer/km2; Clutton-Brock & Albon, 1989), and
foraging competition, therefore, is intense (Clutton-
Brock, Guinness et al., 1982; Clutton-Brock, Thomson
& Covey, 1997). The Isle of Rum and its red deer
population have been described in detail by Clutton-
Brock & Ball (1987) and Clutton-Brock, Guinness et al.
(1982). Because the arguments of the indirect competi-
tion are based on the sexual size dimorphism of adult
animals, in our study only adult (i.e. fully grown) deer
(males 5 years of age; females 2 years of age) were
considered.

Vegetation communities

Our investigations concentrated on the 2 foraging
vegetation communities most important to the deer.
(1) Short Agrostis /Festuca grassland: this vegetation
community offered the highest quality forage on Rum
in terms of nitrogen content (Osborne, 1984; Gordon,
1986, 1989; Clutton-Brock, Iason et al., 1987; Conradt,
1997), digestibility (Clutton-Brock, Guinness et al.,
1982; Gordon, 1986) and mineral content (M. E. Ball,

pers. comm.), and was highly selected for by deer of
both sexes (Clutton-Brock, Guinness et al., 1982;
Clutton-Brock, Iason et al., 1987). It had a relatively
low forage biomass (Gordon, 1989; Conradt, 1997), so
that indirect competition within it was likely to be very
intense (Clutton-Brock, Guinness et al., 1982; Clutton-
Brock, Iason et al., 1987; Clutton-Brock, Thomson
et al., 1997). Since use of short Agrostis /Festuca grass-
land peaked in summer (Clutton-Brock, Guinness et al.,
1982), we studied site segregation within it in July±
August 1994 and 1995.
(2) Calluna heath communities: Calluna vulgaris is
important forage for deer in winter, when forage
biomass within other vegetation communities is low
(Watson & Staines, 1978; Clutton-Brock, Guinness
et al., 1982; Gordon, 1986), and we examined site
segregation in Calluna heath in January±March, 1994±
95 and 1995±96. The available area of Calluna heath on
the Isle of Rum was large (Ferreira, 1970) and the
competition for it relatively low (Clutton-Brock, Guin-
ness et al., 1982), so that we predicted lower site
segregation in Calluna heath than in short Agrostis /
Festuca grassland (Conradt, 1997).

Male and female sites

Regular census data on space (1006100 m map grid
references) and habitat use (in terms of vegetation com-
munities) of red deer on the island were collected on foot
by one of the authors (DT) between 1994 and 1996
(`island censuses', 6 days/census, 4 summer censuses/
year). The use by adult males and females of short
Agrostis/Festuca grassland in 1006100 m quadrats was
used to assign 53 quadrates (that were covered to > 80%
with short Agrostis /Festuca grassland) as male Agrostis /
Festuca sites and/or female Agrostis /Festuca sites (i.e.
used by � 0.5% of all males or all females that were
observed during censuses, respectively). With this
method, some sites were simultaneously classi®ed as
female sites and as male sites (i.e. if both male and female
use exceeded 0.5%). In comparisons between the sexes,
only sites that were classi®ed as either exclusively female
or exclusively male sites were included in the analysis.
The threshold of 0.5% was chosen, since this led to site
assignments comparable to those in Clutton-Brock,
Iason et al. (1987), and, thus, made possible comparisons
between the two studies (see Conradt, 1997 for details).

