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Water requirements as a bottleneck in the
reintroduction of European roe deer to the
southern edge of its range

Arian D. Wallach, Moshe Inbar, Michael Scantlebury, John R. Speakman, and
Uri Shanas

Abstract: Success rates of reintroduction programs are low, often owing to a lack of knowledge of site-specific ecological
requirements. A reintroduction program of European roe deéapreolus capreolus (L., 1758)) in a dry Mediterranean re-

gion in Israel provides an opportunity to study the bottleneck effect of water requirements on a mesic-adapted species.
Four does were hand-reared and released in a 10 ha site consisting of an early succession scrubland and a mature oak for-
est. We measured daily energy expenditure (DEE) and water turnover (WTO) using the doubly labeled water technique
during summer and winter. DEE was similar in the summer and winter, but there was a significant difference in WTO and
in the source of gained water. In winter, WTO was 3.3 L/day, of which 67% was obtained from vegetation. In summer,
WTO dropped to 2.1 L/day, of which only 20% was obtained from the diet and 76% was gained from drinking. When the
water source was moved to a nonpreferred habitat, drinking frequency dropped significantly, but water consumption re-
mained constant. In a dry Mediterranean environment, availability of free water is both a physiological contraint and a be-
havioral constraint for roe deer. This study demonstrates the importance of physiological and behavioral feasibility studies
for reintroduction programs.

Résumeé : Le taux de suceedes programmes déimgoduction sont bas, souventcause de 'ignorance des besoinle-
giques speifiques au site. Un programme danoduction du chevreuil d’EuropeCapreolus capreolus (L., 1758)) dans
une rfgion maliterran&nne sehe en Isrdenous fournit 'occasion d'eidier le goulot d’¢ranglement que repsentent les
besoins en eau pour une espeadapte aux milieux msiques. Quatre bichedesees ala main ont’ée relachees sur un
site de 10 ha comprenant un maquis encotm atade jeune de la succession et unétfdeechmes amaturite Nous
avons mestréurant I'egé et I'hiver la degoense journalie d’energie (DEE) et le taux de renouvellement de I'eau (WTO)
al'aide de la technique de I'eau doublement maeyuees DEE sont semblables été et en hiver, mais il existe une dif-
férence significative entre les valeurs de WTO et les sources de I'ead esilig® hiver, le WTO est de 3,3 L/jour dont
67 % provient de la \getation. En'¢g, le WTO tombe™a2,1 L/jour dont seulement 20 % provient digime alimentaire
et 76 % est obtenu par ingurgitation. Lorsque la source d'eau’etadie vers un habitat non pi@é, la frequence d’in-
gurgitation diminue significativement, mais la consommation d’eau se maintient constante. Dans un hiteurangn
sec, la disponibilited’eau libre reprsente une contraintela fois physiologique et comportementale pour le chevreuil.
Notre dude denontre I'importance destedes physiologiques et comportementales de faisabidites les programmes de
réintroduction.

[Traduit par la Rdaction]

