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Foraging ecology of feral goats on the Isle of Rum, NW Scotland
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Abstract: We studied foraging ecology of feral goats ( Capra hircus) on the Isle of Rum, Scotland, from June to November 2000.
Grazing bout length varied greatly from 1 min to 460 min with mean duration being 103. 1 £15.0 (SD) min. Adult males and females
differed marginally significantly in feeding bout length with females having relatively longer feeding bouts (P =0. 077). The average
bite rate for feral goats was 46.3 + 0.6 bites/min with significant variations between sexes ( P =0.023) and among months (P <
0.001). Adult males had faster bite rates during pre— ( June-July) and post—rutting ( October-November) periods than during rutting
period ( August-September) (P <0.008) , but the bite rate of adult females during pre—utting period was not different from that during
rutting period (P =0.327). Adult males also spent significantly less daytime feeding during rutting period. The differences in bite
rates and feeding time between the two sexes might result in sexual differences in forage intake by feral goats : females had relatively sta—
ble intake, but males fluctuated greatly in their forage intake. The estimated forage intake decreased from June to November ( although
a slight increase from September to November), which means that feral goats on Rum may be in negative energy balance during au-
tumn/winter period when the quality of forage is lower and the weather is beginning to deteriorate. There was no significant difference in
step rate while feeding between sexes or among months.
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Foraging is the dominant activity of free—ranging

Brock et al. , 1982; Owen-Smith and Novellie, 1982

ungulates, and they typically devote 40% - 60% of
each day to finding and consuming food ( Clutton-Brock
et al. , 1982; Hanley, 1984 ). Although ungulate for—
aging behaviour has been studied in some detail, most
of this has focused on the classic problems of optimal
foraging theory, namely forage choice, patch choice
and forage intake rate (see, for example, Leuthold,

1977; Novellie, 1978 ; Owen-Smith, 1979 ; Clutton—

Collins and Urness, 1983; Arnold, 1987; Illius and
Gordon, 1987 ; Hester et al., 1996; Ruckstuhl and
Festa-Bianchet, 1998; Langvatn and Hanley, 2000;
Neuhaus and Ruckstuhl, 2002 ; Taweel et al. , 2004 ;
Chilibroste et al. , 2008).

Within the framework of optimal foraging theory
(Pyke et al. , 1977; Pyke, 1984 ), there has been

a particular interest in the relationship between intake
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rate and various extrinsic and intrinsic factors (inclu-
ding vegetation availability and quality, physical sta—
tus, foraging apparatus, etc. ) (Ungar and Noy-Meir,
1988 ; Gordon and Ilius, 1992; Gordon, 1995; Nelle—
mann, 1997). However, the difficulty of studying the
processes of foraging and ingestion in wild ungulates
has meant that much of this work has been carried out
on captive or domesticated animals ( e. g. Gordon
et al. , 1996 ; Taweel et al. , 2005 ; Chilibroste et al. ,
2008). Studies of domesticated species grazing on sim—
ple, uniform pastures can give only a general guide as
to how freeranging animals behave because the rela—
tionship between food requirement, grazing behaviour
and the availability of forage in natural habitat is more
complex and multivariate ( Arnold, 1970; Hodgson,
1977, 1981 ; Stronge et al. , 1997; Harvey et al. ,
2003; Rook and Tallowin, 2003; Taweel et al. ,
2005 Chilibroste et al. , 2008 ; Zhang et al. , 2008).

In many ungulate species, the adult females are
considerably smaller than adult males and generally
have a higher energy requirement than males ( Owen-—
Smith, 1988; Weckerly, 1998 ).
iour, together with diet selection, determines the nutri—
ent intake of the animals ( Prache et al. , 1998). For—
age intake can be described as the product of bite size,
bite rate, and feeding time ( Shipley et al. , 1994 ).
Although bite size may have the greatest influences on
short-term intake (Forbes, 1989) , the amount of food
an individual ruminant ingests per day depends on the

Foraging behav-

time spent feeding and the rate at which it can crop for-
age ( Spalinger and Hobbs, 1992 ). In addition to
measurements of bite size and total time spent feeding
(Ruckstuhl et al. , 2003; Shi et al. , 2003 ), bite
rates are also an important measure for determining in—
take rates of ungulates (Ruckstuhl et al. , 2003 ; Har-
vey et al. , 2003 ; Chilibroste et al. , 2008 ). The time
available for foraging and the bite rate may limit an in—
dividual’ s daily forage intake and therefore affect its
( Ruckstuhl et al.