Because the area of Calluna heath on Rum is very
large (Ferreira, 1970) and much less densely used than
short Agrostis /Festuca grassland (Clutton-Brock,
Guinness et al., 1982), the percentage of deer seen in
individual 1006100 m spatial quadrats during island
censuses was very low and a different method had to be
used to assign male and female sites within Calluna
heath. For this purpose, LC censused the area of
Calluna heath (`heath censuses') in the north block of
Rum (see Clutton-Brock, Guinness et al., 1982) in great
detail on 28 winter days and noted the exact location (to
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within 1 m of a foraging animal), where she encountered
foraging male or female groups. These were then
de®ned as temporary male or female foraging sites,
respectively; 121 female and 66 male sites were assigned
with this method. In addition, before the ®rst census in
winter 1994±95, 15 random sites were chosen within
Calluna heath. The mean height of Calluna vulgaris
plants varied between these random sites, and the aim
was to investigate the relative use by deer of Calluna of
different plant heights. This was done to see whether
deer in general differentiated between Calluna of
various heights, and to see whether deer preferred short
Calluna heights because short Calluna plants are richer
in nitrogen content, as has been suggested in the past
(Clutton-Brock, Guinness et al., 1982). The relative use
of these random sites was determined by monitoring
fresh dung droppings: a 10 m2 patch was marked with
wooden pegs and cleared of dung at each site; each
patch was searched once a week for 10 weeks, and each
new deer dung dropping was noted and removed. This
method gave an indication of the relative use of deer of
a site (Welch, 1982). However, it was not possible to
distinguish between male and female use in this way.

An overview of censusing methods to determine male
and female preferred sites in both vegetation commu-
nities and of sample sizes is given in Table 1.

Vegetation samples and chemical analysis

In order to take vegetation samples at male and female

foraging sites within Agrostis /Festuca grassland, we
needed more precise locations than 1006100 m spatial
quadrats. Therefore, LC conducted 10 very detailed
censuses of short Agrostis /Festuca grassland in the
north block of Rum in summer 1994 and determined
the location of the most intensely used exclusively male
and female 10610 m quadrats in this area; 8 sites for
males and 9 for females were assigned with this method.
Vegetation samples were then taken at these locations.
Vegetation samples within Calluna heath were collected
in winter at the 15 random sites and the ®rst 14 female
and 12 male sites which had been encountered during
the heath censuses. In both vegetation communities, the
vegetation was clipped down to ground level within
20620 cm quadrats, sorted into dead and live matter,
dried in an electrical oven at 40 8C for 72 h and weighed.
The dried live sample was stored in a dry, cool place for
2 months, ball-milled and submitted for chemical ana-
lysis to the Macaulay Land Use Research Institute in
Aberdeen. The vegetation samples were analysed for
nitrogen content (in % of dried live biomass) in a gas
chromatograph using a Carlo Erba Elemental Analyser
(see Conradt, 1997 for details of method), in vitro dry
matter digestibility (in % of dried live biomass; see
Alexander & McGowan, 1961; Tilley & Terry, 1963 for
method), and caloric content (in kJ/ sample) in a
Gallenkamp autobomb adiabatic bomb calorimeter (see
Conradt, 1997 for details of method). Since in Scotland,
nitrogen is the limiting factor for ruminants (Staines &
Crisp, 1978; Watson & Staines, 1978; Clutton-Brock,
Guinness et al., 1982; Osborne, 1984; Gordon, 1986,
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Table 1. Overview of censusing methods, spatial scales, measures of forage quality and quantity and sample sizes; for further
details see text

Short Agrostis /Festuca grassland Calluna heath communities

Male and female sites
Censusing method Island censuses 1994±96 Heath censuses 1994±96
Sample size 72 census days, 12 total island censuses 28 census days
De®nition Most used 1006100 m quadrats Locations of deer groups
No. of sites 16 male, 17 female, 20 mixed-sex 66 male, 121 female

Site segregation
Censusing method North block censuses 1974±93 North block censuses 1974±93
Sample size > 1000 census days > 1000 census days
Scale 1006100 m 1006100 m

Vegetation sampling
Censusing method Island censuses 1994±96 Short grassland censuses 1994 Heath censuses
Sample size 72 census days 10 census days 28 census days
Scale 1006100 m 10610 m Locations of deer groups
Vegetation quality Plant category composition Nitrogen content Nitrogen content (12 male, 11