Introduction cessful reintroductions may improve if comprehensive feasi-

_ ] _ bility studies are carried out (Wallace 2000). However,
Reintroduction programs have become one of the majogifficulties arising from limited resources, urgency of the re-
conservation methods worldwide for protecting endangeredovery task, and concerns over the effects of invasive re-
species and rehabilitating habitats (Gipps 1991). Unfortusearch on rare species have often limited this crucial phase
nately, their success rate is generally low (Fischer and Lin{Clark et al. 1994). Even in cases where feasibility studies
denmayer 2000). A major problem can arise when little ishave been carried out, they rarely attempt to define ecologi-
known about the ecological requirements of the reintroducedal requirements at each of the releasing sites. It has been
species (e.g., Thouless et al. 1988). The likelihood of sucdemonstrated that habitat quality is the most important factor
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which determines reintroduction success (Griffith et al. 19891986; Sachez-Rojas and Gallina 2080200; white-tailed
Wolf et al. 1996). Therefore, species requirements should bdeer,Odocoileus virginianus (Zimmermann, 1780): Bello et
studied in the context of the habitats that it will be introducedal. 2004; mountain gazelle§azella gazella (Pallas, 1766):
to. This study addresses the reintroduction of the Europeafatwany and Goldspink 1996; Arabian ory®yyx leucoryx
roe deer Capreolus capreolus (L., 1758)) in Israel. (Pallas, 1777): Williams et al. 2001), but knowledge regard-
Roe deer have been locally extinct in the eastern Meditering the water demands of ungulates in nonarid, but water re-
ranean as a result of hunting and habitat loss since the beétricted, environments is limited (mountain gazelle: Baharav
ginning of the 19th century (in Jordan; Quemsiyeh et al.1983; mule deer: Boroski and Mossman 1996, 1998; Bow-
1996), as well as since the 20th century in Lebanon, Israeier et al. 2001). Despite the large number of research car-
Syria, and Iraq (Aharoni 1943; Harrison and Bates 1991)ried out on roe deer, the availability of free water as a
Their current range extends throughout most of Europe (Andirect, physiological constraint has been overlooked. In Is-
dersen et al. 1998). Roe deer can have a significant impac¢@el, and across the Mediterranean zone, during the past
on the structure and dynamics of vegetation communitied00 years, many of the free-water sources that used to be
(e.g., Ammer 1996; Carranza and Mateos-Quesada 200&yailable to wildlife have been taken up by human demand.
Partl et al. 2002), are an important prey species for a varietyfherefore, determining the water needs of roe deer in dry
of large carnivore species (Aanes et al. 1998; Jarnemo andediterranean habitats is fundamental and must be deter-
Liberg 2005), and are likely to aid in carnivore rehabilitation mined prior to conducting a full-scale release.
programs (e.g., Boitani 1992). It has therefore been pro-
5)(9);2;1 that roe deer are keystone species (Cederlund et ﬂhaterials and methods
Many European countries have been successful in activelf\nimals and study site
preserving and reintroducing this species to their historic Four does, born in the Hai Bar Carmel reserve, were
range after being locally extirpated, e.g., in Britain (Prior hand-reared (two in 2001 and two in 2002), and at the age
1995), France (Maillard et al. 2002), Italy (Boitani 1992; Du- of 6-8 months were released into a 10 ha study site. We
panloup et al. 2002), Portugal (Jose et al. 2001; Vernesi et athose females, rather than males, because hand-reared males
2002), Scandinavia (Liberg et al. 1994), and Spain (Braza etan become dangerously aggressive when they reach matur-
al. 1989; Rosell et al. 1996). Successful reintroduction proity (Prior 1995). The hand-rearing procedure and experi-
grams combined with the natural expansion of distributiongnent design were under license from the INNPPA and the
have enabled the roe deer to reinhabit a wide range of bidsthics Committee of the University of Haifa (Wallach et al.
mes, from the Arctic to the Mediterranean (Andersen et al2007).
1998). This has led to the assumption that they would easily The site was within the boundaries of the Hai-Bar Nature
adapt if released into former areas that they occupied in thReserve on the Carmel ridge (3N, 32°72E) and con-
eastern Mediterranean (Saltz et al. 1995). Current regulationsisted of two habitats: (1) an early succession scrubland re-
on hunting and protection of nature reserves have made govering from a fire (2 ha) in which sageleaf rockrose
possible to consider a reintroduction program of this speciegCistus salvifolius L.) and Mediterranean thorny broor@4-
in Israel. Consequently, during the 1980s and 1990s, the Israycotome villosa (Poir.) Link.)) were abundant (i.e., “young
eli Nature and National Parks Protection Authority (IN- habitat”) and (2) a mature oak forest (8 ha) dominated by
NPPA) imported a group of roe deer from several Europearpalestine oak Quercus calliprinos Webb.) and evergreen
countries (Holland, France, Italy, and Hungary) to establish istache or mastic treePistacia lentiscus L.) (i.e., “mature
breeding colony in the Hai Bar Nature Reserve on Mountabitat”). We classified seasons as summer (June—November)
Carmel. for both the summer and autumn (high temperatures of 20—
Reintroduction programs carried out at the extreme edg82 °C, no rainfall, and no annuals or new growth), and
of a species natural distribution are known to have lowewinter (December—May) for both the winter and spring
probabilities of success, mainly because of low habitat qual¢cool temperatures of 9—20C, rain is common, and annu-
ity (Griffith et al. 1989; Wolf et al. 1996). In northern Eu- als and new growth of perennials are available). However,
rope, the limiting factors are the cold winters, short growingwe also separated these two seasons into four to account
seasons, and high snow accumulation (Holand et al. 1998jor annual temperature changes when we studied water
However, in xeric sites such as the forests of Spain (th&onsumptions. Throughout the research (2003-2004), the
southern limit of the roe deer’s western Palaearctic range)eer were accessed on a daily basis, enabling them to re-
habitat constraints related to heat and dryness restrict ro@ain habituated to the observer (A.D.W.). It was therefore
deer numbers and distribution; they prefer the more mesipossible to locate, closely observe, and physically contact
