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Short communication

Combined effects of drought and density on body and antler size

of male Iberian red deer Cervus elaphus hispanicus: climate

change implications

Jerónimo Torres-Porras, Juan Carranza & Javier Pérez-González

Hunting management of red deer Cervus elaphus populations may tend to increase population densities to maximise

annual yield. Some studies have shown that density and low winter temperatures affect red deer populations in

central and northern Europe, but these results cannot be extrapolated to red deer populations in the Mediterranean

region where the limiting season is summer instead of winter. The two regions are predicted to experience different

climate change effects: while rainfall may increase in northern latitudes, heavier droughts are expected in the Mediter-

ranean region. We studied red deer populations of different densities on 19 hunting estates in southern Spain during

two years with contrasting precipitation levels. Our aim was to quantify the combined effects of drought and popu-

lation density on the development of stags, which is the main economic objective of hunting management in these

areas. We found that drought affected body and antler size negatively, and that the effects were more severe in

populations of high density. On the basis of our results, we recommend reducing the current densities of red deer in

southern Spain to maintain the economic and environmental sustainability of hunting exploitation in the context of

global climate change.
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Thewarming of the climate is likely to be associated
with changes in the distribution of precipitation
throughout the world (IPCC 2007a). Studies on
climate change indicate that the effects are likely to
differ with latitude, resulting for instance in pre-
cipitation increments in northern Europe but re-
ductions in more southerly Mediterranean areas,
leading to increased risk of drought periods and
fires in the south (IPCC 2007b). On the Iberian
Peninsula, declines in rainfall are likely to be par-
ticularlymarked in spring (MMA2005), whichmay
considerably worsen conditions during the dry and
hot summer. Several studies have shown that local
climatic variations affect ungulates in the northern
hemisphere(e.g.Clutton-Brock&Albon1989,Loison

& Langvatn 1998, Coulson et al. 2000), but reports
on the effects of climatic conditions on deer popu-
lations in southwesternEuropeare very rare (Azorit
et al. 2002).

The climate of southern Spain is very different
from that of central and northern Europe. In
northern latitudes, winter is the limiting season for
growth and reproduction of ungulates as cold tem-
peratures and snow reduce the food available to
deer (Klein 1985), causing lower birth weights and
increased mortality (Mitchell et al. 1976, Clutton-
Brock & Albon 1982, Loison et al. 1999). In the
Mediterranean, however, the limiting season is
summer, when food availability is at its annualmini-
mum and most herbaceous plants dry up, and deer
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have to increase browsing on less preferred shrub
species (Rodrı́guez-Berrocal1993,Bugalho&Milne
2003). Consequently, the effects of climate change
on deer populations in northern Europe may not
apply to deer populations in southern Europe.
Knowing the potential effects of drought on the

developmentandreproductionofdeer in theseareas
is of considerable importance, both from the point
of viewof the phenotypic plasticity of the characters
involved (Emlen 1994, Gross 1996, Tomkins et al.
2005) and from its application to hunting manage-
mentandconservation(Vargasetal.1995,Carranza
1999, SanMiguel et al. 1999). The objectives in our
study were 1) to quantify the effects of current
drought periods on the development of red deer
Cervus elaphus stags, which constitute the objective
of gamemanagement in these areas, and, as a result
of this knowledge, 2) to provide practical recom-
mendations in the face of expected changes in local
climatic conditions, in order to maintain the sus-
tainability of red deer populations in this region
from the point of view of hunting exploitation and
ecosystem conservation.

