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The relationship between habitat choice 
and lifetime reproductive success in female red deer 
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Abstract In non-territorial species, individuals can 
move freely and should be distributed in an ideal free 
manner between habitats and areas with respect to re- 
sources that influence lifetime reproductive success 
(LRS). Consequently, no relationship between diet 
quality and LRS should be expected. However, there 
have been no attempts to test this prediction. The 
present paper investigates the relationship between for- 
age habitat use and LRS in red deer (Cervus elaphus) 
hinds within three neighbouring areas on the Isle of 
Rum which differed in their amounts of high-quality- 
forage habitat. Within areas, hinds move widely and 
have access to the same resources. We found no corre- 
lation between LRS of individual hinds and their use of 
high-quality-forage habitat (i.e. short Agrostis/Festuca 
grassland). Our analysis suggests that high hind densities 
on short Agrostis/Festuca grassland offset any advan- 
tages of increased access to preferred forage. These re- 
sults support the hypothesis that red deer hinds are 
distributed in an ideal free manner with respect to the 
use of high-quality-forage habitat. However, hinds 
rarely leave areas where they are born, and the analysis 
suggests that constraints in changing areas hindered an 
ideal free distribution on a larger spatial scale. Conse- 
quently, mean LRS was not the same within the three 
investigated areas: one area, with a low amount of short 
Agrostis/Festuca grassland and a low hind density, 
contributed more male offspring (and more total off- 
spring) per hind to the population than the other two 
areas. 
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Introduction 

Studies on lifetime reproductive success (LRS) in ani- 
mals have demonstrated large variations among indi- 
viduals (see Clutton-Brock 1988; Newton 1989) which 
are sometimes related to phenotypic differences (e.g. 
Bryant 1988; Patridge 1988; Birkhead and Goodburn 
1989; Saurola 1989). An additional source of variation 
in LRS could be differential access to resources, and 
thus differences in habitat use. However, only a limited 
number of studies have examined the relationship be- 
tween fitness and individual habitat use (see Clutton- 
Brock 1988; Newton 1989). This relationship is expected 
to vary with the spatial organization of a species. In 
territorial species, several studies have reported that 
some individuals defend better territories than others 
and that LRS increases with territory/habitat quality 
(Packer et al. 1988; Newton 1989; Rowley and Russell 
1989), although this was not always the case (Gustafs- 
son 1989). In contrast, in non-territorial species, indi- 
viduals do not defend areas, so better habitats are not 
monopolized. As a result, better habitat could attract 
larger numbers of individuals, so that disadvantages of 
high competitor density could outweigh advantages of 
access to good habitat. In such circumstances, the best 
strategy for individuals would be to adjust their habitat 
use flexibly to a given situation and to move from 
habitats/areas of potentially lower LRS to habitats/ 
areas of potentially higher LRS. The result would be 
that average LRS is the same in all habitats in which 
animals are present (ideal free distribution: Fretwell and 
Lucas 1970; Parker 1970; Fretwell 1972). Because of 
these differences, the predictions for non-territorial and 
territorial species differ, and one would expect no cor- 
relation between individual LRS and individual habitat 
use within a non-territorial population. This has not yet 
been tested. Further implications of the prediction are 
that in non-territorial species, individual differences in 
habitat use do not contribute to variation in LRS, and 
therefore, all else being equal, variation in LRS should 
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be lower in non-territorial species than in territorial 
ones. 

The present paper investigated the relationship be- 
tween LRS and individual habitat use in wild red deer 
hinds in three adjacent areas within the north block of 
the Isle of Rum, Scotland. For red deer hinds on Rum, 
forage is an important limiting resource, and forage 
quality differs among habitats (Clutton-Brock et al. 
1982). Hinds are non-territorial, and individual females 
compete indirectly for forage (Clutton-Brock et al. 
1987). We predicted that: (a) use of high-quality-forage 
habitat by individual females should be uncorrelated to 
their LRS (and its components) within the north block 
as a whole, and within each of the three neighbouring 
areas when examined separately; (b) average LRS of 
hinds should not differ between the three adjacent areas, 
and (c) when daughters disperse from their mother's 
range they should move into habitats and areas where 
their LRS is higher. Additionally, we examined whether 
an individual hind's use of high-quality-forage habitat 
was related to her reproductive status. 

