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Abstract - Despite the importance of hunting in human evolution, in most cases the long-term effects
of this activity on populations of wild animals are poorly known. Behavioural effects include chiefly an
interference in spatial behaviour, e.g. a temporary abandonment or substantial increase of the previous
home range and /or a significant spatial and temporal change in habitat use for security reasons. Genetic
consequences may also be important, especially if trophy hunting is involved. Hunting regimes on ungu-
lates and control of predators can greatly affect the age structure of the hunted population, with unpre-
dictable consequences e.g. an increase of damage to coltures and the spread of disease.

Résumé - Conséquences de la chasse sur des populations de mammiféres sauvages. En dépit de
Pimportance de la chasse dans I"évolution humaine, les effets & long terme de cette activité sur les popu-
lations animales sauvages sont, le plus souvent, mal connus. Les effets sur le comportement incluent
principalement une interférence dans le comportement spatial, comme un abandon temporaire ou un
accroissement substantiel du territoire d’origine et/ou un changement spatial et temporaire significatif
dans P'utilisation de ’habitat pour des raisons de sécurité. Les conséquences génétiques peuvent aussi
étre importantes, en particulier si des trophées de chasse sont impliqués. Les régimes de chasse sur les
ongulés et le controle des prédateurs peuvent grandement affecter la structure d’ige de la population
chassée, avec des conséquences imprévisibles, comme par exemple une augmentation des dommages
causés aux cultures et la diffusion de maladies.
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1. Introduction

Hunting has played a fundamental role in
the biological and cultural evolution of men.
As a consequence of this process, the effects
of hunting on wild populations of game ani-
mals have contemporaneously developed.
An early example of the impact of men on
wildlife can be found in Klein (1979) who,
starting from the life tables of some African
animal species, recognised two basic approa-
ches in Stone Age hunters, termed respecti-
vely aztritional (concentrated on young ani-
mals and old adults) and catastrophic (hunting
of few young animals and many prime
adults). Modern men have been, from their
first appearance, responsible for strong effects
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on populations of wild animals; they have also
been regarded as one of the main causes of
animal extinctions (Davis, 1987, for a
review). Despite the crucial importance of
this process, poor information is currently
available on the biological effects of hunting
on prey populations. The results of some
recent studies on this subject can provide
some interesting insights. Aim of this paper
is to summarise several aspects of the current
knowledge on the effects of modern hunting
on game animals.

2. Behavioural and physiological effects.

Some traditional hunting techniques practi-
sed in central and southern Europe make use

165



of dogs to search and to pursue deer, e.4. the
Spanish monteria, the British deer hunt and
the French chasse a courre. A similar hunt is
also present in north-eastern Italy, Brescia and
Udine districs. This hunt, which involves many
dogs simultancously (up to 20-30) and a
long-lasting chase, exerts a remarkable inter-
ference on the hunted population, especially
on its spatial behaviour. Braza (1975) repor-
ted a decrease of population size, as well as
an aggregated and peripheral distribution of
fallow deer Dama dama in an area of Spain
as a consequence of a monteria. A similar
effect may be determined just by the presence
of free-ranging dogs. In a Mediterranean
coastal area of central Italy two radio-tagged
female roe deer Capreolus capreolus were
pushed more than 3 km away from their
normal home range (<15 ha) by a free-ran-
ging dog escaped for less than one day from
its owner (Apollonio, unpublished).