2003). In addition to satisfying its daily food require—

body condition and survival
ments, ruminants in northern or mountain environments
must accumulate enough fat during the growing season
to reproduce and to survive the seasonal shortage of
food during winter ( Bruno and Lovari, 1989).

Feral goats in Rum start rutting mainly in August
and September and females give births to kids mainly
in late January and February ( Gordon et al., 1987;
Dunbar et al. , 1990; Lloyd, 2003 ). The goats spend
night time resting at sheltered places or caves on the
beach (Shi et al. , 2003) , so the daylength available
for feeding by goats may limit their forage intake.

The aim of this study was to investigate foraging e—

cology of feral goats ( Capra hircus) on the Isle Rum

with focus on measuring several key parameters ( e. g.
feeding bout length, bite rate, feeding time, etc. )
which have important role in determining their forage
We predicted that there should be sexual

differences in foraging ecology for goats and the adult

intake.

females should have longer feeding bout length and
higher bite rates, and the rutting behaivour may have
impact on foraging behaivour and ecology.
1 Methods

This study was carried out on the Isle of Rum,
northwest Scotland, from June to November 2000 (in-
clusive). Rum has been described in detail by Clut-
ton-Brock et al. (1982) and Clutton-Brock and Ball
(1987).
coast of Scotland, and fell into four regions correspond-—
The lower

ground was predominantly covered by moorland com-

The vegetation of Rum was typical of west—
ing with the main geological formations.

munities of the Calluna-Molinia, Calluna-Trichopho-
rum , Eriophorum-Calluna, and Molinia flush types.
Agrostis—4estuca grassland, important for feral goat
grazing , was abundant in coastal and alluvial areas and
on certain of the basic rocks. Molinia was overwhelm—
ingly the dominant plant. Calluna and bogs were e-
qually distributed ( Clutton-Brock et al. , 1982). The
production and quality in different plant communities
on Rum changed greatly with the seasonal changes in
climate and day length. The biomass of live materials
of grasses, herbs, rushes ( Juncus acutiflorus) and
dwarf shrubs ( predominantly Calluna vulgaris, Erica
spp- , Vaccinium spp.) began to increase between A-—
pril and May, and reached a peak around August. The
biomass decreased until February and March ( see
Clutton-Brock et al. , 1982; Gordon, 1989).

The population of feral goats on the Isle of Rum
lives in a typical northern range with significantly sea—
sonal variations in daylength, weather, and in biomass
and nutrition of vegetation ( Clutton-Block et al. ,
1982; Gordon, 1989 ). No one knows for sure when
the goats were first brought to Rum, but they were
probably brought as domestic stock some time before
the clearances in 1828 because Pennant recorded the
presence of wild goats on the Island (Rum) as early as
1770s ( Gordon et al. , 1987). About 450 inhabitants
on Rum were forced to leave for Canada in 1828, and
they might have left their domestic goats behind them.
These goats may be the ancestors of the current feral
goat population on Rum today.

Feral goats are social animals and live in social u—
nits known as hefts, which are widely believed to be a
matriarchal social organization ( Dunbar et al. , 1990;
Lloyd, 2003). A heft consists of a group of closely as—
sociated females and their kids and a similar number of

loosely associated males. Females are strongly hefted to
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a particular area although goats are not territorial and
therefore do not actively defend these areas. Male goats
are also hefted although not as strongly as females and
they are known to interact with individuals from other
hefts especially during the rut ( Dunbar et al. , 1990;
Lloyd, 2003 ). Males and females are sexually segre—
gated for most of the year and stick to different areas
within the heft range usually only coming together a few
months in the year during the rut ( Shi et al. , 2005).
Feral goat males usually use a tactic called tending, in
which they defend oestrous females from other males.
Males may also use a second mating tactic called cours—
ing, in which they gain access to oestrous females by
disturbing a tending pair ( Saunders et al. , 2005).

There have been unfortunately no accurate data on
body mass of the feral goats on Rum, but it is believed
that the adult males are about 10% - 20%
than females with other populations of feral goats across
the Great Britain as a reference ( Whitehead, 1972;
Gordon et al. , 1987).