Methods 

Study area and animals 

The study was conducted in 1968-1993 in the 12-km2 north block 
of the Isle of Rum, Scotland (see Clutton-Brock et al. 1982 for a 
detailed description of the area and red deer population). 
Approximately 300-400 red deer were resident in the area. Since 
1974, the population had remained unculled, and by this time every 
animal resident could be individually recognized by natural or 
artificial markings. The entire life history was known for many 
individual hinds (Clutton-Brock et al. 1982). Red deer individuals 
do not exclude other individuals from areas or habitats. Although, 
hinds often settled in their native range, they did not always and 
they were not barred by conspecifics from entering a new range 
(Clutton-Brock et al. 1982; note also that each individual hind does 
not need to move far in order for the whole population to settle at 
an ideal free distribution). In all parts of our study area, hinds had 
access to all habitat types (defined below). Since parts of the study 
area differed in their extent of short Agrostis/Festuca grassland 
habitat, we divided the study area into three neighbouring areas 
(Shamhnan Insir, Kilmory and Upper Glen) and made compari- 
sons between LRS and habitat use not only for the study area as a 
whole, but also for sub-populations within the three parts of the 
study area and for matrilineal groups, in which all animals had 
access to short Agrostis/Festuca grassland to the same extent. The 
three neighbouring areas represented clusters of deer distribution 
(Guinness et al. 1978) and varied in hind density (mean number of 
adult hinds/km2 over the time period: Shamhnan Insir, 17.9; 
Kilmory, 33.3; Upper Glen, 7.1) and amount of available short 
Agrostis/Festuca grassland (proportion of area covered by Agrostis/ 
Festuca grassland: Shamhnan Insir, 0.044; Kilmory, 0.171; Upper 
Glen, 0.018). Individual hinds were assigned to one of the three 
areas by the mean spatial co-ordinate at which they were observed 
during their adult lifetime (i.e. their 'range centre'; see below), 
which varied little from year to year (T.H. Clutton-Brock and F.E. 
Guinness, unpublished data). 

Habitat use 

To determine the habitat use of deer, we conducted regular cen- 
suses (five times a month in at least 9 months per year) on foot of 

the north block of Rum. Each census was done within a single day. 
We collected information on the individual identity of hinds, spa- 
tial co-ordinate, group membership and vegetation community. 
Since food resources on Rum (but not other resources like water or 
sheltering sites) are limiting for deer (Clutton-Brock et al. 1982; 
Conradt 1997), we used measures of forage quality (nitrogen and 
mineral content and digestibility) to classify the vegetation com- 
munities in terms of habitat quality. Additionally, we considered 
the behaviour of deer (preference, i.e. 'selectivity' for vegetation 
communities) for the classification. The soil on Rum is poor in 
nitrogen and minerals. As a result, most vegetation communities 
are also very low in nitrogen and minerals, and nitrogen in par- 
ticular (see Van Soest 1982) is the important limiting factor for 
herbivore forages in Scotland (e.g. Osborne 1984; Gordon 1986). 
The only areas within our study area that are enriched are those 
close to a river and close to the splashing zone of the sea. These 
areas are covered by short Agrostis/Festuca grassland. Conse- 
quently, the live vegetation of short Agrostis/Festuca grassland has 
a much higher nitrogen content (mean ± SD 1.42 + 0.22%, 
n = 98; sources: Clutton-Brock et al. 1987; Conradt 1997) than 
other vegetation communities (1.05 ± 0.07%, n = 178; Conradt 
1997; L. Conradt, unpublished data) with virtually no overlap in 
nitrogen content between Agrostis/Festuca grassland and other 
vegetation communities for most of the year. Additionally, short 
Agrostis/Festuca grassland has a higher content than other terres- 
trial vegetation communities of important minerals, like phospho- 
rus and calcium (M.E. Ball, personal communication). Dry matter 
digestibility for ruminants is also higher for vegetation of short 
Agrostis/Festuca grassland (64.3 ± 4.9%, n = 17; Conradt 1997) 
than that of other vegetation communities (48.6 + 6.7%, n = 38; 
Conradt 1997). Since short Agrostis/Festuca grassland offered deer 
a distinctly higher-quality forage than all other vegetation com- 
munities on Rum (Clutton-Brock et al. 1982, 1987; Van Soest 1982; 
Conradt 1997), we classified the vegetation communities as (a) 
high-quality-forage habitat (i.e. short Agrostis/Festuca grassland) 
and (b) habitat of considerably lower quality forage (all other 
vegetation communities; see Clutton-Brock et al. 1982). An im- 
portant further indication of the validity of this classification is the 
behaviour of the deer. Red deer strongly select for short Agrostis/ 
Festuca grassland year-round over other Scottish vegetation com- 
munities in the wild (Clutton-Brock et al. 1982, 1997), and also 
under experimental conditions in captivity (Clarke et al. 1995), and 
deer ranges in our study area centred around areas of short 
Agrostis/Festuca grassland (Clutton-Brock et al. 1982). Further- 
more, it has been reported that hinds increase their use of short 
Agrostis/ Festuca grassland when lactating (Clutton-Brock et al. 
1982), and that the availability to a deer population of nitrogen- 
rich vegetation like that of short Agrostis/Festuca grassland affects 
age at first reproduction and reproductive rate (lason et al. 1986; 
Langvatn et al. 1996). 

