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Abstract

Translocation of game species is a widespread tool for hunting and conservation, but for some species there is a lack of
information, being this the case for the Iberian hare (Lepus granatensis). We studied the survival and spatial behaviour of 12
wild Iberian hares translocated in Northwestern Spain, in a hunting ground with a combination of arable land, vineyards and other
habitats where game management and hare coursing were conducted. The average hare survival time was 102 days, with adults
showing higher survival than juveniles, the overall survival probability being reduced during the hunting season. Presumed
predation was the most important cause of death (ranging 45—77% of causalities), and 23% of hares were hunted. Hares showed a
higher resting place selection at daytime for arable land, selecting however to settle in areas with a combination of habitats. The
average core area considering all animals (MCP 50%) was 7.4 ha and the home range (MCP 95%) was 27 ha, and males showed
significant higher values of home range compared to females. When compared to previous studies on wild hares, the survival of
translocated hares in the present study was in general lower but there were similarities on spatial behaviour, and hunting was
considered a major factor driving survival and spatial behaviour.
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Introduction

Three hare species occur in the Iberian Peninsula: the brown
hare (Lepus europaeus), distributed in Northeastern Spain, the
broom hare (Lepus castrovigjoi) only found in the Cantabrian
Mountains and the Iberian hare (Lepus granatensis), which is
widespread in most of the Iberian Peninsula and the island of
Majorca (Rodriguez et al. 1997). The Iberian hare (hereafter just
‘hare’) is one of the most important small game species in Spain
and Portugal, especially in the open lands (northern and southern
plateaus) where they are hunted with greyhounds (Canis lupus
familiaris). In the period 2005-2017, an average of 884,000

>4 Carlos Sanchez-Garcia
investigacion @ fundacionartemisan.com

Research Group on Game Species Breeding & Management,
Departamento de Produccion Animal, Universidad de Ledn, Campus
de Vegazana, 24071 Leon, Spain

2 Fundacién Artemisan, Avda. Rey Santo 8, 13001 Ciudad Real, Spain

Department of Biodiversity and Environmental Management,
University of Leon, 24401 Ponferrada, Spain

hares were harvested through shooting and coursing (Garrido
et al. 2020) and in 2019 there were at least 12,000 hunters
devoted to coursing (Consejo Superior de Deportes 2019).

Game managers from different areas of Central Spain,
where hares were abundant decades ago, have recorded de-
clines on populations in recent years. Thus, in 2019 hare den-
sities in the region of Castilla-La Mancha were 50-60% lower
than the ones recorded in early 2000s (Lazaro et al. 2019), and
even local hare extinctions may had occurred, owing to a
combination of factors such as habitat change, intensive farm-
ing, inadequate game management and disease (Rodriguez
et al. 1997). In fact, in the late 1990s, a first outbreak of
tularemia in hares was detected in Castilla y Leon region
(Reviriego et al. 2000), and from July 2018, outbreaks of a
new myxomatosis virus have been detected in several regions
of Spain and Portugal (Agueda-Pinto et al. 2019; Dalton et al.
2019), affecting to populations on Central and Southern Spain
(Garcia-Bocanegra et al. 2019).

Hare translocation for hunting purposes in certain areas of
Spain seems to be a widespread technique, though there is a
lack of studies on the survival, spatial behaviour, habitat se-
lection, contribution to the hunting bag and effects on the
resident population. To the best of our knowledge, only one
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study evaluated these variables in 47 translocated and radio-
tagged hares and concluded that 52% of hares survived during
the closed season and 36% during the hunting season
(Rodriguez et al. 1997).

There are mixed results on the output of translocations for
brown hares, which occur naturally in Eurasia. Fischer and
Tagand (2012) considered that the translocation of brown
hares in Switzerland was a useful technique, because
translocated hares managed to settle and reproduce, not
showing significant variations compared to the source
population. However, Ferretti et al. (2010) found differences
on home range and habitat selection between translocated and
resident brown hares in Italy, while Sokos et al. (2014) found
that the survival rates in the wild of translocated hares were
higher than hares intensively and extensively reared.