(no. of sites) (16 male, 17 female, 20 In vitro digestibility female, 15 random)
mixed-sex) Caloric content (all 8 male, In vitro digestibility (12 male,

9 female) 14 female, 15 random)
Caloric content (12 male, 14

female, 15 random)
Calluna plant height (66 male, 121

female, 15 random, 117 control)
Vegetation quantity % of live plant area cover (16 Live plant material per area Live plant material per area

(no. of sites) male, 17 female, 20 mixed-sex) (8 male, 9 female) (12 male, 14 female, 15 random)
Average height of plants (12 male, Calluna plant height (66 male, 121

13 female 10 mixed-sex) female, 15 random, 117 control)



1989; Conradt, 1997; see also van Soest, 1982), of the 3
measures, nitrogen content was assumed to be the most
important aspect of forage quality.

Additionally, plant category composition was investi-
gated in the 53 quadrats that had been assigned as
male and/or female sites within short Agrostis /Festuca
grassland, using a point sampling method (Reich,
Bonham & Remingtojn, 1994). A transect through the
centre of the site was followed and the plant categories
were determined at regular distances: a point sampling
frame with 10 needles, each 4 cm apart, was put down
every 2±5 m (according to patch size) along the transect.
Every plant hit by a needle was sampled, making
altogether at least 100 individual plants (at 100 plants
the proportion of plants in different plant categories
reached asymptotic values: see Conradt, 1997). Plant
categories were: (1) forbs; (2) broad-leaved mesotrophic
graminoids; (3) narrow-leaved mesotrophic graminoids;
(4) oligotrophic graminoids; (5) closely cropped dwarf
shrubs; (6) sedges and rushes; (7) dead plant matter or
open ground.

An overview of censusing methods to determine sites
for vegetation samples in both vegetation communities
and of sample sizes is given in Table 1.

Forage quantity

The relative quantity of forage at male and female
foraging sites in Agrostis /Festuca grassland was deter-
mined in 3 ways: (1) the biomass of dried live plant
matter was determined from vegetation samples; (2) the
percentage of area covered with live plant material was
determined at 53 sites using the point sampling
technique; (3) the average height of live plants was
determined at 35 sites, using the point sampling
technique.

The relative quantity of forage at sites within Calluna
heath was determined in 2 ways: (1) the biomass of live
plant matter was determined from vegetation samples;
(2) the height of Calluna plants was measured at 15
random sites, 121 female sites and 66 male sites (this
included the 41 sites at which vegetation samples were
taken; see Conradt, 1997 for details of method). Because
locations of groups within a day in the heath censuses
were not necessarily independent of each other, data
that were sampled within a day were averaged across
deer groups for each sex, and these averages were used
as independent units of analysis. For males data of 28
census days (and, thus, 28 measured `averages' of
Calluna plant height) were available, and for females
data of 24 census days (and, thus 24 measured
`averages'). Additionally, the overall availability of
Calluna of different plant heights was determined by
systematically sampling Calluna plant heights at regular
intervals in the heath area in the north block of Rum.
For this purpose, LC walked along parallel transects
(80 m apart) from west to east, and sampled Calluna
plant height at regular sites every 80 m as described.
Altogether, 117 regularly spaced locations were

sampled, covering the entire area. Available biomass of
forage was likely to be correlated with plant height.
Within the 41 vegetation samples, the correlation
between Calluna plant height and dry matter live
biomass at a site was examined. This correlation was
used to estimate dry matter live biomass at sites at
which only Calluna plant height had been measured.

An overview of measures of forage quantity in both
vegetation communities and of sample sizes is given in
Table 1.