forested mountains (8a-Royuela and Telleau 1991; Telle- the deer in natural conditions without causing them stress.
ria and Virge 1997; Virgs and Telleta 1998). In the east- The deer fed on the vegetation available in the study site
ern Mediterranean, the scarcity of water sources may poseand did not receive additional food during the trials. Free
severe constraint, especially because birth, lactation, and rufater was available ad libitum. They were weighed at the
all occur during the summer (Andersen et al. 1998) whgn ( beginning and end of each trial (modified sheep field
most of the water sources and natural vegetation are dry angtales with an accuracy of +0.05 kg; AB100P, Shekel, Is-
(ii) temperatures are high. rael). All four does were mature>2 years old, 22-23 kg)
The dependence of ungulates on free water has beeaturing the experimental period. Apart from a single trial
studied mostly in arid environments (e.g., mule deedp- (see doubly labeled water), which was conducted with two
coileus hemionus (Rafinesque, 1817): Hervert and Krausmandoes at a time, all four does were monitored together.
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Water as a physiological constraint drinking activity (the time and frequency of drinking events)
We studied the water consumption of roe deer in two dif-were determined over a 24 h period. Each observation was
ferent ways: (1) estimating water turnover (WTO) from the conducted in 12-14 h sessions, for day and night observa-
deuterium elimination rate after the injection of doubly la- tions (apart from one 25 h session). Six full-day observa-
beled water (DLW; Nagy and Costa 1980) and (2) estimattions were conducted in the summer and three full-day
ing the water content of their diet through behavioralobservations were conducted in the winter. While the deer
observations of foraging and the evaluation of dietary watewere active, the proportion of time spent feeding was meas-
content, as well as measuring daily free-water consumptionured by repeatedly observing 10 min of activity during dif-
ferent hours of the dayn(= 47 observations). Their diet
Measurement of WTO and daily energy expenditure (DEE) ~ composition was expressed as the proportion of time spent
We estimated from noninvasive urine samples (Parker egonsuming each plant species, which was determined by ob-
al. 1999) the WTO, percent body water, and DEE using théserving a minimum of 10 min of active feeding each day for
DLW technique (Lifson and McClintock 1966; Speakmana 2—3 week period, in each habitat and season for each doe
1997; 1998). Two individuals were measured in 2003 andmean total observation length per season of a deer was
two in 2004, thus all deer were 2 years old at the time of3.4 h in each habitat). These time intervals were chosen
the experiment. Measurements took place during both wintepased on preliminary optimization tests (A.D. Wallach, un-
(February—March) and summer (September). One doe supublished data). To provide a quantitative estimate of intake
fered from severe stress and minor injuries during the wintefates, we presented the deer with food items during a fixed
injection operation in 2003, and therefore was excludedPeriod and compared the mass of the food before and after
from the analysis. The day prior to the injection, a urineconsumption (Tixier et al. 1997). Dominant plants in their
sample was collected (by following the doe until she uri-diet (>2% of the diet) were collected in each season and the
nated into a plastic tray that was held underneath her) to davater content of each food item was measured by drying
termine isotope background levels (method D fromsamples of food to constant mass at 8D (drying oven;
Speakman and Racey 1987). The next day, the deer wefdemmert GmbH + Co. KG, Schwabach, Germany). The
maneuvered into a small enclosure (2>m3 m) and were amount of water that the deer obtained from fora@éet)
restrained to the ground until injected with DLW (2.3 partsWas then determined according to the following equation:
90% enriched80 water (Enritech Ltd., Rehovot, Israel) and s
one part 99.9% enrichedH water (MSD Isotopes Inc., W *ZTU "W, )
Pointe-Claire, Quebec, Canada)) (intravenous ~0.2 g/kg deer = L TP
body mass). The whole process took 5 min, after which the a
does were released. Since roe deer are especially prone wherei is theith food item in the deer’s diefl is the daily
stress, we neither kept them restrained nor did we recapturkeeding activity,z,, is the proportion of time spent feeding
them to obtain an initial enriched sample (as the “plateau”on theith food item,v; is the intake rates of théh plant
technique would require). Instead, we used the ‘intercept’species, andV, is the proportion of water in théh plant
technique to extrapolate values of initial enrichment, ob-species (volume/g).
tained from a series of post-dose urine samples (SpeakmanWater can also be obtained from the diet by consuming
1997). During the 7 days after the injection, three urine samplants that are wet from rain or dew (especially in the win-
ples were collected at approximately the same time each dagr) and from metabolic water production. The additional
to minimize sampling interval errors (Speakman and Racewmount of water obtained in the winter when leaves are wet
1988). The average precision of the analyzed samples wasgas estimated by weighing the leaves of four different plant
48 min (range 0-3 h). Urine samples were immediatelyspecies before and after spraying them with water. The max-
flame-sealed in glass capillary tubes. They were then vadgmum amount of metabolic water that can be produced was
uum distilled (Nagy 1983), and the water from the resultingestimated by multiplying the DLW estimate of DEE by
distillates was used to produce €énd H, (Speakman et al. 0.032 g HO/kJ (from the oxidation of starch; Willmer et al.
1990, Speakman and Kr@005). Isotope ratios 0f80:160  2000).
and2H:1H were then analyzed using gas source isotope ratio
mass spectrometers (Optima and Isochne@; Micromass Free-water consumption
Ltd., Manchester, UK), prior to calculation of DEE (Lemen The pooled amount of water consumed by all four does
and Speakman 1997). We used the two-pool model (eq. 7.4%as recorded daily for a period of 2—4 weeks, four times a
from Speakman 1997) as recommended for mammalgear (winter: January—February; spring: April-May;
weighing >5-10 kg (Speakman 1993). WTO values weresummer: August-September; autumn: November), in both

