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Seasonal variation in group size of Cantabrian chamois
in relation to escape terrain and food
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chamois in relation to escape terrain and food. Acta theriol. 39: 295-305.

The herd size of Cantabrian chamois Rupicapra pyrenaica parva (Cabrera, 1910)
varied seasonally in relation to escape terrain and food availability in our study area
(Asturias, north of Spain). The median group size of females without kids was 1 (mean
+ SD = 1.62 + 1.00), females with kids was 4 (5.59 + 5.42), males was 1 (1.73 + 1.78),
and mixed group size was 7 (8.91 + 7.91). The female-kid group size depended more
on escape terrain availability than on food quality. Throughout the early weeks of the
life of kids, the mothers remained in difficult access areas (cliffs and steep slopes),
and showed a weak tendency to aggregate. These areas provided a wide visual range
and hiding places for offspring and their use may be an anti-predation strategy. When
the kids were able to run quickly, the mothers used subalpine meadows. These areas
were very open and exposed kids to predation and human disturbance, however the
forage has high nutritive value, and may compensate for the cost of breeding and
suckling by the mothers. Aggregation may be selected as an anti-predation strategy
in subalpine meadows, allowing a reduction in time spent vigilant by each individual
in the group, and increased time available for other activities. The largest male groups
were located in pastures with abundant but poor quality forage. Our results suggest
that group size in Cantabrian chamois is very flexible, changing seasonally and in
response to resource availability.
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Introduction

Variations in spatial-temporal food distribution can cause aggregation or
dispersal of the individuals in a population. When food is scarce, animals can
migrate or remain in the same area and disperse to avoid competition for food.
Aggregation of prey species as an anti-predation strategy is useful when vigilance
is the main defense mechanism (Cushing and Harden 1968, Pulliam and Mills
1977, Caraco et al. 1980). Increased group size reduces vigilance time for each
individual, optimizing time for other activities (Caraco 1979a, b, Pulliam and
Caraco 1984, Quenette 1990). Demands of each sex may be different, due to sexual
dimorphism (Staines et al. 1982) or the biological cycle of each sex, and so food
availability and the risk of predation influences group size of both sexes differently.
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To predict optimal group size, it is necessary to consider costs and benefits that
aggregatio provides to every individual at that moment (Caraco 1981). Conse-
quently, stable group size occurs rarely (Pulliam and Caraco 1984). An increase
in group size may imply a reduction of the risk of predation, but it also increases
competition for food within the group (Caraco 1979a, b, 1981).

The aim of this study was to describe the annual variation in group size of the
Cantabrian chamois Rupicapra pyrenaica parva (Cabrera, 1910) in North of Spain,
in relation to the influence of escape terrain and food quality.

Study area

The study area was located in a 12.2 km? valley in the Game Reserve of Reres, Cantabrian
Mountains, north of Spain. Altitude ranged from 900 to 1,709 m a.s.l. A large portion (39%) of the
study area is composed of siliceous soils which are vegetated with heathers (Erica australis, E. arbo-
rea and Calluna vulgaris). Scrub Genista hispanicallegionensis (14%) and subalpine meadows (9%)
dominate calcareous soils. The dominant tree species are Fagus sylvatica (28%) and Betula pubescens
(2%). Hunting activity was low, with a harvesting rate of less than 6% per year. The natural predators
of kid chamois are fox Vulpes vulpes and golden eagle Aquila chrysaetos, with wolf Canis lupus being
the sole predator of adult chamois. Human presence was occasional throughout the year. Livestock
(cattle, horses and goats) were only present between June and September. From November 1991 to
November 1992 the chamois population in the area was estimated at 170 + 10 individuals.

Methods

Foot surveys were carried out between November 1991 and November 1992 with a periodicity of
two to six per month. Some surveys were interrupted by unfavourable weather conditions. During
each survey group size, age and sex of each individual was recorded, and the groups’ location was
marked on an aerial photograph (1 : 4,500). The age classes considered were: kids (animals < 1 year
old), yearlings (= 1 and < 2 years), and adults (= 2 years), using the Berducou and Bousses (1985)
classification. A group was considered as the aggregation of chamois where no individual was more
than 50 m from any other animal in the same group (Clutton-Brock et al. 1982). Selitary chamois
were considered as a group of size 1. Records obtained inside the forest (n = 16) were excluded, due
to the low detectability of chamois in these areas which did not allow correct surveys, thus group size
was underestimated (Hirth 1977). A total of 970 sightings of chamois groups were recorded, 135
sightings were excluded from the calculations because our presence changed their size, or the sex or
the age of individuals could not be determined.