Material and methods

Our study area is located in the southern part of the
Iberian Peninsula in Sierra Morena, a chain of low
mountains covered by Mediterranean shrub and
forest. The main tree species in this area are holm
oakQuercus ilex and cork oakQuercus suber, which
usuallycoexistwithawidevarietyof shrubspeciesof
whichCistus is the most abundant genus. There are
also plantation areas with pine trees Pinus sp. The
climate is characterised by mild, rainy winters and
dry, hot summers. Our fieldwork was carried out in
2004and2005, the latterbeinganextremelydryyear
with a total annual rainfall of only 341.6 mm, while
in2004 total annual rainfallwas 608.8 mm.Average
annual rainfall in the region during the seven years
prior to our study period was 595.97¡124.28 SD
(Consejerı́a de Agricultura y Pesca), and thus 2004
canbe considerednormal for the areaon thebasis of
rainfall, whereas 2005 was an extremely dry year.
Our study area included 19 hunting estates with a

mean size of ca 1,300 ha. Some of these estates (6)
were surrounded by 2 m high perimeter wire fences
which prevented deer from leaving the area. The
presence or absence of fences leads to marked dif-
ferences in management which in turn affects the
structure of populations (Carranza 1999). In par-

ticular, when the estate is fenced, the owner is able
to manage the population inside the fence without
interference by neighbouring managers. Stags in
fenced areas are normally allowed to reachmaturity
whereas in open estates they are hunted at a much
younger age, and the sex ratio of the population
tends tomaintain a strong female bias.Wewill con-
sider these two types of estates when analysing the
effects of drought and density.

To check the variations in food availability be-
tween the two years of study, we measured grass
height in spring (April-May)at the samefixedpoints
(N=46) distributed throughout the study estates.
Deer density on each estate was estimated by count-
ing animals seen at open mating areas during late
afternoon in September, when the animals gather at
matingareas andare thereforemorevisible (Carranza
et al. 1996). Since an indeterminate number of ani-
mals may remain outside the mating areas, we con-
sidered our estimation to be a minimum value of
density. Density was used in the analyses as a two-
levelcategorical factor, forwhichwearbitrarilyused
0.3deerperhaas thecutoffpoint for the twolevelsof
density.

Wemeasured 415 stags in 21hunts (monterı́as; 12
in 2004 and nine in 2005). In the type of hunt called
monterı́a, packs of dogs are released within a shrub
area to move the deer outwards to the sites where
hunters are waiting, and hunting pressure on males
isessentially regulatedbyonlyallowingonemonterı́a
per year in the same area. Because hunters are nor-
mally allowed to shoot any male over two years old
there is little opportunity for hunting to bias par-
ticular males, and monterı́a is the least biased pro-
ceduretoobtaindatafromhuntedreddeer(Martı́nez
et al. 2005). From animals culled in monterı́as, we
measuredbody lengthandheart girth (to thenearest
0.5 cm) in the following way: body length was
measured from the tip of the snout to the tip of the
tail, excluding the hair and following the dorsal con-
tour of the body of the animal lying on the ground;
heart girth was measured as the chest perimeter be-
hindthe forelegs.Thefollowingantlermeasurements
(to the nearest 0.1 cm) were also taken in the field:

� Antler length was measured from the burr (in-
cluded) to the longest tip of the antler.

� Burr circumference was measured as the perim-
eter of the basal bone protrusion of the antler.

� Antler thickness was measured as the perimeter
around the main trunk of the antler measured
between the brow-tine and the trez-tine.
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� Number of antler points was taken as the total
number of tines i2 cm on both antlers.

We were unable to weigh the animals used in this
work, but heart girth has been proven to be a good
proxy of body weight for red deer in Spain (Alarcos
2007). It was not possible to take all measurements
for all individuals, so our sample sizes differ among
measurements. For analyseswe used average values
for both antlers.
Mandibles were removed for determination of

deer age in the laboratory. Age was estimated by
counting cementumgrowthmarks at the interradic-
ular pad under the first molar (Mitchell 1967), and
checked by eruption patterns in younger animals.
We expressed age in completed years from birth, so
an animal aged N is living its N+1 year of life.
We used covariance analyses (ANCOVA) to ex-