calculated according to Nagy and Costa (1980). habitats. We provided water in buckets and measured the
evaporation rates in a control bucket covered with a top
Estimating water obtained from diet wire mesh (2 cmx 2 cm holes) that prevented drinking. In

The diet of free-ranged, hand-reared deer is consideredinter, we measured water consumption only on dry days
equivalent to mother-reared deer (Spalinger et al. 1997; Tixwhen there were no puddles. We then divided by 4 the
ier et al. 1997, 1998; Parker et al. 1999). We studied the diegroup’s water consumption to establish a mean individual
composition and feeding activity of does to estimate prewater consumption rate. We recorded daily minimum and
formed water intake during the winter and summer in themaximum temperatures throughout the trials. To determine
two habitats. Daily feeding activity (defined as the amountthe standard deviation within the group, we measured the
of time the deer spent consuming food during a day) andlaily water consumption of each doe individually for a pe-
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riod of 72 h (in 2 sets of 36 h) in the summer (by removing Results

three of the four deer from the study area into a separate en- . )

closure). To determine the water drinking frequency, weWTO and dietary and free-water consumption

pooled all drinking events that were observed in the 24 h pe- DEE in the winter was not significantly different from
riod and calculated the proportion of drinking events thatsummer (5196 + 1069 vs. 5101 + 1397 kJ/day, respectively:
occurred at half-hour intervals from the total number oft = 0.27, df = 5,P > 0.05). WTO was significantly higher in
drinking events. We then averaged the proportions of eacthe winter (3.3 + 0.3 L/day) than in the summer (2.1 +

half-hour interval for all does. 0.2 L/day) € = 6.63, df = 5,P < 0.01). Percent body water
was slightly higher in the winter (74%) than in the summer
The effect of free-water availability on deer behavior (70%), but the difference was not statistically significarnt (