The group classes considered were: adult females without kids or yearling (female-no-kid), adult
females with kids or yearlings (female-kid), males, and mixed groups having at least one adult male
and one adult female.

The study area was categorized as follows:

- 1. Escape terrain. A herd was considered to be in a escape terrain when located on cliffs or slopes
of more than 45°. These areas protect chamois from natural predators and human disturbance
(Cederna and Lovari 1985, Patterson 1988). Vegetation types of this area were: scrub and heath.

2. Food quality. Four different habitats were selected: subalpine meadow, scrub, heath and rocky
ground. Vegetation samples were collected between June and August, with the exception of rocky
ground because its vegetation type was the same as of heath habitat. Nutrient content and percentage
cover of different habitats are shown in Table 1. The different habitats are described as follows:
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Table 1. Nutrient content and percentage cover in four habitat types of the study area. These habitat
were significantly different in protein (ANOVA, F23 = 10.984, p = 0.005) and IVD (F2s = 5.099,
p = 0.037). Protein — percentage of crude protein in the dried matter (Kjeldahl nitrogen x 6.25),
NDF - percentage of neutral detergent fibre, IVD — percentage of in vitro digestibility matter, it was
estimated in relation to digestibility with cellulase from Trichoderma viridae. ' Percentage cover was
estimated using line-intercept method (Mueller-Dombois and Ellenberg 1974), 2 cover measurements
were not taken; approximately 100% grass cover (visual estimation), 3 nutrient content as heath,
* number of points sample to cover estimation, 5 pumber of samples to nutrient content analysis.

i

Percentage cover Protein NDF IVD
Habitat
Grass Rock Scrub n' Mean SD Mean SD Mean SD n®
Subalpine Meadow? - - - - 18.10 2.45 56.40 3.15 6635 198 5
Scrub of Genista 15.07 39.71 4522 272 13.16 5.07 50.64 9.31 63.97 6.28 3
Heath 3.38 0.00 96.62 296 i I i § 53.09 2.29 812 284 B
Rocky grourds® 3443 1579 4978 456 = 2 = I 3 "

Subalpine meadow: herbaceous communities with the most nutritive pastures. Scrub: the predo-
minant species were Genista hispanica, G. legionensis, Erica vagans, Littodora diffusa, Festuca
burgundiara and Brachipodium pinnatum. In these areas the chamois feed mainly on buds and
flowers of Genista hispanica/legionensis, Erica vagans and grasses (visual records), the quality of
these pastires was less than that of the subalpine meadow (see Table 1). Heath: areas having low
quality food in relation to the other vegetation types, predominant species being Calluna vulgaris,
Erica austrilis, E. arborea, E. cinerea, E. tetralix and Genistella tridentatum. Here chamois consumed
mainly C. vulgaris and E. cinerea (visual records). Rocky ground: heath affected by fire, and
vegetation scarce. Temporary communities of grasses (Deschampsia flexuosa) grew in these places,
together wich scattered plants of E. australis, C. vulgaris and E. cinerea. The quality of these pastures
was assumad to be similar to heath, but the quantity of food stuff was very low in comparison with
heath areas (Rocky grounds cover versus heath cover: x° = 181.64, df = 1, p << 0.0001. Vegetation
height of rccky ground versus heath: Mann-Whitney U-test, Z = —11.71, p << 0.0001).