Forage quality

The relative quality of forage at male and female fora-
ging sites in short Agrostis /Festuca grassland was
estimated by: (1) the nitrogen content, dry matter
digestibility and caloric content of live plant matter at
17 sites were determined from vegetation samples; (2)
the percentage of area covered with live plant material
of plant categories with different forage quality was
determined in 53 sites, using the point sampling tech-
nique. According to nitrogen content and digestibility,
plant categories were considered to be of the following
relative forage quality to deer: forbs were the plant
category with the highest forage quality, followed by
mesotrophic graminoids (broad-leaved and narrow-
leaved grasses), closely cropped dwarf shrubs, oligo-
trophic graminoids, and ®nally sedges and rushes
(Clutton-Brock, Guinness et al., 1982; van Soest, 1982;
Gordon, 1986, 1989; Clutton-Brock, Iason et al., 1987;
Conradt, 1997).

To determine the quality of forage at male and female
foraging sites within Calluna heath, the nitrogen
content, dry matter digestibility and caloric content of
live plant matter was measured in 41 vegetation
samples. Further, forage quality of Calluna is usually
negatively correlated to Calluna plant height, since
heavily grazed Calluna is shorter and supports relatively
more new growth, which is of higher forage quality
(Grant & Hunter, 1966; Miller, 1979; M. E. Ball, pers.
comm.). Therefore, the correlation between Calluna
plant height and nitrogen content, dry matter digest-
ibility and caloric content was examined at a site using
the 41 vegetation samples. The signi®cant correlations
were used to estimate forage quality at sites at which
only Calluna plant height had been measured. When the
forage quality was compared between male and female
sites, the height of Calluna plants was controlled for in a
multiple linear regression model.

An overview of measures of forage quality in both
vegetation communities and of sample sizes is given in
Table 1.

Degree of inter-sexual site segregation

Data on habitat use (in terms of vegetation commu-
nities) and space use (map grid references) have been
collected during censuses carried out on foot in the
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north block of Rum (`north block censuses': 1974±93, 5
censuses/month in at least 9 months/year) by FEG and
THC-B. The data were used to determine the relative
degree of inter-sexual site segregation within short
Agrostis /Festuca grassland and within Calluna heath
(see Table 1). Since scale of sites is crucial for the
measured degree of segregation (see Conradt, 1999),
and had to be comparable across vegetation commu-
nities, for the purpose of measuring inter-sexual site
segregation, 1006100 m spatial quadrats were chosen
as `sites' within both vegetation communities. This was
possible, because the `segregation coef®cient' was used
as a measure of segregation as suggested by Conradt
(1998a) which is independent of the difference in spatial
density of deer between the 2 vegetation communities:

ÐÐÐÐÐÐÐÐÐ
N ± 1 k xi � yiSC = 1 ± ÐÐ � ~ ÐÐÐH(
X � Y i = 1 ni ±1

)
where X = total number of observed males; Y = total
number of observed females; N = total number of ob-
served animals (X + Y ); xi = number of males in i-th
spatial quadrate; yi = number of females in i-th spatial
quadrate; ni = number of animals in i-th spatial quadrate
(xi + yi); k = number of spatial quadrats.

Only deer that used the vegetation community in
question were included in the measure. The segregation
coef®cient takes the value `0' when there is no segrega-
tion and can range up to a maximum value of `1' when
there is complete segregation (note that the segregation
coef®cient takes negative values for positive association
between the sexes). It is stochastically independent of
sex ratio and deer density (Conradt, 1998a). As recom-
mended by Conradt (1999) for segregated species, the
original coef®cient (Conradt, 1998a) has been slightly
modi®ed. Census data within each month within each
year (c. 5 censuses each) were lumped to increase sample
sizes.