Vegetation communities occurred on a relatively small scale on 
Rum, and all vegetation communities of the north block were 
present within each of the three neighbouring areas. Different 
patches of short Agrostis/Festuca grassland differed little in nitro- 
gen content (Clutton-Brock et al. 1987), digestibility and plant 
species composition (Conradt 1997), and the forage quality was, 
thus, relatively homogenous in short Agrostis/Festuca grassland 
(particularly when considered relative to that of other vegetation 
communities). To measure individual use of short Agrostis/Festuca 
grassland, we considered only censuses when hinds were adult 
(>2 years). Since habitat use changes seasonally (Clutton-Brock 
et al. 1982), use of short Agrostis/Festuca grassland was determined 
separately for the colder (November-April) and the warmer (May- 
October) halves of the year. The two values were significantly 
correlated with one another (r2 = 0.625, P<0.001, n = 167). For 
the analysis of the relationship between habitat use and repro- 
ductive success, therefore, the mean of the two values (where 
available) was used as the index of short Agrostis/Festuca grassland 
use by individual hinds. If use of short Agrostis/Festuca grassland 
could only be calculated for one season, the second value was es- 
timated from the observed correlation between seasons. Minimum 
sample size per hind was 20 censuses in the colder half of the year 
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and 20 censuses in the warmer half, if both values could be cal- 
culated from observations, otherwise 30 censuses, if one of the 
values had to be estimated. Additionally, use of short Agrostis/ 
Festuca grassland was calculated for individual hinds when lac- 
tating and when non-lactating (using June-October data only). The 
'range centre' of individual hinds was determined as the mean 
spatial co-ordinate of all locations at which a hind had been seen in 
adulthood during censuses (the population is non-migratory). 

Lifetime reproductive data 

Since 1968, nearly every calf that has been born to a resident hind 
in the north block has been marked and registered (see Clutton- 
Brock et al. 1982; Rose 1995). The death of every animal that lived 
in the north block has also been recorded. A life history data set 
was thus established for all resident animals, containing informa- 
tion on mother, matriline, birth date and date of death. For most 
hinds within the north block, the number of calves they bore and 
how long these calves survived can be extracted from this life his- 
tory data set. Thus, information on LRS of individual hinds is 
available for the north block. Definitions of LRS and its compo- 
nents for red deer hinds are as follows. 

Lifespan (LS): number of years which a hind survived once she 
had reached adulthood (i.e. 2 years of age) 
Fecundity (F): number of calves born per year of lifespan 
Summer female-calf survival (SFCS): proportion of female 
calves of a hind which were alive on 1 October in their year of 
birth 
Summer male-calf survival (SMCS): proportion of male calves 
of a hind which were alive on 1 October in their year of birth 
Winter female-calf survival (WMCS): proportion of female 
calves (of the female calves which survived their first summer) 
which reached at least 1 year of age 
Winter male-calf survival (WMCS): proportion of male calves 
(of the male calves which survived their first summer) which 
reached at least 1 year of age 
Female yearling survival (FYS): proportion of female yearlings 
which reached at least 2 years of age 
Male yearling survival (MYS): proportion of male yearlings 
which reached at least 2 years of age 
Female proportion at birth (FPB): proportion of calves born to 
a hind which were female 
Female proportion at age 2 (FPT): proportion of offspring 
surviving to 2 years which were female 
Lifetime female surviving offspring (LRSF): LS x F x 
FPB x SFCS x WFCS x FYS 
Lifetime male surviving offspring (LRSM): LS x F x 
(1 - FPB) x SMCS x WMCS x MYS 
LRS: LRSF + LRSM 

Hinds were included in the analysis if they were born between 1971 
and 1989, reached adulthood (2 years of age, when females become 
independent of their mothers), and were dead by 1994. Since it was 
only possible to determine LRS for hinds which were dead by the 
time of the data analysis, the sample of hinds might have been 
slightly biased towards hinds which died young (Clutton-Brock 
et al. 1982). Truncation of the data to hinds born before 1989 
decreased the problem. 

LRS was calculated for individual hinds as the number of calves 
to which they gave birth and which survived to at least 2 years of 
age. Ideally, a full generation circle (from 2-year-olds in one gen- 
eration to 2-year-olds in the next generation) would have been 
covered. However, use of short Agrostis/Festuca grassland could not 
be determined reliably (see minimum sample sizes above) for hinds 
with low numbers of habitat observations, and most hinds which 
reached only 2 or 3 years of age had to be dropped from the analysis. 
This could have biased the comparison between areas if hinds in one 
area were more likely to die at age 2 or 3 than hinds in other areas. 
We tested this and found that mortality of hinds between 2-4 years 
did not differ significantly between Shamhnan Insir, Kilmory and 
Upper Glen (Z2-test: P > 0.2, n.s.; n = 231 hinds). 

Encountered hind density 

The density of hinds encountered by an individual hind was cal- 
culated as the average number of adult hinds in the same social 
group as the target hind, when she was using short Agrostis/Festuca 
grassland (using data from the long-term data set on habitat use). 
The 'encountered hind density' was therefore high for hinds in areas 
where a large number of hinds were resident per square kilometre 
of short Agrostis Festuca grassland (see above). 

Statistical methods 

Non-parametric tests were used throughout, because the data dis- 
tributions did not justify parametric tests. To control for effects of 
differences among cohorts, different parts of the study area or the 
influence of encountered hind density on LRS or its components, 
we used standardized residuals. When the direction of a correlation 
was predicted, one-tailed tests were used (as stated after the re- 
spective P-value), otherwise two-tailed tests were used (when not 
specifically stated otherwise, given probabilities are two-tailed). 
Since correlations of short Agrostis/Festuca grassland use with LRS 
and its components were examined within three different parts of 
the study separately, the significance threshold for tests within ar- 
eas had to be lowered to oa < 0.017, so that the probability of 
finding one or more of the three correlations significant (if there 
were no correlation) was lower than 0.05. 