The main study area was a section of cliffline on

heavier

the west coast of Rum from Harris to Wrecker Bay that
contained a relatively stable population of feral goats.
However, the results reported here were based on a
subset of this population whose ranging area was loca—
ted within Harris bay (at the southern end of the main
study area) where observation conditions were signifi—
cantly better than other places and the animals could
be approached to within 10 m (please see Shi et al. ,

2003 for details) (Fig. 1).
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Fig 1

study area along the western coastal line from Harris to Glen Guirdil.

Map of the Isle of Rum, Scotland to show the location of the

(Map was taken from Virtanen
(2002) with slight modification) .

The main study area was at Harris.

et al.

Because coat colour and horn shape are highly

1987;
1990) , all 189 goats within the study population were

variable ( Gordon et al. Dunbar et al. ,
known individually. Age determination was made by
horn ring counts with one ring being produced in each
year of an animal’ s life ( Greig, 1969 ; Bullock and
Pickering, 1984 ). For present purposes, an individual
was classified as an adult if it was older than 2 years of
age. Individual animals could be sexed easily on the
basis of horn shape and size.

Data on bite rate and step rate were collected u—
sing focal sampling method (Altmann, 1974; Martin
and Bateson, 1993) . individual feeding animals were
randomly chosen from a group and observed for a peri—
od of 5 minutes. Records were made of the number of
bites and steps taken during the 5 minutes. All the ob-
servations were made through a telescope in order to
count the numbers as accurately as possible. A beeper—
watch was used to keep the timing, and a portable
counter was used to help record the number of bites
while counting the number of steps.

Bite rate was indexed as bites per minute. Bites
were recognized by a characteristic jerk of the head.
Jaw movements alone were not considered bites be-
cause they were often used just to manoeuver food into
position for the bite or just to chew food in mouth while
feeding or ruminating. Step rate was indexed as steps
per minute. A step was defined as an occasion when a
goat moved either of its front legs forward during feed-
ing. Step rate expressed the animal ’s rate of movement
while feeding.

Although many studies of domestic ungulates spe—
cies use bite rate and bite size ( Stobbs, 1973a,
1973b; Forbes and Hodgson, 1985; Arnold, 1987;
Armstrong et al. , 1995) to measure food intake rate,
estimating bite size is difficult for freewranging ungu-
lates. An attempt was made to estimate bite size for the
feral goats by “hand-plucking” forage ( Hudson and
Watkin, 1986 ) ; however, since this seemed to pro—
duce very misleading values (see also Parker and Gil-
lingham, 1993) , we prefered to use estimates of bite

size derived from studies of domesticated sheep and
goats ( Solanki, 1994 ; PérezBerberia and Gordon,
1999). Following the methods of Solanki (1994) and
Pérez—Berberia and Gordon (1999 ), the daily forage
intake was estimated by using the following formula
(1):

Intake (g) = foraging time (min) X bite num—
ber/min x bite size ( g/bite)

Instantaneous scan samples were taken at 10-mi-
nute intervals among groups ( Altman, 1974; Martin
and Bateson, 1993) to measure the percentage of day—
time spent in feeding (see Shi et al., 2003 for de-
tails). The activities of all the group individuals were
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instantaneously recorded by scan sampling at 10-min
intervals. One behavioral sample was defined as an ob—
servation started when a group of feral goats was found
until the group size changed or the group ran out of
sight. The percentages of feeding were calculated for
each behavioral sample and then averaged over individ—
ual months and sexes to acquire the percentage of day—
time spent in feeding.

The values for daylength on the 15th day of each
month were calculated from the equation available at
http: //www. gpais. co. uk/modb-ec/dayleng. him.

As with other ungulates (e. g. red deer Cervus ele-
phus) , the feeding behaviour of the feral goats occurs
in temporal clusters ( referred to as bouts) in which the
same relatively brief feeding action is repeated several
times in succession. In order to measure feeding bout
length , a particular individual was watched continuous—
ly for as long as possible ( mean observation duration:
108 £27 min, n = 179; the longest continuous obser—
vation was about eight hours). When an animal was
selected for observation, its activity was recorded at
60-sec intervals by focal animal sampling with time-
sampling ( Martin and Bateson, 1993 ). Every effort
was made to avoid allowing subjects to move out of
sight. However, partly because the focal animal inevi—
tably spent some time out of sight (or disappeared from
sight altogether) , and partly because the harsh weather
(especially during the later stages of the study) made
it unbearable to observe the subject for long time with—
out moving, many watches were for incomplete days.
Only those bouts longer than 20 minutes were included
in our later analyses (n =158 as shown in Results sec—
tion) (see Clutton-Brock et al, 1982) , and thus the
feeding bout length may be overestimated.