RESULTS

Site segregation

The degree of inter-sexual site segregation was signi®-
cantly greater than zero within short Agrostis /Festuca
grassland (t-test t = 33.3; P < 0.001; n = 119; see Fig. 1)
and within Calluna heath (t-test t = 23.1; P < 0.001;
n = 81 (note the minimum in the degree of inter-sexual
segregation in October during the rut; because of the
rut, data for October and November were excluded
from analyses of both vegetation types). The degree of
site segregation was not signi®cantly different between
short Agrostis /Festuca grassland and within Calluna
heath (t-test t =71, P = 0.32, n = 63, NS), if data for the
whole year (excluding October and November because
of the rut) were used. When the degrees of inter-sexual
site segregation for late winter (Jan±March) and for late
spring/summer (May±Aug) were compared separately,
the degree of inter-sexual site segregation was signi®-

cantly larger within short Agrostis /Festuca grassland
than within Calluna heath in winter (t-test t = 3,
P < 0.01, n = 10), and signi®cantly smaller within short
Agrostis /Festuca grassland than within Calluna heath in
summer (t-test t = -5.5, P < 0.001, n = 29).

Short Agrostis /Festuca grassland

Contrary to predictions by the indirect competition
hypothesis, males did not use sites within short
Agrostis /Festuca grassland with a signi®cantly higher
biomass than did females; forage vegetation at male and
female sites was not signi®cantly different for average
live biomass (males 29.2 � 9.2 mg/cm2; n = 8; females
23.6 � 0.1 mg/cm2; n = 9; Mann±Whitney test, W = 85,
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P > 0.2, NS), proportion of ground covered by live plant
material (males 92 � 6.8%, n = 16; females 94.5 � 4.2%,
n = 17; see Fig. 2; Mann±Whitney test Z = 0.91, P > 0.3)
and sward height (males 4.2 � 2 cm, n = 12; females
3.7 � 1.7 cm, n = 13; Mann±Whitney test Z = 0.66,
P > 0.5, NS).

Also contrary to predictions, males did not use sites
with signi®cantly lower quality forage, than did females:
forage vegetation at male and female foraging sites did
not differ signi®cantly (Mann±Whitney tests P > 0.1 in
all cases) for nitrogen content (males 1.64 � 0.19%,
n = 8; females 1.66 � 0.25%, n = 9), digestibility of live
matter (males 61.9 � 4%, n = 8; females 66.4 � 5.8%,
n = 9), or caloric content (males 18.5 � 0.4 kJ/g dry
matter, n = 8; females 18 � 1 kJ/g dry matter, n = 9).
Moreover, plant species composition also differed little
between male sites and female sites (see Fig. 2). Male
sites tended to have a slightly higher proportion of
broad-leaved grasses than female sites, a slightly lower
proportion of forbs and a slightly lower proportion of
closely-cropped dwarf shrubs (males 0.3 � 0.9%, n = 16;
females 2.4 � 4.3%, n = 17), but none of these trends was
signi®cant (Mann±Whitney tests broad-leaved grasses
Z = 1.70, P = 0.09, NS; forbs Z = 1.69, P = 0.09, NS;
dwarf shrubs Z = 1.88, P = 0.06, NS; n(males) = 16,
n(females) = 17 in each case).

Availability of Calluna

Calluna plants varied widely in height between sites
(range 5 mm to 50 cm). These differences in plant height
were correlated with differences in forage biomass and
quality: the available biomass of live matter (per area)
increased signi®cantly with Calluna plant height (live
biomass = 0.0436plant height + 0.44, F1,39 = 32.8,
P < 0.001, n = 41; see Fig. 3a), while the forage quality in
terms of nitrogen content of live matter decreased with

Calluna plant height (nitrogen content =70.000816
plant height + 1.14, F1,39 = 4.5, P < 0.05, n = 41; see
Fig. 3b). As a consequence live matter biomass and
nitrogen content of sites were negatively correlated
(F1,39 = 7.2, P < 0.05, n = 41). Thus, deer could select
different Calluna sites either for live biomass or for
nitrogen content, but could not optimized both at the
same time. Two further aspects of forage quality,
namely digestibility and caloric content of live matter,
were not correlated to the height of Calluna plants
(F-tests, digestibility F1,39 = 1.54, P > 0.1; caloric content
F1,39 = 1.87, P > 0.1).