Results 

Did individual hinds adjust their use 
of high-quality-forage habitat (short Agrostis/Festuca 
grassland) to their reproductive status? 

Hinds used short Agrostis/Festuca grassland on average 
25.8% of their time (SD: + 12.8%, n = 157). Use of 
short Agrostis/Festuca grassland by individual hinds 
varied with their reproductive status. Hinds in the study 
area significantly increased their use of short Agrostis/ 
Festuca grassland by 8% on average when they had 
a calf, relative to their use when they had no calf 
(Wilcoxon test: z = 3.37, P< 0.01; n = 157 hinds). 

Was use of short Agrostis/Festuca grassland by 
individual hinds correlated to their reproductive 
performance? 

Total LRS 

In the north block of Rum, hinds that used short 
Agrostis/Festuca grassland to a larger extent did not 
show an increased LRS (Spearman: rs = -0.1, P > 0.1; 
n = 132; Fig. 1). This result still held after controlling 
for the effects of cohort and the different parts of the 
study area (Spearman: rs = 0.05, P > 0.9; n = 128) or 
for the hind density encountered by hinds (Spearman: 
rs = 0.01, P > 0.8; n = 129). To examine the statisti- 
cal power of the result that there was no positive cor- 
relation between LRS and short Agrostis/Festuca 
grassland use, we calculated (1) the general type II error 
for a Spearman rank correlation with n = 132 
and o = 0.05 as a function of a hypothetical rs with 
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rShypothetical> 0, and (2) the probability of observing 
a Spearman rank correlation value as low or lower than 
our observed value (rSobserved = -0.10) if there is a 
positive correlation with rShypothetical> 0: P(rs < 
rSobserved lrhypothetical > 0). The type II error is larger than 
P = 0.05 (see Fig. 2) only for hypothetical positive 
correlations of rshypothetical <0.28 (i.e. relatively weak 
correlations which would explain less than 8% of 
variation in ranks). Moreover, the probability P(rs < 

rSobservedlrShypothetical > 0) was larger than P = 0.05 (see 
Fig. 2) only for rShypothetical< 0.04 (i.e. for extremely 
weak correlations which would explain less than 0.2% of 
variation in ranks). This means that the probability of 
'missing' a positive correlation was smaller than 0.05 for 
all positive correlations stronger than rs = 0.04. Thus, 
the result 'no positive correlation' is very robust. 

The absence of any correlation between LRS and the 
use of short Agrostis/Festuca grassland was further tes- 
ted separately within 14 cohorts of hinds. In no cohort 
did hinds with a higher use of short Agrostis/Festuca 
grassland have a higher LRS (Spearman: P > 0.05 in all 
cases; sample sizes: 7-17 hinds in each cohort). Ana- 
lysing the data for Upper Glen, Kilmory and Shamhnan 
Insir separately, hinds with higher use of short Agrostis/ 
Festuca grassland did not have increased LRS within 
Shamhnan Insir (Spearman: cx < 0.017, rs = -0.4, 
P > 0.5; n = 28) or within Kilmory (Spearman: 
a < 0.017, rs = -0.1, P > 0.4; n = 67). Within Upper 
Glen (the area with a generally low use of short Agrostis/ 
Festuca grassland and a low hind density; see Materials 
and methods), hinds which used short Agrostis/Festuca 
grassland more tended to have a higher LRS but the 
trend was not significant (Spearman: ta<0.017, rs= 
0.45, P = 0.02, n.s.; n = 27). 

rs(hypothetical) 

Fig. 2 Type II error (Ho: rshypothetical = 0 and H1: rShypothetical > 0) 
for a Spearman rank correlation with n = 132 (broken line) and 
probability of observing rsobserved< -0.10, if rshypothetical > 0 (solid 
line) as functions of rshypothetical 

Components of LRS 

Neither reproductive lifespan or fecundity of individual 
hinds, nor summer survival of their male or female 
calves, winter survival of their female calves or survival 
of their female yearlings increased with the hinds' use of 
short Agrostis/Festuca grassland (Spearman: P > 0.5 in 
each case; n = 126-167 hinds). Moreover, winter sur- 
vival of male calves (Spearman: rs = -0.33, P < 0.01; 
n = 117) and survival of male yearlings (Spearman: 
rs = -0.30, P < 0.01; n = 103) were significantly 
lower for mothers who used short Agrostis/Festuca 
grassland to a larger degree. This difference remained 
after controlling for the cohort of the hind (winter sur- 
vival of male calves, Spearman: rs = -0.32, P < 0.01; 
n = 116; male yearling survival, Spearman: rs = -0.21, 
P < 0.05; n = 102). When we controlled for encoun- 
tered hind density or for part of the study area, winter 
survival of male calves and male yearling survival no 
longer decreased with mother's use of short Agrostis/ 
Festuca grassland (controlled for encountered hind 
density: winter survival of male calves, Spearman: 
rs = -0.18, P > 0.05, n = 116; male yearling survival, 
Spearman: rs = 0.06, P > 0.5, n = 101; controlled for 
part of study area: winter survival of male calves, 
Spearman: rs = -0.08, P > 0.3; n = 116; male year- 
ling survival, Spearman: rs = 0.02, P > 0.8, n = 102). 
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Further, analysing the data for Shamhnan Insir, Kilm- 
ory and Upper Glen separately, winter survival of male 
calves or survival of male yearlings was not significantly 
related to mother's use of short Agrostis/Festuca grass- 
land within any of the three areas (Spearman: P > 0.05 
in each case, sample sizes: 20-59 hinds). 