Because feeding bouts are not always obviously
discrete , a statistical criterion must be used to define a
single bout of behaviour. One commonly used tech-
nique for identifying bout length is log survivorship a-—
nalysis ( see Slater, 1974; Clutton-Brock et al. ,
1982 ; Martin and Bateson, 1993 ; Zhang, 1996). The
minimum interval separating successive bouts is defined
as the bout criterion interval ( BCI) ; any gap between
successive occurrences of the behaviour that is less
than the BCI is treated as a within-bout interval , while
all gaps greater than the BCI is treated as between-bout
intervals.

All the observations were carried out during the
daytime between 07: 00 and 20: 00, and we attemp-—
ted to observe the goats evenly over the daytime hours
and to sample equally between both sexes.

In order to minimize the risk of non-independent
samples, the behavioural data were never recorded on

more than two focal animals from the same group dur—
ing the same day, nor was the same animal observed
twice on the same day. Although a few individual ani-
mals were sampled more than once during the whole
study period, it is unlikely that observations of the
same animals on different days in different environ—
ments and behavioural contexts were strongly autocorre—
lated ( Molvar and Bowyer, 1994).

We used ANOVA to analyze the variation in the
foraging ecology of feral goats. All data were first ex—
amined for normality using one-sample Kolmogorov—
Smirnov tests. If the data were not normally distribu—
ted, appropriate transformations were performed in or—
der to meet the requirements of parametric tests. All
the analyses and statistics were carried out with SPSS
10. 0 (Kinnear and Gray, 2000).

2 Results

The cumulative frequency of gap lengths (on a
logarithmic scale) from 158 continuous observation ses—
sions on adult goats was plotted against the correspond—
ing gap length (on a linear scale) , as shown in Fig. 2.
The distribution of gap lengths was composed of two
main parts. The first part decreased rapidly and repre—
sented the gaps within a feeding bout; the second de-
creased smoothly and represented the gaps between
feeding bouts. The two parts met at a gap length of a—
bout 7 min, suggesting that all gaps between occur—
rences of feeding behaviour of less than this length
should be included within the same feeding bout. A to—
tal of 307 feeding bouts was thus identified by this
method and the mean duration of the feeding bouts
wasl03.1 £ 15.0 (SD) min, with bout lengths var-
ying between 1 and 460 min.

Log frequency

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Duration of gaps between feeding records (min)

Fig. 2 Log survivorship of time intervals between successive feeding
activities for feral goats. Log ( N) is the logarithm of the frequency of
intervals greater than the corresponding value of time interval. BCI is
the bout criterion interval, an objective estimate of the minimum in-

terval that distinguishes separate feeding bouts.

Fig. 3 shows that the duration of feeding bouts was
shorter for adult males than for adult females in each
month, and two-way ANOVA showed that there was
marginally significant difference in the mean duration
of feeding bouts between the two sexes (90.3 £6.4 SE
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min for males vs. 111. 3 +7. 5 SE min for females. n,
=133, n, =174) (F, 5 =3.161, P =0.077), and
the mean duration varied significantly with month
(Fs 56 =5.940, P <0.001). There was no interactive
effects between month and sex (F;,, =1.267, P =
0.278). Bouts increased in length from June to No-—
vember for both males and females, except in Septem—
ber when feeding bout length decreased sharply for

both sexes.
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respect to sex and month. Error bars show standard deviation of

Variation in feeding bout length for feral goats on Rum with

means.

The average bite rate for feral goats was 46.3 +
0.6 bites/min (SD), based on a total of 346 samples
from adults. Two-way ANOVA indicated that the aver—
age bite rate was faster in adult females than in adult
males (47.0 £0.7 vs. 44.9 £ 1.1 bites/min, n, =
229, n, =117. Fi 35 =7.665, P=0.023) , and bite
rates were higher in October and November than in oth—
er months (Fs,;5 =7.673, P <0.001). There was
only a marginally significant two-way interactions be-—
tween sex and month (Fs s =1.823, P =0.094).
(Fig. 4).