Calluna heath

Judging from the amount of new dung/area per week,
the use by deer of Calluna sites was negatively correlated
to Calluna plant height (Spearman rank correlation
rs =70.64, t =72.8, P = 0.02, n = 15) and positively
correlated to nitrogen content (Spearman rank correla-
tion rs = 0.58, t = 2.4, P = 0.04, n = 15). Deer did not
increase their use of a site if the live matter of forage
was more digestible or had a higher caloric content
(Spearman rank correlations, digestibility rs = 0.14,
n = 15, P > 0.5, NS, caloric content rs = 0.17, n = 15,
P > 0.5, NS).

Contrary to predictions by the indirect competition
hypothesis, males did not select sites within Calluna
heath which had a higher live biomass than did females;
we found no signi®cant difference between male and
female foraging sites for Calluna plant height (males
90.7 � 29.9 mm; females 85.5 � 33 mm; t-test for differ-
ence of means t = 0.6, P > 0.2, NS; n = 28 days for males,
n = 24 days for females) and live biomass (F-test
F1,20 = 1.65, P > 0.1, NS; n = 12 males, n = 11 females;
see Fig. 3a: trend in the opposite direction than pre-
dicted, i.e. towards lower biomass/area at male than
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female sites at same Calluna plant heights). We used the
correlations between Calluna plant height and live
biomass to estimate the relative available live biomass at
sites at which only Calluna plant height had been
measured. We found that the estimated live biomass
was slightly lower at male sites (see Table 2) than at
female sites (t-test, t =71.85, P > 0.05, n = 28, m = 24)
and signi®cantly lower at male sites than at average sites
(t-test, t =710.9, P < 0.001, n = 28, m = 117).

Moreover, contrary to predictions, males did not
forage at sites of lower forage quality than did females:
at the same Calluna plant heights, males chose sites
which had signi®cantly higher nitrogen content than
sites chosen by females (difference + 0.15%; F1,20 = 8.4,
P < 0.01; n = 12 male samples, m = 11 female samples;
see Fig. 3b), and did not differ from female sites for
digestibility (males 47.6 � 6.3%, n = 12; females
48.3 � 7%, n = 14; t-test t =70.25, d.f. = 21, P > 0.5, NS)
or caloric content (males 23.1 � 0.5 kJ/g dry matter,
n = 12; females 22.7 � 0.6 kJ/g dry matter, n = 14; t-test,
t =71.74, d.f. = 21, P > 0.05, NS) of live vegetation.

Further, we used the regressions of nitrogen content
on Calluna plant height for each sex and for average
sites to estimate the mean nitrogen content at sites
where only Calluna plant height had been measured (see
Table 2). We found that, although males used slightly
longer Calluna than females, males foraged on average
at sites with a signi®cantly higher nitrogen content by
comparison with females (randomization test t = 14.8,
d.f. = 50, P < 0.001; n = 28 independent days for male
sites, m = 24 independent days for female sites).

DISCUSSION

The sexes were signi®cantly segregated between sites
within short Agrostis /Festuca grassland and within
Calluna heath. If the indirect competition hypothesis
could have explained such site segregation, then within
each vegetation community, males should have used
sites with a higher forage biomass but lower quality,
than females. Further, the degree of inter-sexual site
segregation should have been signi®cantly higher within
the highly competed for short Agrostis /Festuca grass-
land than within Calluna heath.

Neither within short Agrostis /Festuca grassland nor
within Calluna heath did males use sites that had a
signi®cantly higher forage biomass or a signi®cantly
lower forage quality than sites used by females. More-
over, the degree of site segregation was not consistently
higher within short Agrostis /Festuca grassland than
within Calluna heath; in summer the degree of site
segregation was even signi®cantly lower within short
Agrostis /Festuca grassland than within Calluna heath.
We conclude that the indirect competition hypothesis
cannot explain the observed patterns of inter-sexual site
segregation of red deer on Rum.