The only positive influence of use of short Agrostis/ 
Festuca grassland on hind reproduction was observed 
within Upper Glen: hinds in that area lived longer if they 
used short Agrostis/Festuca grassland to a larger extent, 
but this was not quite significant (Spearman: rs = 0.32, 
P = 0.03, n.s., since a = 0.017, n = 44). This was re- 
sponsible for the increased LRS of hinds with a high use 
of short Agrostis/Festuca grassland within Upper Glen 
(see above). 

Since male offspring survival was higher for hinds 
which used short Agrostis/Festuca grassland to a lesser 
extent, one might have expected hinds to adjust the sex 
ratio of calves accordingly (see Clutton-Brock et al. 
1981, 1986). However, the sex ratio of calves at birth did 
not change with the mother's use of short Agrostis/ 
Festuca grassland (Spearman: rs = 0.09, P > 0.3; 
n = 106). Subsequently, the sex ratio of calves surviving 
to 2 years of age did depend significantly on the moth- 
er's use of short Agrostis/Festuca grassland: the more a 
hind used short Agrostis/Festuca grassland, the more 
female biased was her LRS (Spearman: rs = 0.26, 
P = 0.01; n = 96). 

Did mean LRS differ among areas? 

Significant differences in LRS and its components were 
found among the three areas: Shamhnan Insir, Kilmory 
and Upper Glen (Table 1). These differences were due to 
higher winter survival of calves and yearlings, particu- 

Table I Differences in lifetime reproductive success (LRS) and its 
components between three different parts of the study area. The 
results of Kruskal-Wallis tests (including multiple pairwise com- 
parisons between treatments; see Siegel and Castellan 1988) for 
differences between areas are shown to the right. Note that sample 

larly of male calves and yearlings, in the low-density area 
Upper Glen. As a result, Upper Glen recruited more 
male offspring per hind into the population than 
Shamhnan Insir or Kilmory (for Kilmory, the difference 
was not quite significant: P = 0.07), although repro- 
ductive lifespan was shortest in Upper Glen. Thus, hinds 
were not distributed in an ideal free manner between 
areas with respect to LRS. 

Did daughters move away from their mother's ranges 
to increase their LRS? 

Daughters shifted the centre of their range away from that 
of their mother's centre very little (on average 312 m, see 
Table 2). Later-born daughters did not seem to be forced 
to leave their mother's range when that was 'filling up' 
with older daughters: no significant difference was found 
in the distance moved between Ist-, 2nd-, 
3rd-, 4th- and 5th-born daughters (Table 2). Few 
daughters moved out of the area in which their mother 
lived: of 39 daughters of Shamhnan Insir mothers, 4 
moved to Kilmory; of 77 daughters of Kilmory mothers, 
11 moved into Upper Glen and 1 moved elsewhere, and 
none of 20 daughters of Upper Glen mothers moved. 
There was no significant difference between areas in the 
proportion of daughters which moved out (X2 = 3.83, 
df = 2, P > 0.1, n.s.). However, the mean distance 
which daughters moved differed between birth places (see 
Table 2): daughters born in the high-density area 
Shamhnan Insir moved significantly less far away from 
their mothers than daughters born in the low-density area 
Upper Glen. 

When daughters moved away from their mothers, 
they decreased their use of short Agrostis/Festuca 
grassland: the distance moved from the mother was 

sizes differ slightly for each row; e.g. for LRS, mule ofpring, the 
hinds were included in the analysis for which the fate of all their 
male offspring was known; for total LRS, the hinds were included 
for which the fate of all their offspring was known. Results are the 
mean ± SD 

Shamhnan Insir Kilmory Upper Glen Kruskal-Wallis Significant results of 
(SI) (K) (UG) test (P) pairwise comparisons 