The median has been chosen to characterize group size, since in most classes frequency distri-
butions were very asymmetrical and could not be normalized. In these cases the median described the
central tenilency better than the mean (Sokal and Rohlf 1981, Zar 1984). Other studies concerning
group size tave also used the median (Clutton-Brock et al. 1982, Lovari and Cosentino 1986, Jeppesen
1987). However, in order to compare our data with other studies which utilize mean group size, we '
have incluted means and standard deviations. All statistical tests were made using the median.
Median tesss for more than two samples were used to establish differences among group size (with
the statistizs x> when the number of degrees of freedom was more than 2 and the number of cases
greater thai 30, and the Fisher exact test when the number of cases was less than 30 with one degree
of freedom; Norusis 1986). The Tukey’s test of multiple comparisons was used for the median (o =
0.05) accorting to Levy (in Zar 1984). The use of 12 statistics is probably not suite proper because our
data are partly dependent, but as for as we know, no better statistical analysis exist for our case.

Results

Dynamics of group size

Mediaa group size among classes differed throughout the year (Table 2) and
all pairs of classes were different, with the following exceptions: female-no-kid
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versus male groups in autumns 1991 and 1992, spring 1992, and summer 1992,
female-kid versus mixed groups in autumn 1991 and spring 1992 (Table 2).
Throughout the year mixed groups generally exhibited the largest size, followed
by female-kid groups, male groups and female-no-kid groups. There were also
significant differences among classes within seasons. No class showed a significant
change in the median between seasons (median test, p > 0.1 in all cases).

Table 2. Comparisons of chamois group sizes and differences between classes within seasons (median
test). The pairs of groups with no significant differences are shown (multiple comparisons among

medians, Tukey test, o = 0.05). *** — p < 0.001.

roup cl
Season Bl i " ar Group
Female-no-kid Female-kid Males  Mixed PR
Autumn 1991
median il 4 b} 6 79.53 Jrowx 1-3,2-4
mean 1.50 4.93 1.65 8.11
SD 0.94 3.93 1.15 5.84
range 1-4 2-20 1-6 2-27
n 14 31 88 63
Winter 1992
median 2 4 3 7.5 62.22 geex
mean 2.24 4.39 1.96 9.05
SD 1.33 2.27 2.31 8.76
range 1-5 2-12 1-16 2-55
n 25 28 80 40
Spring 1992
median 3 | 4 1 4 40.92 g 1-3,2-4
mean 1.85 6.56 1.57 5.22
SD 321 6.34 1.68 3.80
range 1-5 2-26 1-8 2-14
n 20 31 37 )
Summer 1992
median 1 3 2| 8 70.42 ShEY 1-3
mean 1.40 6.47 1.78 13.52
SD 0.75 7.02 1.94 12.52
range 1-4 2-33 1-11 3-43
n 45 62 64 21
Autumn 1992
median 1 4 1 7 87.37 5 i 1-3
mean 1.31 4.68 1.63 8.44
SD 0.54 3.70 1.65 6.77
range 1-3 2-22 1-9 2-33
n 29 34 73 41
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Group size and escape terrain availability

Female-kid groups were smaller in areas of escape terrain than elsewhere
throughout all seasons, with the exception of the autumn 1991 and spring 1992
(Table 3). Only male groups were larger in the non-escape terrain areas in summer.
Female-no-kid and mixed groups did not show differences in group size between
escape terrain and non-escape terrain areas.

Group size and food

Female-no-kid group size did not show differences between areas in any season
(Table 4). The same occurred in female-kid groups. Male group size differed
between habitats in winter and summer. In winter the largest groups were located

Table 3. Comparison of chamois group sizes in escape terrain and elsewhere areas. Median test,
* — p <005, ** —p <0.01, *¥** — p < 0.001.

Group classes
Female-no-kid Female-kid Males Mixed
escape non-escape escape non-escape escape non-escape escape non-escape
terrain  terrain terrain  terrain terrain  terrain terrain  terrain
Autumn 1991
median 1 1 3 5.5 1 1 4 7.5
mean 140 171 343 6.44 1500 174 544 9.61
SD 066 1.25 181 490 1.17 . 1.38 3.32 653
n 5 T q 16 28 67 9 38
Winter 1992
median 1 1 3.6 5* 1 i | 41 8
mean 200 1.89 437 576 192 2.37 6.40 10.90
SD 1.22 1.24 298 261 1572 " 2.99 4.28 11.18
n 9 19 12 17 39 51 5 29
Spring 1992
median 1 4 4 6 1 1 5 3
mean 1.20 314 6.40 8.00 114 2,14 7.00 3.00
SD 0.56 . 1.bY b.15 523 045 3.04 5.66  1.00
n 16 7 25 7 28 22 4 3
Summer 1992
median | 1 2 2= 1 1L # 7}
mean 181 “14Y 4.06 13.95 121 247 6.86 16.77
SD 0.74 0.74 3.33 9.49 0.73 2.66 4.02 16.36
n 26 15 34 20 34 43 7 13
Autumn 1992
median 1 1 2 b 1 I 55 8
mean 125 ' 167 2.87 6.68 1.50 2.00 5.83 10.40
SD a45- “ 1724 1.12 459 1:38 247 248 7.84