Our result differs from the result of Clutton-Brock,
Iason et al. (1987) who observed that males used sites
within short Agrostis /Festuca grassland which had a
higher biomass than female sites. However, Clutton-
Brock, Iason et al. (1987) concentrated their study in
two areas within the north block of Rum, of which one
area had an extremely low standing crop and was nearly
exclusively used by females. It is possible that the results
from this area were responsible for the signi®cantly
higher biomass at male sites that they observed.
Extending the investigation to other areas of the island
in the present study did not con®rm the results of
Clutton-Brock, Iason et al. (1987).

Our result, that the indirect competition hypothesis
cannot explain within-habitat site segregation, comple-
ments the results of Conradt, Clutton-Brock &
Thomson (1999) that the indirect competition hypoth-
esis also cannot explain between-habitat segregation in
red deer. Since red deer are a typical segregating
ungulate species (Clutton-Brock, Guinness et al., 1982;
Clutton-Brock, Iason et al., 1987; Conradt, 1997) and
the indirect competition hypothesis has ®rst been con-
ceived for red deer on Rum (Clutton-Brock, Guinness
et al., 1982), the two studies cast serious doubt on the
suggestion that the indirect competition hypothesis is a
general explanation for inter-sexual spatial segregation
in ungulates. This has important implications for con-
servation and management; if indirect competition with
females is not affecting male habitat use in the way
previously assumed, then culling of female numbers will
not have the desired effect on male foraging behaviour,
i.e. that males should move into higher forage quality
habitats (e.g. Clutton-Brock & Lonergan, 1994;
Clutton-Brock, Thomson et al., 1997; Conradt,
Clutton-Brock & Thomson, 1999).

Alternative explanations for sex differences in space
and habitat use in ungulates include the following
hypotheses.
(1) Conradt, Clutton-Brock & Guinness (2000) have
suggested that males are more sensitive to bad weather
than are females, because of the higher absolute heat
losses of males. Consequently, males prefer habitats that
offer better shelter against weather conditions, while
females prefer habitats that offer better foraging
opportunities (see also Jackes, 1973).
(2) Female reproductive success depends largely on the
survival of offspring and, thus, on the avoidance of
predation, while male reproductive success depends
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Table 2. Estimated mean (� sd) live biomass and nitrogen
content of live biomass at an average male foraging site, an
average female foraging site and an average site within Calluna
heath in the north block of Rum; estimates are based on
correlations between Calluna plant height and live biomass/
nitrogen content, respectively. For further details see text

Average male Average female
foraging site foraging site Average site

Live biomass per 3 � 1.3 3.7 � 1.4 6.6 � 2.4
area (mg/cm2)

Nitrogen content 1.16 � 0.02 1.01 � 0.03 1.02 � 0.04
(%)

n (sample size) 28 24 117



largely on male competitive ability and body condition
and, thus, on the nutritional status of the male (e.g.
Clutton-Brock, Guinness et al., 1982). It has, therefore,
been suggested that females prefer `safe' habitats, while
males are prepared to take higher risks and use
`dangerous' habitats if they can obtain more food there
(e.g. Jakimchuk, Ferguson & Sopuck, 1987).
(3) Various constraints might hinder females from dis-
persing from their natal habitats, while males are likely
to be much less constrained in their spatial dispersal
(e.g. Clutton-Brock, Guinness et al., 1982; Conradt,
Clutton-Brock & Guinness, 1999). Conradt (1997)
suggested that, if females are forced to remain in over-
grazed habitats, while males can freely disperse to new
habitats that offer better foraging conditions, the sex
difference in dispersal constraints can lead to habitat
segregation.
(4) Conradt (1998b, 1999) and Ruckstuhl (1998) have
suggested that males and females in dimorphic ungu-
lates live in separate social groups, because they differ in
activity patterns. Such social segregation could facilitate
differences in space and habitat use, so that already
relatively minor sex differences in habitat requirements
can lead to habitat segregation (Conradt 1997, 1999).
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