60 - [] Male
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Fig. 4 Variation in feeding bite rate for feral goats on Rum with re—

spect to sex and month. Error bars show standard deviation of

means.

In a further analysis which re-grouped the months
into pre—rutting (June-July) , rutting ( August-Septem—
ber) and post—utting ( OctoberNovember) periods,

we found that both males (F,,, = 17.305, P <
0.001) and females (F,,; =20.958, P <0.001)
changed their bite rates greatly with these periods. The
post-hoc tests showed that males fed markedly faster in
both pre—and post—rutting periods than during the rut-—
ting period (P <0.008) , but females didn’t feed fas—
ter during presutting than during rutting ( P =
0.327). Females fed faster during post—rutting period
than during pre—rutting and rutting periods ( P <
0.001).

We found no difference in step rates between the
sexes (10.6 0.5 steps/min for males vs. 10.3 0.3
steps/min for females, n, =117, n, =229; ANOVA
Fiu =0.572, P =
0.452). Step rates differed significantly among months
(Fig. 5: F 55 =2.409, P =0.037). There were no
significant interactions between the two factors (Fj s
=1.421, P=0.246).

The percentage of daytime spent feeding and the

on arcsin-transformed data:

total amount of daytime spent feeding were calculated
over the study period and were plotted in Fig. 6 (see
also Shi et al. , 2003 ; Shi et al. , 2005 ).
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Fig. 5 Variation in step rate of feeding feral goats on Rum with re—

spect to sex and month. Error bars show standard deviation of

means.
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Fig. 6 Variations in mean monthly feeding time (solid lines) and

percentage of daytime spent feeding ( dashed lines) by adult male

and female feral goats on Rum from June to November 2000.

Following the formula (1) described in Methods
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and using estimates of the daytime spent feeding given
in Fig. 6, the bite rates observed in this study ( shown
in Fig. 4), and values of bite size (weight of plant
material removed per bite) available for caprines from
the literature ( males = 0.09 g/bite, females = 0. 07
g/bite: Solanki, 1994; PérezBerberia and Gordon,
1999) , we calculated the intake values as shown in
Fig. 7. Daily forage intake varied significantly with
both month (F; .5 =49.582, P <0.001) and sex
(Fi s =103.917, P<0.001). Adult female goats on
Rum had relatively stable forage intakes from June to
November, but males’ forage intake fluctuated consid—
erably. Across the period June-November, males had
slightly higher average daily forage intake than females
(1.72 £0. 14 kg vs. 1.45 £0.08 kg, n, =117, n, =
229, F, 45 =103.917, P <0.001) , but this is princi—
pally because they had very much higher intakes during
the pre—rut period in June and July. Male intake levels

were lower than that for females during the rut (Sep-
tember in 2000) .

35 1

—O— Male
25 —8— Female

Forage intake (kg)

Jun. Jul. Aug. Sep. Oct. Nov.

Fig. 7 Estimates of forage intake (kg/day) for male and female fe—
ral goats on Rum between June to November 2000. Intake was esti—
mated by multiplying average feeding time, bite rate and bite size
(see text for details). Error bars represent standard deviation of

means.

3 Discussion

Like many other ungulate species (e. g. red deer:
CluttonBrock et al. , 1982 ; bighorn sheep Ouvis cana—
densis ;: Ruckstuhl and Festa-Bianchet, 1998 ; Chinese
water deer Hydropotes inermis: Zhang, 1996; etc),
the behaviour of feral goats on Rum was characterized
by periods of grazing interrupted by other activities
such as resting, moving, and rumination. In this stud-
y, grazing bout length increased steadily between June
and November, presumably reflecting the combination
of declining day length in which to feed, declining for—
age quality, and the increasing energy demands of
thermoregulation ( Gordon, 1989; Armstrong et al. ,
1995; Zhang, 1996 ).

trend occurred during September, when feeding bouts

The only exception to this

of both males and females were shorter than at any oth—

er time during the study. This can be attributed to the
rut, which began in late August and lasted until early
October ( Shi et al. , 2003 ). During the rut, males
frequently interrupted their grazing behaviour to engage
in rutting activities (fighting with other males or tend—
ing females) (Pers. Observ. Lloyd, 2003). Although
female goats were invariably disturbed by the males’
altentions, it seems that the impact on their foraging
patterns was much less. This is probably because indi-
vidual females only suffer from the attentions of the
males for the day or so when they are actually in oes—
trus, whereas the males are collectively engaged in rut—
ting behaviour throughout the period of the rut ( Dunbar
et al. , 1990 ; Lloyd, 2003).