In Denmark, roe deer have completely
disappeared from forests where dogs are
allowed to move freely (Jeppesen 1987a).
Sweeney et al. (1971) reported a different
impact of dog pursuing on male and female
white tailed deer Odocoileus virginianus,
because of the different behaviour of the two
sexes during the chase. While males showed a
long, linear run, females appeared to be
strictly linked to their vital area, with runs
starting and ending in the same area. Deer
show a remarkable attitude to maintain their
original distribution even in presence of
strong human-caused interference
(Dasmann & Taber, 1956; Georgii, 1980a),
but the use of dogs for hunting activities has
been often recorded as an important cause
of harassment. Sweeney ez al. (1971) and
Naslund (1979) reported significant disper-
sing movements of white tailed and roe deer,
respectively, from their usual home range.
Jeppesen (1987b) recorded two different
reactions of red deer Cervus elaphus in
response to the use of dogs in hunting acti-
vities in Denmark: "immediate escapes” at the
beginning of the disturbance (within 3.5
km, on average) and "late escapes”, at the
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end of the disturbance, to areas distant 3.8
km on average. The latter was a behaviour
shown also by individuals actually not pur-
sued by dogs and by those not directy invol-
ved in the hunt, suggesting a negative effect
cven greater than expected. In both cases the
permanence outside their customary home
ranges was 2-4 days long. Moreover, when
back to their familiar areas, they tended to
move continuously, in the morning trying to
avoid the same areas used as a shelter the
evening before, and walking randomly over
wide areas. Repeated hunts forced the animals
to move to the same shelter areas, which
became traditional refuges at the end of all
escapes. This led to an increase of home ran-
ges (Jeppesen, 1987b). The same author
reported about similar consequences of hun-
ting pressure on roe deer. In 25 out of 26
cases the animals hunted with dogs ran 850
m away on average (1140 m in open habi-
tats, 525 m in woodland). More than 30% of
these animals were forced to temporarily
abandon their home-ranges. Five out of 10
roe deer living outside the hunting area
showed the same behaviour as a likely reaction
to the disturbance. The animals remained in
their refuge areas for a maximum of 7 hours
before coming back to their previous locations.
Similar results were reported by Jullien et al.
(1991) and Brandt ez al. (1998) for the wild
boar, especially adult males, as well as
Vercauteren & Hygnstrom (1998) for white
tailed deer. In this case, home range sizes of
resident deer did not show any substantial
variation before and after the hunts, but
home range centres shifted of 194 m on ave-
rage, in different directions. Seven out of 19
radiotagged deer did not leave their pre-
hunt home ranges, but 10 individuals moved
to unhunted portions of the study area and the
remaining two animals moved to areas within
their home ranges where hunting was prohi-
bited. In most cases, the deer returned to
their previous home ranges within six days
after the hunt. Only one individual establi-
shed a new home range about 3 km away.
Habitats with a rich vegetation cover were
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positively selected in nearly all cases. Kufeld
et al. (1988) described an identical beha-
viour for a related species, the mule deer
Odocoileus hemionus. In this case females avoided
hunters by spending more time in densely
vegetated areas within their home ranges.
Also in another study (Marshall &
Whittington 1968) the increased hunting
pressure was responsible for an expansion of
deer movements.

Furthermore, Batcheler (1968), Douglas
(1971) and Georgii (1980b) showed that a
strong hunting pressure on ungulates tends
to stimulate strictly nocturnal habits.
Bateson (1997) made an attempt at assessing the
behavioural and physiological effects of hun-
ting red deer with dogs. He found out that
chases with dogs covered on average 19.5
km, in hunts which lasted on average just
over 3 hours. Chased deer exerted themsel-
ves maximally until the end: one physiologi-
cal indicator of stress (cortisol) rose rapidly
in their blood and haemoglobin released by
the break-up of red blood cells also appeared
in the plasma in large amounts. These levels
were higher in animals hunted for longer
distances. In the course of the hunts muscles
started to show signs of physical damage
because of excessive exertion. Levels of a
pain-killing hormone (B-endorphin) rose
steadily with distance hunted. As prolonged
stress may weaken the immune system, pur-
sued deer could become more susceptible to
disease - if they escape the hunt. Bateson's
conclusions (1997) probably also apply to the
fallow and especially the roe deer. In fact,
while the red deer is built, to some extent, as
a cursorial ungulate, with some adaptations
to running, the roe deer is a wood-dwelling
saltor and best adapted to evade capture by
its main predators, the lynx and the wolf,
with short athletic leaps and dashes or by
hiding. If the prolonged exercise of the hunt
may not be natural for red deer, it is even less
natural for roe deer and one may assume
that hunting with dogs will likely be even
more damaging on this species (cf:
Cederlund & Kjellander, 1991, but see also
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Semenzato, 1996).