Minimum sample size* 28 67 27 
LRS 1.29 ± 1.18 2.08 ± 2.08 2.63 ± 2.08 <0.05 SI < UG 
LRS, female offspring 0.67 ± 0.88 1.22 ± 1.15 1.06 ± 1.13 n.s. 
LRS, male offspring 0.58 + 1.06 0.92 + 1.38 1.25 + 1.32 <0.05 SI <UG 
Lifespan 11.2 ± 4.4 10.7 ± 3.9 9.2 ± 4.3 <0.05 UG<SI and K 
Fecundity 0.45 ± 0.21 0.52 ± 0.15 0.46 ± 0.17 n.s. 
Summer female calf survival 0.89 + 0.19 0.85 ± 0.28 0.96 ± 0.11 n.s. 
Summer male calf survival 0.84 ± 0.25 0.89 ± 0.22 0.89 ± 0.28 n.s. 
Winter female calf survival 0.52 ± 0.41 0.76 ± 0.32 0.91 ± 0.19 <0.01 SI < K and UG 
Winter male calf survival 0.45 ± 0.36 0.51 ± 0.39 0.88 ± 0.24 <0.001 SI < UG, K < UG 
Female yearling survival 0.63 + 0.42 0.86 ± 0.30 0.95 ± 0.20 <0.01 SI< UG 
Male yearling survival 0.55 ± 0.48 0.69 ± 0.43 0.97 ± 0.10 <0.01 SI < UG, K < UG 
Female proportion at birth 0.42 ± 0.22 0.49 ± 0.28 0.42 ± 0.39 n.s. 
Female proportion at 2 years 0.56 ± 0.48 0.61 ± 0.37 0.42 ± 0.33 n.s. 

* Note: sample sizes differ between rows; e.g., for LRS, male offspring all hinds were included for which the fate of their male offspring was 
known, while for total LRS only hinds were included for which the fate of all their offspring was known 
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Table 2 Distances of daugh- 
ter's range centre from mother's 
range centre 

Mean (± SD) 
distance of daughter's range centre 
from mother's range centre 

Ist-born daughter 
2nd-born daughter 
3rd-born daughter 
4th-born daughter 
5th-born daugher 
Differences between 1st- to 

5th-born daughters 
Daughters, whose mother's range 

is in Shamhnan Insir 
Daughters, whose mother's range 

is in Kilmory 
Daughters, whose mother's range 

is in Upper Glen 
Differences between areas 

5- 

4- 

3- 

2- 

n=67 

n=102 

- 

0- 
<312m >312m 

Fig. 3 Mean lifetime reproductive success (LRS) of daughters which 
moved less or more than average away from their mother's range 

significantly negatively correlated with the relative dif- 
ference in use of short Agrostis/Festuca grassland be- 
tween daughter and mother [relative difference = 

(daughter's use-mother's use)/(daughter's use + moth 
er's use); Spearman test: rs = -0.26, t = -3.22, P < 
0.005, n = 146]. However, the LRS of daughters in- 
creased significantly with the distance moved from the 
mother (Spearman test: rs = 0.23, t = 3.10, P < 0.002, 
one-tailed, n = 169), so that daughters which moved 
more than average (>312 m) had a significantly higher 
LRS than daughters which moved less than average 
(Mann-Whitney test: z = 2.33, P < 0.01 one-tailed, 
m = 67, n = 102; see Fig. 3). This was due to increased 
survival to 2 years of offspring of daughters who moved 
further away from their mothers (Spearman test: 
rs = 0.36, t = 4.82, P < 0.0005 one-tailed, n = 162). 

146 
76 
38 
19 
6 

39 

77 

20 

277 ± 320 
296 ± 321 
380 ± 415 
468 + 440 
454 ± 516 
Kruskal-Wallis test: 
P > 0.1 (n.s.) 
172 ± 162 

300 ± 378 

411 ± 315 

Kruskal-Wallis test: P < 0.05 
Pairwise comparison: Shamhnan 

Insir < Upper Glen 

Discussion 

As predicted, there was no positive correlation between 
use of short Agrostis/Festuca grassland (i.e. high-quality 
forage habitat) by individual hinds and either their life- 
time reproductive success or its components. This result 
differs from that of Iason et al. (1986), who found that 
hinds in the Intermediate area on Rum (which was not 
examined in the present analysis, since data on lifetime 
reproduction were too scarce) had an increased repro- 
ductive rate if they used short Agrostis/Festuca grassland 
to a large extent. However, Iason et al. (1986) did not 
measure LRS. Besides, the situation in the Intermediate 
area was exceptional, since hind density was very low and 
gull colonies fertilized the few, small areas of short 
Agrostis/Festuca grassland with large amounts of phos- 
phorus and nitrogen, so that these areas were unusually 
productive. In spite of the absence of a positive effect, 
individual hinds in our study area increased their use of 
short Agrostis/Festuca grassland when they had calves. 

We found that the survival of male offspring even 
decreased with increasing use of short Agrostis/Festuca 
grassland by their mothers. This negative relationship 
vanished if one controlled for hind density. So this result 
was because areas with large amounts of short Agrostis/ 
Festuca grassland attracted large numbers of hinds (see 
Materials and methods), and reproductive disadvan- 
tages of high hind densities (see Clutton-Brock et al. 
1985) seemed to outweigh the reproductive advantages 
of access to better-quality food. We conclude that hinds 
were distributed with respect to LRS in an ideal free 
manner between different habitat types. Gustafsson 
(1989) reported a similar result: he found no correlation 
between LRS and habitat quality in his study on col- 
lared flycatchers and suggested that this was due to in- 
creased density of flycatchers in areas with rich habitat. 