The marginal difference in feeding bout leanth be—
tween the two sexes of Rum goats is mirrored in similar
findings from another study with Chinese water deer by
Zhang (1996). Zhang (1996) reported a significant
difference in grazing bout length between sexes for Chi-
nese water deer, which he attributed to the higher nu-
tritional requirements of the male deer due to intensive
territorial defense. Given the sex difference in body
mass among the Rum goats (10% —20% ), we might
have expected a similar effect. That we did not find a
significant one suggests that the explanation may lie
elsewhere (e. g. lack of territorial defense by males).

Feral goats on Rum had bite rates (46.6 bites/
min pooled together) that were within the range repor—
ted for some other ungulates (red deer on Rum, 50 -
60 bites/min; CluttonBrock et al., 1982; goats on
semi-arid Indian pastures, 40.4 bites/min: Solanki,
1994). However, Chinese water deer at Whipsnade
Zoo park had much higher bite rates (92. 4 bites/min
in males and 91.8 bites/min in females; Zhang,
1996) , whereas Nubian ibex ( Capra ibex nubiana)
had much lower bite rates (19. 1 bites/min in females
and 13.9 bites/min in males: Gross et al. , 1995).
Goats on experimental swards had a much higher bite
rate (81. 9 bites/min: Gordon et al. , 1996 ) than did
feral goats on Rum, possibly because the experimental
swards are sufficiently homogenous that goats do not
need to spend much time selecting food items ( Gordon
and Illius, 1992).

A significant sex difference in bite rate was found
in this study, with female goats having the faster one.
Similar results have been observed in Soay sheep ( Ovis
aries ) (67.3 bites/min vs. 55.6 bites/min for females
and males, respectively: Pérez—Barberia and Gordon ,
1999) and Nubian ibex (19.1 bites/min vs. 13.9
bites/min for females and males, respectively: Gross
et al. , 1995). Druzinsky (1993) suggested that ani-
mals with shorter jaws can chew faster than those with

longer jaws, and Pérez-Barberfa and Gordon (1999 )
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argue that this may explain the sex difference in bite
rate in female Soay sheep. If this is the case, the shor—
ter and smaller jaws of female goats may be partly re—
sponsible for the slightly higher bite rate in female feral
goats than in males.

Although feral goats exhibit only limited sexual di-
morphism in body mass (males are only approximately
10% - 20% heavier than females as adults: White—
head, 1972) , there is a striking difference in the pat—
terns of foraging by the two sexes. This study reveals
that adult males notably tend to feed heavily during the
early summer prior to the onset of the rut in August and
September in terms of both bite rate and total time
spent feeding. Since males’ feeding rates plummet
during the rut (Lloyd, 2003), it seems as though
males might be anticipating the energetic costs of the
rut by trying to put on weight. During the rutting, a-—
dult males spend much time tendering esturous females
and their feeding bouts are interrupted frequently by
disruption by rutting behaviour (pers. Observ. Shi et
al. , 2003; Lloyd, 2003 ). Such interuption and dis—
ruption may have contributed to the sharp decrease in
bite rates for adult males observed in this study.

Both males and females increased their bite rates
greatly in October and November. This may be the
combined result of several reasons. First, they need to
feed faster to get more food in order to compensate the
reduction of bite rate and to replenish the energy costs
during the rut. Second, the decreasing daylength and
temperature in October and November force them to
forage faster to recover from the rut as soon as possible
in order to save as much fat and energy as possible to
survive the forthcoming winter ( Bruno and Lovari,
1989).