3. Genetical effects

Ideally, game management should not alter
the sex ratio and age structure of hunted
populations, as well as the genetic variability
and structure within populations and species.
Selective hunting for trophies has been
repeatedly reported by many authors as a
source of decrease in genetic variability,
because of the criteria used to select individuals,
mostly based on superficial morphological
characters (Hartl 1996). In Central Europe
this practice is widespread and it operates to
obtain an extreme development of some
morphological characters, such as body size
and various other traits considered as a
“trophy” (antlers, fangs, etc.). The number
of antler points and the length of spikes in
subadult individuals are thought to be
amongst the most important culling criteria to
reach a better quality of trophies in red deer.
In particular, this is considered an important
indicator for later antler development (Hartl,
1991).

Hartl et al. (1991) investigated two red deer
populations originating one from another
and subjected respectively to mild and inten-
sive hunting. Although no significant asso-
ciation between heterozigosity and the deve-
lopment of various antler traits was detected,
several associations between enzyme genoty-
pes and antler traits were found, demonstra-
ting a change in allele frequencies due to
selective culling. These authors took some
representative antler measurements and eva-
luated the genotypes of a number of stags at
several enzyme Joci. While stags homozygous
for the "125" allele at the Idh-2 locus showed
a number of antler points significantly
higher than carriers of other genotypes
already from an age of 2 years on, stags
homozygous for the "100" allele at the Acp-
2 locus showed an interestingly different pat-
tern. From an age of 7 years on they showed
significantly larger antler dimensions than
carriers of other genotypes; in 2-6 years old
individuals, however, Acp-2100/10 carriers had
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an antler size lower than average. A compa-
rison of these populations revealed a signifi-
cant difference in the respective allelic fre-
quencies at Idh-2 and Acp-2 loci between the
"source" population (with very little selecti-
ve hunting) and the "daughter" population (with
intensive selective hunting). The increment
in the frequency of Idh-2125 was too great to
be explained through genetic drift alone; it
was interpreted as the result of the elimina-
tion of young stags with a low number of
antler points (2-5 years old). On the other
hand, the frequency of Aep-2100 was conside-
rably lower in the intensively hunted popu-
lation. Also in this case the extent was too
large to be explained by genetic drift alone;
the most reliable interpretation is the elimi-
nation of those stags with antlers smaller than
average at the time of artificial selection
against a low number of antler points, but
which would become large when stags grew
older. The artficial selection for a particular
antler trait thus caused a remarkable effect on the
genetic structure of that red deer population.

A similar approach has been used to assess
the potential danger of selective hunting for
the welfare of a population. The same Idh-2
allele was used by Pemberton et al. (1988)
for the identification of some genotypes
associated with female fecundity and juveni-
le survival.

In the light of the correlation between allelic
frequencies at Idh-2, the development of
antlers and numerous fitness components, in
the long run the effect of selective hunting
for particular qualities could have unpredic-
table consequences for a wild population
(Hartl 1996).

Hunting is often aimed at reducing the
population size of predators. The genetical
consequences of this practice may also be
important. Frati et al. (2000) used allozymes
and mtDNA techniques to assess and to
compare the genetics of red fox Vulpes vulpes
populations from protected areas (with no
natural predator of foxes) to those sampled
in areas with hunting pressure. They found a
significantly much lower (actually, almost
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absent) genetic variability in the former in
comparison to the latter; differences were
independent from sample size. Thus, appa-
rently, the effects of hunting may enhance
the population viability of red foxes, whichis
just the opposite target of the intensive hun-
ting campaigns against this canid.