n 12 18 15 19 34 50 6 25
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on heath, and not in habitats with more nutritious forage (subalpine meadow and
scrub). In summer, male group size was greater in heath than in scrub. Mixed
group sizes were different only between habitats in autumn 1992. During this
season, the largest groups were located on subalpine meadow, scrub and heath as
opposed to rocky ground.

Discussion

Dynamics of group size

Chamuois group sizes vary greatly among geographical areas, with no consistent
arguments to explain the variation between study areas (Kramer 1969, Berducou
and Bousses 1985, Elsner-Schack 1985, Lovari and Cosentino 1986, Richard and
Pépin 1990, Clarke and Frampton 1991). Berducou and Bousses (1985) suggested
that larger aggregations of chamois in their study area could be due to high
population density, although this has been doubted by Lovari and Cosentino
(1986). Using surveys from 24 different areas in the Cantabrian Mountains we
found that chamois group size could be density-dependent (median = 0.193 x
density + 2.013, r? = 0.453, F'1,22 = 18.235, p = 0.0003; F. J. Pérez-Barberia and
C. Nores,unpubl.). However this could be because in areas of high density different
groups come together in the same foraging places and several groups can be falsely
considered as one group. Also group size may depend on correlated factors, which
are highly variable between study areas, including predation, availability and
spatial-temporal distribution of foods, population structure and density.

The differences between group size of the classes throughout the year suggests
that the tost/ benefit ratio for aggregating was different for each class. Presence
of offspring appeared to be an important factor in determining a tendency to
aggregate. Group size was similar throughout the year in the classes without kids
(female-m-kid and male groups). This occurred in classes with kids (female-kid
and mixel groups), in autumn and spring. The main difference between female-
-no-kid aad male groups was that female-no-kid groups never exceeded 5 indi-
viduals, vhile male groups formed larger aggregations (up to 16 individuals) and
were mor: stable with time. It is necessary to denote that some comparisons among
group siz:s are biased due to class group definitions. By definition, some groups
(male ani female-no-kid) can be formed by one individual, but female-kid and
mixed griups always comprise at least two individuals.