On Rum, there were no significant differences be—
tween the sexes in step rate. Ruckstuhl (1998), too,
found no differences between adult bighorn rams and e-
wes, or between immature males (aged 2 -3 years) ,
older males and adult females. However, Komers et
al. (1993 ) found that, in bison, cows had a higher
step rate than bulls, and they attributed this difference
to higher food selectivity in cows. They concluded that
a difference in step rate leads to temporal but not spa—
tial segregation of the sexes. Ruckstuhl (1998) argued
that, if step rate was a measure of selectivity, it could
be concluded that bighorn rams and ewes did not differ
in forage selectivity. The same conclusion presumably
applies to the feral goats on Rum as there is no signifi—
cant difference in habitat selectivity between the two
sexes of goats on Rum (Shi, 2002).

Herbage intake rate is a major determinant of ani—
mal nutrition and hence of weight change, lactation

and reproductive performance (Ungar and Noy-Meir,

1988 ; Gordon, 1995; Nellemann, 1997 ). The factors
affecting intake rate include features of the environ-—
ment, the animal itself and the vegetation. Most stud—
ies focus on the relationship between intake rate and
vegetation characteristics ( including availability , struc—
ture and quality) ( Wickstrom et al. , 1984; Goodson
et al. , 1991 ; Nellemann, 1997) , although some stud-
ies relate intake rate to animals” metabolic rate, body
size and the anatomy of their digestive system ( Han-—
ley, 1982; Gordon and Illius, 1992).

On Rum, the female goats had a relatively stable
forage intake during the study period, whilst that for
male goats fluctuated greatly. If forage intake is direct—
ly related to the energy intake level (as is generally as—
sumed ) , the relatively stable forage intake for females
may reflect their relatively stable energy requirement
during the study period (although this may increase for
gestation and lactation, which occurs earlier in the year
much before this study). This could be a consequence
of the fact that the costs of reproduction are low during
those months covered by the study period ( most of the
kids on Rum are bom between January and March and
kids start feeding for themselves about one or two
weeks after birth [ Pickering, 1983 ]). However, if we
consider the low quality of forage in late autumn and
winter ( which is out of our current study period)
(Gordon, 1989) , more work is still needed to evaluate
the energy and nutrition intake by feral goats on Rum.

On the other hand, the higher forage intake for
males in June and July may reflect their need to build
up energy and fat stores (to put on weight) in prepara—
tion for the exhausting rut from late August to early Oc—
tober. During the rutting period, both time spent feed—
ing and intake decreased sharply for males. It is worth
noting that forage intake is at a low level for both fe-
males and males after rut, and particularly so for males
even though adult males increase both bite rates and
the percentage of daytime spent feeding (Shi et al. ,
2003). The daytime length available for feeding by
goats on Rum thus seems to be a limiting factor for for—
age intake, and we expect that the similar pattern of
forage intake will remain in winter. The low forage in—
take, coupled with the low quality of forage and the
harsh weather at this time of the year, may mean that
the feral goats are at negative energy balance and males
may be prevented from rapid and complete recovery
from exhausting rutting. This will in turn inevitably af-
fect their survivorship over the forthcoming harsh winter
and early spring during which the death rate of males is
very high (Boyd, 1981 ; Dunbar et al. , 1990).

The estimates of forage intake for the goats on
Rum are, of course, based on the assumption that bite

size is the same as that for Indian goats and does not
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change significantly between seasons or vegetation com—
munities. In fact, previous studies have shown that the
bite size and bite rates are largely affected by such fac—
tors as the structure and biomass of forage (Hudson &
Watkins, 1986; Hodgson et al., 1991; Solanki,
1994 ; PérezBerberia and Gordon, 1999). However,
the differences in both forage intake between the two
sexes and between early and late summer (pre—rut ver—
sus rut) for males are sufficiently great that a near-dou—
bling of bite rates would be required to equalize food
intake levels. This seems implausibly large, and sug-
gests instead that the estimates are likely to be at least
within the right order of size.

In conclusion, male and female feral goats on
Rum have different foraging behaivour as shown by our
study. In this population of feral goats, the availability
of daylength for feeding may be a key factor to deter—
mine the forage intake of goats, which has significant
implication for their energy and nutrition balance in
winter, and thus over-winter survival of the goats on
Rum. More work is needed to investigate the foraging
behaviour and forage intake, and thus energy require—
ment of feral goats on Rum over winter in order to bet—
ter understand the mechanism under which the goats,
an originally tropical species, cope with harsh winter

weather in northern temperate region.
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