plore the differences in grass height between the two
years of study regarding the date. To investigate
whether independent factors influenced morpho-
logical variables,weusedaLinearMixedModelfitted
by restricted maximum likelihood (REML: SPSS
software version 11, SPSS Inc., Chicago, Illinois,
U.S.A.). Age of individuals and its quadratic term
were introduced in the analyses to control for the
non-linear relationship between age and morpho-
logical variables.Otherfixed factorswereyear (2004
and 2005), fence (whether the estate was or was not
fenced)anddensity (aboveorbelow0.3deerperha).
Estates were introduced in the model as random
factors. This model showed the best-fitting values
of the information criteria (-2 Restricted Log Like-
lihood and Akaike’s Information Criterion, AIC).
Wefollowedabackwardstepwiseprocedure,byfirst
including all fixed terms and their double and triple
interactions,thereafterremovingnon-significantinter-
actionsuptothefinalmodelwhich includedthefixed
factors and significant interactions.
Wepresentpredictedvalues fromthefinalmodels

in figures for all individuals included in the analyses
except in the case of body length. For this variable,
the interaction between the factors age andyearwas
significant, indicating that the poor year only af-
fected some ages (younger ones). Hence, we present
thepredictedvalues foryoungermales (1-4yearsold
and still growing; Alarcos 2007).

Results

Food availability differed markedly between 2004
and 2005. The height of the grass in spring 2004 and

2005 was 21.52 cm¡1.84 (SE) and 7.00 cm¡1.84
(SE), respectively (ANCOVA: F=25.33, df=1, 89,
P<0.001),which fittedwith the difference in rainfall
between the two years.

For body size variables, density had a significant
effect on body length and only marginally on heart
girth (Table 1). The significant interaction between
density and fence for body length (see Table 1) oc-
curred because density only showed an effect on
body length in fenced estates, while in non-fenced
estates body lengthwas equally low either at high or
low density. The effect of drought (year factor) was
notsignificant forheartgirth.Bodylength,however,
was strongly affected by drought conditions in year
2005, but the significant interaction with age indi-
cated that the effectwas only to reduce body growth
of young males (see Table 1 and Fig. 1).

Antler sizewasaffectedmainlybyfence, i.e.oneor
more of the variables antler length, burr, thickness
or number of tines increased notably under fenced
conditions(seeTable1andFig.2).Antler lengthwas
more sensitive to density, and when density is high
may completelyoutweigh the effect of fence,whereas
all the remaining antler variablesweremore sensitive
to drought conditions (see Table 1). The variables
related to antler thickness and points showed re-
ducedvalues for2005underall conditionsofdensity
and presence/absence of fence (see Fig. 2), although
there was very little reduction in these values in fen-
ced populations under conditions of low density
(see Fig. 2) and these interactions were not signifi-
cant (not shown).

Forallmorphologicalvariablesstudied,wefound
significant differences between open and fenced es-
tates, indicating that the conditions imposed by dif-
ferent management and hunting pressure in these
typesofestateshaveaclear impactonthesizeofstags,
even after controlling by age.

The effect of year and other independent factors
on antler size was not caused by differences in body
size in general, since when we controlled by body
length (which was significantly affected by year and
other independent factors), antler size was still af-
fected by year, fence and density (Table 2).

Discussion

Our results showthatdrought conditionsnegatively
affected body and antler size. Body size was more
affected in young males, which have not completed
body growth (Clutton-Brock et al. 1982, Alarcos
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Table 1. Mixed model (REML) results for the influence of independent variables on the different measures of body and antler size
in the two years of study. Hunting estates were introduced in models as random factors. Fixed factors were year, fence and
density, as well as age and age2, which were introduced to control for the quadratic relationship with morphology. Only significant
interactions were included. Parameter estimates and standard errors are shown for year 2005, fenced estates and high density with
respect to their alternatives, when significant.