Group size and escape terrain

Vigilaice time spent by each individual can be reduced by an increase in group
size. This allows each individual to spend more time in other activities (Pulliam
and Mills 1977), but larger groups increase the number of aggressive interactions
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between individuals (Caraco 1979b, Clutton-Brock et al. 1982). Aggregation isonly
useful when the cost/benefit balance increases the Darwinian fitness of the
individual (Focardi and Paveri-Fontana 1992). Our results showed that female«-kid
group size was larger in non-escape terrain areas than in escape terrain aweas,
and the only seasons where differences were not significant were autumn (991
and spring 1992. Escape terrain areas had steep slopes and cliffs where chanois
found protection (Cederna and Lovari 1985). On these sites, chamois were ale to
run quickly, detected the proximity of predators, and were seldom disturbel by
tourists or shepherds. Some authors have suggested that aggregation in open sreas
is favoured for increasing visual contact between members of the group (Firth
1977, Jodra 1981, Elsner-Schack 1985, Lagory 1986, Lovari and Cosentino 1986,
Richard-Hansen et al. 1992). However, in our study, some escape terrain areas
(steep slopes) have good visibility, similar to non-escape terrain areas. Thereore,
the increase in group size could be seen as an anti-predation strategy. Lagory
(1986) found the largest groups of white-tailed deer in open areas. He found that
the time spent vigilant by each individual did not decrease in groups fourd in
open areas, and, therefore, aggregation was not an anti-predation strategy in tiose
situations. However, although vigilance time was similar between the areas
studied by Lagory, large groups in open areas involve more eyes and this may
entail a higher probability of detecting predators. Aggregation strategy was only
useful to chamois when their anti-predator strategy entails running avay.
Pregnant females, however, sought rugged and difficult access areas (Boussesand
Cornaire 1982, and pers. obs.) where they remained until the kids were abe to
run. In these circumstances, aggregation was not useful as an anti-precator
strategy because increased group size would make detection of kids easier. OQur
results were consistent with this hypothesis. Female-kid groups in non-es:ape
terrain areas were not significantly larger than in escape terrain areas in spring
(the median of female-kid groups is 3 at early calving time, late April, and 55 in
June) and in summer, the female-kid groups were again significantly larger in
non-escape terrain areas (median = 12) than in escape terrain areas (mediin =
8). By summer, kids could run quickly and the mothers then moved to subabine
meadows, where they found nutritious pastures, but were more exposel to
predation and disturbance by humans. Under these conditions, the aggregstion
strategy might be useful. In cervids, it is also common for pregnant females o be
isolated and seek habitat types that offer protection for their offspring (Cervus
elaphus — Clutton-Brock et al. 1982, Dama dama — San Jose and Braza 1¢92),
even though these areas may have forage with low nutrional value (Cervus elaphus
— Jeppesen 1987). Other studies have also reported larger group sizes in aon-
-escape terrain areas in several species (Odocoileus virginianus — Hirth 1377,
Capra pyrenaica — Alados 1985, Ovis canadensis mexicana — Krausman e: al.
1989). Male groups showed significant differences in group size between estape
terrain and non-escape terrain areas only in summer, which could be dus to
difference food availability.
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Group size and food

Female-no-kid group size did not change among habitat types. It is difficult to
know whether these groups were dependent on any particular factor, or whether
the aggregations were only casual, due to the low aggregational tendency of this
class (Lovari and Cosentino 1986, Richard-Hansen et al. 1992). The use of areas
with highly nutritious forage by female-kid groups may compensate the energy
cost to the mothers for breeding and suckling (Clutton-Brock et al. 1982), but
escape terrain availability seemed to be more important during calving time, since
female-kid groups located on rich nutritional areas were not greater than those
on other areas.

The largest mixed groups were located on areas with high quality forage, the
smallest on rocky ground. The food on rocky ground is very scarce and scattered,
and therefore prevents aggregation. It would be expected that group size of this
class would be similar to the female-kid group, because mixed groups are formed
by females and males, and often kids. However, with respect to escape terrain and
foods, the pattern of mixed group size was very different from the pattern of
female-kid group size. Perhaps the presence of males in the mixed groups may
explain this difference. We do not know if the males of these groups were leaders
which could influence group location or whether mixed groups were casual
aggregations, with the exception of mixed groups formed during the rut.

Male groups did not form during the rut (November). Males interrupt feeding
activity almost totally and spend their time trying to dominate a small harem.
Males consume a high percentage of their fat reserves during the rut (as in Cervus
elaphus — Mitchell et al. 1976, Rangifer tarandus — Reimers and Ringberg 1983).
Therefore, it would be expected that before and after the rut, the largest male
groups would be found in habitats with highly nutritious forage. However, in
summer and winter, the largest male groups were located in the heath areas. We
propose two explanations: (1) Male chamois are using high quality patches which
are scattered in heather habitat. These patches would have enough area and
quality to favour aggregation (Pulliam and Caraco 1984, Krebs and Davies 1987,
MecNaughton 1988, Fryxell 1991), (2) Male energy requirements can be supplied
by poor quality but abundant food, as it has been shown for red deer populations
(Clutton-Brock et al. 1982, Staines et al. 1982). Males are able to ingest greater
quantities of food by weight than females (Staines et al. 1982).

The differences in group size within classes or with respect to escape terrain
availability or food quality in autumn was different between years (1991-1992).
This may be due to the influence of weather conditions on plant biomass and
production (Albon and Clutton-Brock 1988). Our study suggest that group size is
very flexible, changing in response to variations in resource availability and the
annual reproductive cycle of individuals.
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