The location of the water source in the wild might not co- 1.24, df = 5,P > 0.05).
incide with the habitat preference of the deer and this might The observations over a 24 h period revealed that the deer
have a significant effect on the accessibility of this resourcewere active similarly in the winter (47% of the day) and in
We therefore studied the effect of the location of the watethe summer (48% of the day), but they spent 8.4 h actively
source on habitat preference, water consumption, and drinfeeding in the winter and only 6.1 h in the summer (paired
ing frequency in 2004 during the summer when water coni = 8.187, df = 3,P < 0.01). In both seasons, the deer were
sumption might be a limiting factor. The trial consisted of most active during dawn and dusk. During the observations
two stages. First, we placed graduated buckets of watdp the winter, not a single drinking event was recorded. In
(15 |_) in the middle of smoothed round Sandy arenas (]_ rﬁhe summer, of the 52 drinking events that were observed,
radius) located at the far corner of each of the two habitatéhe majority took place between 0630-0830 and between
(a distance of ~400 m apart) for 15 days. Since the deer sé-500-1930 (Fig. 2).
lected a different patch every day rather than traveling long The deer consumed ~3 kg/day of food from which they
distances in the study site (Wallach 2005), we were able tobtained a daily average of 2 L of,B in the winter in
determine which habitat was preferred, based on the habitdioth habitats. In the summer, we found that the deer ob-
in which they were sited each day, and the difference betained significantly more water from their diet in the mature
tween the amounts of water consumed in each habitat. Sebabitat (0.5 = 0.04 L of HO daily) compared with in the
ond, we removed the water source from the preferred habitgtoung habitat (0.3 £ 0.03 L of }D daily) (pairedt = 7.72,
and left a water source only in the nonpreferred habitat fodf = 3, P < 0.01), even though free water< 0.61, df = 13,
an additional 16 days. P > 0.05) and food consumption (pairédest,t = 0.44, df =

The drinking frequency was not determined by direct ob-3, P > 0.05) did not differ. Their food contained 56.62% =
servations, but rather by counting the number of tracks &.03% water in the winter, but only 20.88% + 0.03% water
single doe left in the sandy arena surrounding the wateln the summer. The deer gained additional metabolic water
bucket and then relating it to the amount of water she confrom the consumed food<{71 and<128 mL/day in the
sumed in a single drinking event (track index and water in-winter and summer, respectively).
dex, respectively). The number of tracks the deer left on the Free-water consumption was highest in the summer and
sand and their water consumption in a single drinking eventowest in the winter (Kruskal-WallisH = 41.59, df = 3,
were initially repeatedly measured by direct observation unP < 0.0001), and was inversely related to precipitation
til reliable indices were achieved. These indices were use(Fig. 3). The free-water consumption measured for each
later to estimate drinking frequency by dividing the numberdoe individually during the summer (2 = 0.2 L/day) was
of tracks found and the amount of water consumed by thesbigher than the mean free-water consumption measured for

index numbers (Fig. 1). the four does together (1.6 L/day per deer; Fig. 3). We con-
sider this latter value to be more reliable because of the
Statistical analysis larger number of replicates (= 15). Throughout the year,