However, our analysis emphasizes the extent to which 
the relationship between fitness and habitat use may 
vary with spatial scale: on a larger scale than that on 
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which habitat types occurred, the distribution of hinds 
with respect to LRS was not ideal free. Upper Glen had 
a significantly higher mean LRS than Shamhnan Insir 
and a trend to higher mean LRS than Kilmory, partic- 
ularly with respect to surviving male offspring. 

To examine whether dispersal constraints prohibited 
an ideal free distribution on a large scale, we investigated 
dispersal patterns of daughters. In general, hinds did not 
move their range centre far from that of their mother's 
and usually remained within their birth area, although 
there was no evidence that staying close to the mother's 
range was of reproductive advantage. On the contrary: 
distance moved was positively correlated to LRS due to 
increased offspring survival. Thus, dispersal appeared to 
be limited and might be responsible for the variation in 
LRS between areas. If hinds moved further away from 
their mothers, they moved to areas where they had less 
access to short Agrostis/Festuca grassland, but better 
offspring survival, which increased their LRS (alterna- 
tively, the positive correlation between distance moved 
and LRS could be due to 'better' daughters having 
higher LRS and moving further; however, we are then 
left with the question of why 'better' daughters should 
move further, if not to improve their LRS). Factors 
which limit the dispersal of hinds could be (a) social 
constraints (red deer rely on grouping as anti-predator 
strategy, and hinds might not readily be accepted into 
unfamiliar groups; Clutton-Brock et al. 1982; Conradt 
1998); (b) dispersal risks, and (c) the disadvantage of 
having to discover the best foraging, sheltering and 
safest sites anew in an unfamiliar area. These factors 
might outweigh the benefits of moving. 

To summarize, as predicted for non-territorial animals, 
the LRS of red deer hinds was not positively correlated to 
their use of high-quality habitat (i.e. short Agrostis/Fes- 
tuca grassland). Thus, on a small spatial scale (vegetation 
communities), hinds were distributed with respect to LRS 
in an ideal free manner, as predicted for non-territorial 
species. However, hinds were not distributed in an ideal 
free manner with respect to LRS on a larger scale. It 
seemed that limitations on hind dispersal like social con- 
straints, dispersion risks and the disadvantages of using an 
unfamiliar area were prohibiting dispersal on a larger 
scale, and hence an ideal free distribution. 

Acknowledgements We thank Tim Roper for comments on an 
earlier draft of the present paper. The study was supported by 
grants from NERC, DAAD and EU (HCM). 

References 

Birkhead T, Goodburn S (1989) Magpie. In: Newton I (ed) Life- 
time reproductive success in birds. Academic Press, London, pp 
173-182 

Bryant DM (1988) Lifetime reproductive success of house martins. 
In: Clutton-Brock TH (ed) Reproductive success. University of 
Chicago Press, Chicago, pp 173-188 

Clarke JL, Welch D, Gordon IJ (1995) The influence of vegetation 
pattern on the grazing of heather moorland by red deer and 
sheep. I. The location of animals on grass/heather mosaics. 
J Appl Ecol 32:166-176 

Clutton-Brock TH (1988) Reproductive success. University of 
Chicago Press, Chicago 

Clutton-Brock TH, Albon SD, Guinness FE (1981) Parental in- 
vestment in male and female offspring in polygynous mammals. 
Nature 289:487-489 

Clutton-Brock TH, Guinness FE, Albon SD (1982) Red deer: be- 
haviour and ecology of two sexes. University of Chicago Press, 
Chicago 

Clutton-Brock TH, Major M, Guinness FE (1985) Population 
regulation in female and male red deer. J Anim Ecol 54:831- 
846 

Clutton-Brock TH, Albon SD, Guinness FE (1986) Great expec- 
tations - dominance, breeding success and offspring sex ratios 
in red deer. Anim Behav 34:460-471 

Clutton-Brock TH, Iason GR, Guinness FE (1987) Sexual 
segregation and density related changes in habitat use in fe- 
male and male red deer (Cervus elaphus L.). J Zool [Lond] 
211:275-289 

Clutton-Brock TH, Thomson D, Covey C (1997) Monitoring of red 
deer changes on Rum. Progress report no NCLS 024/97/UPB, 
Scottish National Heritage 

Conradt L (1997) Causes of sex differences in habitat use in red 
deer (Cervus elaphus L.). PhD thesis, University of Cambridge 

Conradt L (1998) Could asynchrony in activity between the sexes 
cause intersexual social segregation in ruminants? Proc R Soc 
Lond B 265:1359-1363 

Fretwell SD (1972) Populations in a seasonal environment. 
Princetown University Press, Princetown, NJ 

Fretwell SD, Lucas HJ (1970) On territorial behaviour and other 
factors influencing habitat distribution in birds. Acta Biotheor 
19:16-36 

Gordon IJ (1986) The feeding strategies of ungulates on a Scottish 
moorland. PhD thesis, University of Cambridge 

Guinness FE, Clutton-Brock TH, Albon SD (1978) Factors af- 
fecting calf mortality in red deer. J Anim Ecol 47:817-832 