It is likely that hare translocation will be used for hunting and
conservation purposes, especially in some areas where hares are
at low densities or recently extinct, especially after the outbreaks
of myxomatosis. Aiming to help those game managers and con-
servationist working on hares’ recovery through this technique,
this work evaluated the survival, home range, resting place se-
lection and causes of death of translocated hares in a typical
coursing ground in Northwestern Spain.

Material and methods
Study area

The field work was carried out from July 2010 to February
2011 in the private hunting ground of Pajares de los Oteros
(province of Leoon, Northwestern Spain, UTM ETRS89
X:296200 Y:4689400), which covers 5950 ha. The area has
an average altitude of 791 m asl and is mainly flat, being the
climate Mediterranean dry continental according to Papadakis
(1966). The study area was partially included in the Special
Protection Area for Birds ‘Oteros-Campos’ (ES0000194),
which holds populations of farmland birds of conservation
concern (www.rednatura.jcyl.es). Although agriculture was
intensive at the study site, the landscape retained
uncultivated land and grasslands, and no arable land
consolidation had been conducted.

Three main types of habitats were distinguished inside the
hunting ground using the Spanish Land Parcel Information
System (SIGPAC), with the following percentages: arable
land (hereafter AL), which were fields of barley (Hordeum
distichon), winter wheat (Triticum aestivum) and chick peas
(Cicer arietinum), covering 72% of the hunting ground; tradi-
tional vineyards (Vitis vinifera) (VI), 20%; and “other” (OT),
including uncultivated land, grasslands and forest, the remain-
ing 8% (Fig. 1).

Small game species were managed by local hunters and a
part-time gamekeeper, involving 20 water troughs located in
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the vineyards and uncultivated land area; five 100 ha areas
acting as hunting reserves together with a specific ground of
1500 ha where coursing was the only type of hunting allowed;
and control of predators, with 7 red foxes (Vulpes vulpes)
culled in March 2010 and 3 during the hunting season, 24
magpies (Pica pica) and 11 carrion crows (Corvus corone)
culled in April 2010. We could not conduct a proper estima-
tion of predator density, but this data showed that foxes were
present at the area during the whole study. In March 2010, we
conducted a hare count in the whole hunting ground using a
spotlight from a vehicle (Carro and Soriguer 2017), aiming to
choose the source and release areas. The average density for
the study site was 3.4 hares/100 ha.

During the open season 2010-2011 (12 October—15
January), hunting was only allowed in Sundays, on an average
of 10 people/day hunted hare with greyhounds in the open
lands. Red-legged partridges (Alectoris rufa) and wild rabbits
(Oryctolagus cuniculus) were hunted through walking-up
shooting, not being allowed hare shooting anywhere.

Translocation and radio-tracking

To study the survival and behaviour of the translocated hares,
they were first caught in a source area with relatively high
density (> 7 hares/100 ha) and released afterwards in an area
with a lower density (under 3 hares/100 ha), with similar pro-
portions of habitat types and keeping a minimum distance of
5 km away from the catching point. Hares were translocated
on 2nd and 12th July 2010, allowing enough time before the
beginning of the hunting season (October). We followed the
same methodology and equipment described by Sanchez-
Garcia et al. (2012a), using long nets and beaters, starting
captures at 8:00 a.m. and finishing not later than 11:00 a.m.
In all captured hares, the sex, age and body weight were de-
termined. We captured and released nine hares on the first day
and three on the second, discarding leverets to avoid radio-
tagging problems. Hares were marked with a Biotrack Ltd.
(TW-5), the radio-tag weighing 30 g and kept in a box in
darkness individually until releasing (Paci et al. 2012), which
occurred 60 min after capture.