We compared WTO and DEE between seasons using Water consumption was highly correlated with temperature
Student'st test, since only three does were measured in win{y = (5x 107)x*%3 R? = 0.67,P < 0.001). Water consump-
ter and all four does were measured in summer. Water corion increased exponentially in relation to temperature and
sumption was compared between seasons and betwe8toSt dramatically when temperatures were higher than
habitats using paired tests. When the water consumptions ~22 °C (Fig. 4); however, within season, temperature fluctu-
of all four does were measured together, each day wadtions had no significant effect on water consumption ex-
treated as a replicate. To analyze the relationship betweefept in the spring y( = (4x 109x388 R? = 0.429, P <
season and water consumption, we ran a Kruskal-walli-01). Overall, the amount of the three water sources (free,
nonparametric test (nonhomogenous data). Exponential copreformed, and metabolic waters) added up to the value of
relation was used to characterize the relationship betweeWTO in the summer, with free water as the dominant
temperature and water consumption. We determined habitgource (76%, Fig. &. In contrast, preformed water pro-
preference with a combined probability? test. Repeated- Vided the majority of the WTO of the does in the winter,
measures ANOVA was used to determine the difference bePut 23% (~0.7 L/day) of their WTO was not accounted for
tween water consumption in the two habitats. A Student's (Fig. 5b). Nevertheless, the deer did not lose mass in either
test was used to determine whether habitat preference a$eason.
fected drinking frequency. All tests were considered signifi-
cant atP < 0.05 and were carried out with SPSSor Water consumption in different habitats
Windows® version 13 (SPSS Inc. 2004). When water sources were placed in both habitats, we
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Fig. 1. An example of trackd) and water If) indices established for each trial by observing a European roe @apreplus capreolus)
during drinking events. Here the deer left ~8 tracks on the sand and consumed 0.7 L during a single drinking event.
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Cumulative number of observations

sighted the deer significantly more in the mature habitaferred habitat, the drinking frequency of the deer was signif-
(combined probabilityy?, P < 0.01), which also had signifi- icantly higher (Table 1).

cantly more drinking events (repeated-measures ANOVA, Behavioral observations during the drinking events sug-
Fro21) = 12.97,P < 0.01). Therefore, in our experimental gested that the deer were stressed after 24 h without drink-
system, the mature habitat was defined as the preferred halmg. They ran and fought for access to the water source, and
itat. When the water source was provided only in the youngorevented an inferior doe from approaching the water. These
(nonpreferred) habitat, the deer maintained their preferenceehaviors were only observed when the water source was re-
for the mature habitat (combined probabilig¢, P < 0.05).  stricted to the nonpreferred habitat. In addition, in this latter
Daily free-water consumption did not change between thdocation, they drank their entire daily water intake in one
two habitats, with each deer drinking ~1.4 + 0.3 L/day=(  bout (1.4 L in 3 min), which was followed several times by
0.3, df = 17,P > 0.05). However, we did observe a changevomiting. After ~24 h without drinking, the deer lost 5.3% +

in drinking frequency. When water was available in the pre-1.0% of their body mass (range 3.3%-8.5%).
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Fig. 2. Percentage (mean + SE) of drinking events (out of 13 + 2 drinking events) by a single European roe deer observed at half-hour
intervals for six 24 h periods during the summer.
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Percentage of drinking events

Fig. 3. Daily water consumption (mean + SE) by four nonlactating European roe deer does in a dry Mediterranean forest (bars) and the
mean precipitation during each season (line; precipitation data available from http://cbs.gov.il [accessed 28 December 2004]).
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Discussion in the summer (summer—autumn) despite the constant avail-
ability of free water.
Water availability as a physiological constraint Williams et al. (2001) examined water influx rates of the

Studies of the roe deer at the northern edge of its distribuArabian oryx, which is a desert-adapted ungulate that does
tion during harsh winters have demonstrated that the WTnot need to drink free water. They used a DLW technique
of the roe deer can change according to diet and temperatute study WTO on free-ranging animals during the hot and
(Holand et al. 1998). In the present study, we assessed tliry summer and during the moist and mildly cool spring of
WTO of the roe deer at the southern edge of their distribuSaudi Arabia. Similar to our findings with roe deer, the Ara-
tion, where summer is the harsh season. We found that rdgian oryx was shown to have a lower rate of water influx in
deer have a higher WTO in the winter (winter—spring) thanthe summer (1.3 L/day) than in the spring (3.4 L/day). How-
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Fig. 4. Daily water consumption by European roe deer in a Mediterranean environment increases exponentially as temperatures rise

throughout the year.
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Fig. 5. Percentages of water turnovers in European roe deer ob- economy is inferior to desert ungulates, but resembles that
tained from their diets (shaded), free water (jagged lines), metaboliof mesic deer. For example, the Sitka black-tailed deer

water (dotted), and unknown (open) during the sumragiatd
winter (b).