Gustafsson L (1989) Collared flycatcher. In: Newton I (ed) Lifetime 
reproductive success in birds. Academic Press, London, pp 75- 
84 

lason GR, Duck CD, Clutton-Brock TH (1986) Grazing and re- 
productive success of red deer: the effect of local enrichment by 
gull colonies. J Anim Ecol 55:507-515 

Langvatn R, Albon SD, Burkey T, Clutton-Brock TH (1996) Cli- 
mate, plant phenology and variation in age of first reproduction 
in a temperate herbivore. J Anim Ecol 65:653-670 

Newton 1 (1989) Lifetime reproduction in birds. Academic Press, 
London 

Osborne BC (1984) Habitat use by red deer (Cervus elaphus L.) and 
hill sheep in the West Highlands. J Appl Ecol 21:497-506 

Packer C, Herbst L, Pusey A, Bygott J, Hanby J, Cairns S, Mulder 
M (1988) Reproductive success of lions. In: Clutton-Brock TH 
(ed) Reproductive success. University of Chicago Press, Chi- 
cago, pp 363-383 

Parker GA (1970) The reproductive behaviour and the nature of 
sexual selection in Scatophaga stercoraria L. 1. The fertilization 
rate and the spatial and temporal relationships of each sex around 
the site of mating and oviposition. J Anim Ecol 39:205-228 

Patridge L (1988) Lifetime reproductive success in Drosophila. In: 
Clutton-Brock TH (ed) Reproductive success. University of 
Chicago Press, Chicago, pp 11-23 

Rose KE (1995) Factors affecting lifetime reproductive success in 
red deer stags (Cervus elaphus). PhD thesis, University of 
Cambridge 

Rowley I, Russell E (1989) Splendid fairy-wren. In: Newton I (ed) 
Lifetime reproductive success in birds. Academic Press, Lon- 
don, pp 233-252 

Saurola P (1989) Ural owl. In: Newton I (ed) Lifetime reproductive 
success in birds. Academic Press, London, pp 327-346 

Siegel S, Castellan NJ (1988) Nonparametric statistics for the be- 
havioural sciences. McGraw-Hill, New York 

Van Soest PJ (1982) Nutritional ecology of the ruminant. O&B, 
Corvallis 

This content downloaded by the authorized user from 192.168.52.61 on Wed, 12 Dec 2012 04:11:51 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. [218]
	p. 219
	p. 220
	p. 221
	p. 222
	p. 223
	p. 224

	Issue Table of Contents
	Oecologia, Vol. 120, No. 2 (1999), pp. 171-310
	Front Matter
	Ecophysiology
	Leaf Natural N Abundance and Total N Concentration as Potential Indicators of Plant N Nutrition in Legumes and Pioneer Species in a Rain Forest of French Guiana [pp. 171-182]
	Foliage Physiology and Biochemistry in Response to Light Gradients in Conifers with Varying Shade Tolerance [pp. 183-192]
	The Relative Roles of Phylogeny, Body Size and Feeding Style on the Activity Time of Temperate Ruminants: A Reanalysis [pp. 193-197]
	Carbohydrate Storage and Use in an Alpine Population of the Perennial Herb, Oxytropis sericea [pp. 198-208]
	Predawn Disequilibrium between Plant and Soil Water Potentials in Two Cold-Desert Shrubs [pp. 209-217]

	Population Ecology
	The Relationship between Habitat Choice and Lifetime Reproductive Success in Female Red Deer [pp. 218-224]
	Demographic and Genetic Invasion History of a 9-Year-Old Roadside Population of Bunias orientalis L. (Brassicaceae) [pp. 225-234]
	Early Reproductive Failure Increases Nectar Production and Pollination Success of Late Flowers in South Andean Alstroemeria aurea [pp. 235-241]
	Effects of Temperature on Performance and Phenotypic Selection on Plant Traits in Alpine Ranunculus acris [pp. 242-251]
	Choice of Hunting Site as a Consequence of Experience in Late-Instar Crab Spiders [pp. 252-257]
	Body Size Dimorphism and Sexual Segregation in Polygynous Ungulates: An Experimental Test with Soay Sheep [pp. 258-267]

	Plant Animal Interactions
	Effects of Genetic Structure of Lupinus arboreus and Previous Herbivory on Platyprepia virginalis Caterpillars [pp. 268-273]
	The Pollen Beetle, Meligethes aeneus, Changes Egg Production Rate to Match Host Quality [pp. 274-278]

	Ecosystems Ecology
	Population- and Ecosystem-Level Effects of Predation on Microbial-Feeding Nematodes [pp. 279-286]

	Community Ecology
	Resource Partitioning between Sympatric Wild and Domestic Herbivores in the Tarangire Region of Tanzania [pp. 287-294]
	Effects of Elicitation Treatment and Genotypic Variation on Induced Resistance in Populus: Impacts on Gypsy Moth (Lepidoptera: Lymantriidae) Development and Feeding Behavior [pp. 295-303]

	Conservation Ecology
	Foraging Ecology of the California Gnatcatcher Deduced from Fecal Samples [pp. 304-310]

	Back Matter