4. Demographic implications

Besides behavioural and genetical effects,
hunted populations can suffer from a shooting
unbalanced in terms of sex and age classes.
As a consequence, the structure of a population
may be greatly altered. Different hunting
regimes can affect the demographic structure
of the hunted population in different ways
(e. Tosi & Spagnesi 1985, for Alpine chamois
Rupicapra rupicapra; Mccullough 1987, for
American deer Odocoilens spp). In Poland,
Milkowski and Wojcik (1984) found out
that, in the decade from 1970 to 1980, a
heavy hunting pressure on the adult cohort
of a wild boar population lowered the mean
age of that population and, thus, its repro-
ductive rate. A local concentration of
females, subadults and piglets in large
mixed groups determined a markedly grea-
ter impact on coltures, while mean body
weight significantly decreased. Comparable
information was reported by Gaillard et al.
(1987) for a study area in France. As to car-
nivores, Cavallini (1994) described the age
structure of the fox population in Pisa
Province (Western Central Italy). This author
calculated an average rate of 0.46 killed speci-
mens/100 ha, close to the European mean
value. The relatively small percentage of
subadults in his sample (lower than the
European average) and a fair longevity repre-
sented by 9 age classes, suggested a scarce mor-
tality rate for that population. Hence, the effects
of hunting seemed to be fairly small, proba-
bly due to the relatively mild and temporal-
ly restricted hunting pressure (Cavallini,
1994). On the contrary, the substantially
higher percentage of subadults found in USA
(e.g. Ables, 1975) may be referred to a lon-
ger early hunting season, where young foxes
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are killed before their first winter. Parigi &
Lovari (unpublished) found a strong impact
on the age class composition of an intensively
hunted fox population in Central Italy.
About 78% of the sampled foxes (N=122) were
under 1 year of age; the maximum age class
assessed by tooth wear was 4 years old
(Fig.1). As life expectation in wild foxes can
reach 9 years (Macdonald & Barrett, 1993),
the situation reported above (with a mean
age estimate of 1.4 years) was strongly abnor-
mal. Nearly all foxes had been shot in drive
hunts with dogs; biased sampling towards
the youngest age classes was unlikely, in par-

ticular to such a great extent. Therefore, Parigi
& Lovari's (unpublished) sample probably
reflected the local population structure, with
some approximation. Young foxes tend to
disperse and dispersal movements can be
substantial (£4. up to several tens of kilometres
in just one year). Thus, a population structure
abnormally biased towards the younger age
classes may favour the spread of discase such
as rabies and mange (Fico, pers. comm.).

Conversely, Fico et al. (unpublished) have
described the age composition of an unhunted
wolf population in Central Eastern Italy. In
this sample (N=59) nearly all causes ot mor-
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Fig. 1 - Age structure of a fox population under heavy hunting pressure, Central Italy. Age classes are
expressed in months: 1 (12); 2 (13-24); 3 (= 25). Parigi & Lovari, unpublished data.

Fig. 2 - Age structure of an unhunted wolf population, Central Italy. Age classes are expressed in months:
1(0-12); 2 (13-24); 3(25-36); 4 (37-48); 5 (49-60); 6 (= 61). Fico, Lovari & Burrini, unpublished data.
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tality were induced by man, mainly (about
50%) by road casualties, but not by hunting.
Young wolves (less than 1 year old) built up
27.1% of the population, the bulk of which
(88%) was constituted by 2-5 years old indi-
viduals. Up to six age classes were recorded
(Fig.2). The unaffected age structure of this
population can be explained as the likely
non-selective effect of causes of morrtality,
although man-related.

5. Conclusions

Wildlife management is "the science and the
art of changing the characteristics and interactions
of habitats, wild animal populations and
men in order to achieve specific human goals
by means of the wildlife resource" (Giles,
1971). A great responsibility is laid on man
any time he manipulates the populations of
wild animals. Awareness of the effects of
these manipulations has grown in recent
years, but far too many management operations
are still prompted by short-term policies, often
ignorant of long-term effects on wildlife.
These operations often act on animal popu-
lations in an anti-Darwinian sense, e.4.
trophy hunting (Lovari, in press), and must
not be encouraged.
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