a 6%
@) g 20%

76%

(b)
23%

6% |
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(Odocoileus hemionus sitkensis Merriam, 1898) in Alaska
exhibits water transfer rates that are four times higher during
the productive season (summer) than during the cold and un-
productive season (Parker et al. 1993).

Comparisons of DEE values from this study with allomet-
ric predictions for similarly sized free-ranging eutherians
showed that winter and summer values were, respectively,
30% and 38% less than the prediction of Nagy et al. (1999)
for mammals, 16% and 25% less than the prediction of An-
derson and Jetz (2005), and 7% greater and 3% less than the
prediction of Speakman (2000; eq. 2). Interestingly, we have
found that WTO changed between seasons despite having a
similar DEE. For comparison, the Arabian oryx exhibits a
decrease of energy expenditure of the same magnitude as
the WTO from the spring to the summer (Williams et al.
2001). The lack of variation in DEE between summer and
winter, found in this study, is in agreement with Mauget et
al. (199%, 199h), who concluded that roe deer do not have
an endogenous seasonal metabolic rhythm. Since the varia-
tion in WTO depends largely on the metabolic rate of the
animal (Nagy and Peterson 1988), our results suggest that
the roe deer possess some degree of physiological adaptation
to water-restricted habitats which does not affect their meta-
bolic rate.

In the winter, the deer obtained the majority of their water
requirement from vegetation. We found a large discrepancy
(23%) between their overall water consumption and their
WTO in the winter, although water is not a limiting factor
during this season and they did not lose mass. This may be
explained by the larger variation in water content of vegeta-
tion in winter than in summer. In the summer, the pattern
was reversed; the deer obtained three quarters of their water
from drinking. Although WTO of nonlactating does was

ever, when comparing these results relative to body masshown to be lower in the summer than in the winter, it
(the oryx weighed ~85kg), the WTO of the Arabian oryx made up 8% of their body mass. A comparable amount of
was only 17%-28% of the WTO of the roe deer. Thus,water extracted from leaves will require the deer to consume
although roe deer show flexibility in WTO, their water an unrealistic amount of food (8 kg) each day, which is
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Table 1. Daily drinking frequency of European roe de€&afreolus ca-
preolus) when the water source was available in a preferred habitat (i.e.,
mature forest) and restricted to a nonpreferred habitat (i.e., young forest).

Preferred habitat Nonpreferred habitat

(mean * SE) (mean * SE) t P
Water index  2.0+£0.2 1.4+£0.2 240 <0.05
Track index  1.8+0.3 1.4+0.3 1.08 >0.05

~35% of the body mass. Metabolic water accounted for onlyjits to the water source and appeared to be very thirsty.
6% of their water consumption. Despite the short distance (400 m) from the preferred (ma-
Within season, temperature fluctuations had no significanture) habitat, they did not change habitats in response to the
effect on water consumption, apart from spring, presumablghange in the location of the free-water source; rather, they
because variability within seasons is too small to detect amade quick and infrequent excursions to the water source,
effect at this sample size. However, throughout the yearwhile drinking more at each visit. Nonlactating white-tailed
water consumption increased exponentially relative to temdeer also drink once or twice per day depending on the loca-
perature, especially most dramatically when temperatureion of the water source, but a lactating white-tailed deer
were higher than ~22C (Fig. 4). This result, along with might need to drink more often (Hiller 1996). Potentially,
global warming, should be taken into consideration in futurethe released deer would also move out of their preferred
management of roe deer, especially around the Mediterradabitat to reach water sources. However, in the hot climate
nean basin where drought stress is expected to increasé the eastern Mediterranean, this behavior may impose ad-