df F P Estimate¡SE

Effects on body length

Intercept 1, 320 2529.060 <0.001 161.11¡3.80

Year 1, 328 14.891 <0.001 -20.46¡5.30

Fence 1, 20 20.048 <0.001 13.58¡2.60

Density 1, 15 5.228 0.037 ns

Fence*Density 1, 15 5.730 0.030 -8.93¡3.73

Year*Age 1, 362 9.644 0.002 8.48¡2.73

Year*Age2 1, 367 5.580 0.019 -0.71¡0.30

Age 1, 363 55.417 <0.001 6.59¡1.86

Age2 1, 362 28.337 <0.001 -0.46¡0.19

Random factor (estates): Variance¡SE=8.87¡4.57, Wald Z=1.941, P=0.052

Effects on heart girth
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Intercept 1, 300 2255.981 <0.001 96.26¡2.13

Year 1, 89 1.067 0.304 ns

Fence 1, 20 19.682 <0.001 7.00¡1.57

Density 1, 16 3.476 0.080 ns

Age 1, 364 37.963 <0.001 5.87¡0.95

Age2 1, 363 21.800 <0.001 -0.46¡0.10

Random factor (estates): Variance¡SE=6.51¡2.91, Wald Z=2.238, P=0.025

Effects on antler length
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Intercept 1, 288 76.308 <0.001 24.57¡2.89

Year 1, 14 13.670 0.002 -8.15¡2.72

Fence 1, 14 18.661 0.001 6.41¡2.37

Density 1, 10 10.184 0.009 ns

Fence*Density 1, 10 7.206 0.023 ns

Fence*Density*Year 3, 16 4.696 0.015 10.44¡3.43

Age 1, 370 106.981 <0.001 13.39¡1.29

Age2 1, 369 45.132 <0.001 -0.93¡0.13

Random factor (estates): Variance¡SE=6.20¡4.09, Wald Z=1.514, P=0.130

Effects on burr circumference
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Intercept 1, 311 222.291 <0.001 9.26¡0.62

Year 1, 35 12.609 0.001 -1.08¡0.30

Fence 1, 18 18.442 <0.001 1.78¡0.41

Density 1, 15 2.299 0.150 ns

Age 1, 378 75.046 <0.001 2.54¡0.29

Age2 1, 376 23.131 <0.001 -0.15¡0.03

Random factor (estates): Variance¡SE=0.43¡0.22, Wald Z=1.969, P=0.049

Effects on antler thickness
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Intercept 1, 290 164.776 <0.001 5.45¡0.42

Year 1, 29 10.165 0.003 -0.69¡0.22

Fence 1, 16 12.279 0.003 1.02¡0.29

Density 1, 13 3.292 0.091 ns

Age 1, 366 66.333 <0.001 1.59¡0.19

Age2 1, 364 21.823 <0.001 -0.09¡0.02

Random factor (estates): Variance¡SE=0.22¡0.11, Wald Z=1.942, P=0.052

Effects on number of antler tines
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Intercept 1, 321 20.678 <0.001 2.86¡0.67

Year 1, 42 16.469 <0.001 -1.21¡0.29

Fence 1, 18 23.783 <0.001 2.06¡0.42

Density 1, 15 1.100 0.311 ns

Age 1, 388 84.048 <0.001 2.96¡0.32

Age2 1, 387 45.167 <0.001 -0.23¡0.03

Random factor (estates): Variance¡SE=0.40¡0.23, Wald Z=1.770, P=0.077
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2007), but antlers were affected in individuals of all
ages. Also, the effects on antlers remained after con-
trolling by body size, indicating lower allocation of
resources to antlers relative to body during adverse
environmental conditions (Mysterud et al. 2005)
like a dry year in Mediterranean habitats.