(Thuiller 2007). ditional physiological stress upon the deer, especially on lac-
In Mediterranean regions, roe deer prefer areas that infating does. _
clude a source of open water (Telerand Virgs 1997), Sociality might also affect the water consumption of roe

and they have a preference for more moist habitats (\éirgodeer. The white-tailed deer, which has an ecological niche
and Tellera 1998, but see Gerard et al. 1997). Indeed, rainthat is similar to that of the roe deer (Putman and Moore
fall was the best predictor of roe deer densities in central998), is reliant on access to free water (Lautier et al.
Spain (Saz-Royuela and Tellea 1991). Saz-Royuela and 1988). Therefore, water sources are usually found in the
Telleria (1991) proposed that the low density of roe deer incenter of its range (Hiller 1996). When there is a shortage
the Mediterranean region is explained by rainfall acting as ®f water, white-tailed deer tend to gather in areas where
limiting factor on vegetative productivity, and consequently,water is available (Hiller 1996). Bowyer et al. (2001) found
on the carrying capacity of the region. The results of thisthat 77% of mule deer occurred within 500 m of a free-
study suggest that free water constrains roe deer distribwater source in a Mediterranean-like region of California.
tion. However, roe deer are territorial (males during spring and
As the data were obtained from nonlactating does, it igsummer) and solitary, and females actively defend kidding
expected that lactating does would require an excessivéites (Andersen et al. 1998). Potential conflicts between ter-
amount of free water (Parker et al. 1993; Degen 1997). Théitorial individuals over water sources in xeric habitats
water needs of a mammalian female may increase by ~50%hould be investigated further.
or more during lactation (Degen 1997). The milk consump-
tion of our bottle-reared fawns peaked during July (0.7-Management recommendations
0.8 L/day per fawn; Wallach et al. 2007), which is the Under dry Mediterranean environments, availability of
hottest and driest time of the year in Israel. Therefore, it iSree water in the summer is both a physiological contraint
expected that a female with 2-3 fawns would require moreand a behavioral constraint for roe deer. Apart from the crit-
than the observed 2 L/day. These results emphasize a criticadal demand to drink, the location and distribution of water
demand for an adequate water supply for roe deer in drgources in the release site should affect the reintroduction
Mediterranean habitats. It can be argued that captive ansuccess. Because of the strong association of roe deer with
mals, accustomed to having unlimited access to water, deoodland structures (Andersen et al. 1998), it is important
not tolerate water deprivation as well as wild-born animalsthat potential release sites should contain free-water sources
Tatwany and Goldspink (1996) found that despite wildthat are located in dense forest areas. The solitary and terri-
mountain gazelles surviving without free water in Sauditorial natures of roe deer prescribe that the water sources
Arabia, gazelles that were bred in captivity and had accesshould be scattered throughout their range. Lack of water in
to free water could not survive without it. Therefore, it is the release site may increase the attractiveness of irrigated
possible that the reintroduced population would be more reagricultural fields, thus increasing potential conflict with
silient to water deprivation after several generations in thdarmers.
wild. In addition, this study is based on only four hand- This study demonstrates the importance of feasibility
reared animals, and therefore should be regarded as a firstudies in reintroduction programs at the edge of a species

attempt at exploring this subject. range. As global climatic warming and human demands
cause a decrease in free-water availability, especially in
The importance of the location of the water source water-limited ecosystems such as the eastern Mediterranean

When the water source was placed in a nonpreferred halferest, we recommend that the availability of this resource
itat (young habitat), the deer significantly reduced their vis-be taken into consideration in management decisions. In ad-
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dition, we recommend a combined physiological and behav€lark, T.W., Reading, R.P., and Clarke, A.L. 1994. Endangered
ioral approach in determining the ecological requirements of species recovery — finding the lessons, improving the process.

a species. Island Press, Washington, D.C.
Degen, A.A. 1997. Ecophysiology of small desert mammals.
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