Male body size in red deer (Loison & Langvatn
1998) and other cervid species (Leberg & Smith
1993, Ferguson et al. 2000) mostly depends on re-
source availability, which is also greatly influenced
by population density (Bonenfant et al. 2002, We-
ladji & Holand 2003). The phenology and key
factors that limit deer performance in northern and
southern regions of Europe are markedly different.
While low winter temperatures determine the limit-
ing season inmany northern areas of red deer distri-
bution (Klein 1985), high temperatures and absence
of rainfall during the summer in Mediterranean
habitats reduce vegetation productivity and re-
sourceavailability fordeer, thusmakingsummerthe
limiting season for herbivores in Mediterranean
areas(Carranzaetal.1990,Carranza1995,Rodrı́guez-
Berrocal 1993, Bugalho &Milne 2003).

Ourdata show that larger bodyandantler size are
produced infencedrather thanopenareas.Themain
difference between the two types of estates is that in
fenced areas managers can maintain sex ratio equi-
librium and age structure of the population, in-
cludingmature stags,whereas inopenareas hunting
pressure fromneighbouringestatesaffects thewhole
population, leading to strongly female biased sex
ratios and age structures which are heavily skewed
towards younger males (Carranza 1999; see also
Langvatn & Loison 1999). Contrasting sex ratios
and population structure between fenced and open
estates are likely to affect male growth and antler
development (Singer&Zeingenfuss 2002,Yoccoz et
al. 2002, Mysterud et al. 2003), although this issue
deserves further research.

Our data show that in open estates the effects of
density are not apparent, probablybecause deer can
move freely according to the availability of re-
sources in each area at different times of the year, so
the observed differences in density may not reflect
differences in competitive conditions. In fenced es-
tates, on the contrary, highdensity related tomarked
decreases in body and antler sizes when environ-
mental conditionsdeteriorated, suggesting that these
estatesweremaintaining deer densities according to
anoptimumlevel foraverageyearsbutprobably too
high for drier years.

Elevated densities under drier conditions have
implications not only for the economy of hunting
exploitation but also for the conservation of natural
vegetation. Red deer management in fenced estates
is normally oriented towards the improvement of
trophies (antler size), therefore density should be
reduced to maintain performance under conditions

Figure 1. Body size of red deer males (predicted values from
REMLMixedModels)asa functionof independent factors in the
twoyears of study:A)body lengthof youngmales (1 - 4years old)
as a function of density, presence or absence of perimeter fence in
the estate, and year; B) predicted heart girth of all males as a
function of density, presence or absence of perimeter fence, and
year.
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of low rainfall. However, our data also show that
drought conditions affected body growth in young
males. Growth during the first year of life has been
demonstrated to have a strong influence on the fu-

ture development of antlers in red deer (Clutton-
Brock et al. 1982, Schmidt et al. 2001).Thus, a single
year with poor conditions might have lifetime con-
sequences for a complete cohort of stags (Albon

Figure 2. Antler size of red deer males (predicted values from REML Mixed Models) as a function of density and the presence of
perimeter fence in the estate for the two years of study; A) antler length, B) burr circumference, C) antler thickness, andD) number of
antler tines (see Table 1 for model results).
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et al. 1987, Langvatn et al. 1996, Post et al. 1997,
Rose et al. 1998,Kruuk et al. 1999, Lindström1999,
Forchhammer et al. 2001).
Our results indicate a likely effect of climate

change on red deer populations in the Iberian Pen-

insula through potential impacts on natural vegeta-
tion, and we recommend adapting population com-
position and management to the likely new scenario
of reduced productivity of natural vegetation. Thus,
the density should match a new optimum according
to the expected productivity. On the other hand, our
results also show that populations in fenced estates
aremoresensitive toenvironmentalchanges.Stags in
fencedareasshowlargerbodyandantler sizebut they
also suffer more dramatic reductions under worsen-
ing conditions. This suggests that fenced areas will
experiencehigher impacts fromclimatechangeunder
current management practices and we therefore rec-
ommend that the sustainability of this type of man-
agement should be reviewed.
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support at different stages of our study. We are also
grateful to the owners and wardens of the estates studied
and to the hunters. P. Montero, S. Alarcos, J.M. Seoane,
M.J. Taboada, I. Parrillo, O. Linares, C. Sánchez-Prieto,
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