The selected releasing area included the habitat types
where hare coursing was conducted. We aimed to replicate
the on-site translocations conducted by game managers to
increase hunting bags and prevent crop damage. At the releas-
ing area, we selected four releasing points, each of them with-
in plots of 20-40 ha which combined cereals and chick peas,
the latter sown in January—February 2010 and harvested in the
coming autumn-winter (Fig. 1). We avoided releasing hares
straight in vineyards, though releasing points were close to
them to provide a combination of habitats offering food, rest-
ing places and shelter. In each of the four plots, three hares
were released individually.
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Fig. 1 Location and map of the study area in Northwest Spain, showing the three main types of habitat considered (arable ‘AL’, vineyards ‘VI’, other
‘OT’) and the release points (1, 2, 3 and 4). The dots are radio-locations of translocated hares. Coordinate system UTM30 ERTS89

Radio-tracking was conducted from the day after releasing
until the animal was found dead. Hunters were warned about
the translocation of radio-tagged hares to increase tag recov-
ery. In the case the signal was lost, we expanded radio-
tracking outside the study area as dispersion may have oc-
curred. When a hare was no longer located, it was classified
as dead in the survival analysis. Radio-tracking was carried
out during daytime, avoiding harsh weather, and the frequen-
cy varied across the study period: from July to September
between 8:00-11:00 a.m. and 5:00-8:00 p.m., and from
October onwards from 9:00 a.m. to 4 p.m., avoiding weekends
when hunting occurred. To locate hares on their resting place,
we followed the triangulation method as described by
Sanchez-Garcia et al. (2012a) for the same species in a similar
landscape of Spain. To avoid unnecessary disturbance, we
aimed to locate and see hares at least once every 7-10 days,
trying not to flush them.

At the study area, cereal harvesting was conducted by the
end of July, and stubbles remained until mid-September, when
ploughing was conducted, the fields being sown afterwards in
October—November. As hunting started in October, we con-
sidered two main study periods: July—September, with no

hunting and partial vegetation cover in the arable fields, and
October—January, when hunting was conducted with limited
vegetation cover in the arable fields (with the exception of
plots of chick peas).

Data analysis

Multistate capture-recapture models were used to analyse the
survival and habitat selection of hares. A multistate model is a
model for stochastic process which each individual at any time
occupies one state from a set of discrete states. Also, we used a
hierarchical model because the detection process is not perfect
and usual survival analysis does not consider this process
separately (Houggard 1999; Gimenez et al. 2012). Note that
‘dead’ cases correspond to those hares in which death was
confirmed and those that dispersed from the study site.
Because the radio-tracking was always conducted in the
absence of harsh weather, we assumed that the detection prob-
ability (Po) was constant during the course of the study. The
survival of hares was analysed using gender (male, female)
and age (subadult, adult) as the two components of the indi-
vidual survival. Thus, the survival probability (Ps) for each
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individual (i = 1,....., 12) at time (t = 1,....., 18 dates of radio-
tracking) was estimated as:
Ps;; = Ps;xPs

where Ps** was the sex-specific and Ps“®® the age-specific

probability of survival. Because the days of sampling were
not equally spaced from each to other, we transformed the
resulting probabilities of survival to weekly survival probabil-
ities making the assumption that the probability of survival
was constant within dates of radio-tracking.

The multistate model considers a survival process (Sv) with
two states (1: alive, 0: dead) and an observation process (Ob)
with two states (1: located, 0: not located). Thus, the states of
each individual (7) at time (f) were estimated using the
Bernoulli probability distribution as:

Sv; ;~Bernoulli (Ps,-_H X Sv,;,,,l)
Ob; ,~Bernoulli (Po X Sv,;,,)

being Ps;, and Po the parameters to be estimated.

The resting place selection was analysed using movement
probabilities between the habitats where hares were located.
We consider a state process (S¢) with four states (present in
AL, VI, OT or dead) and an observation process (Ob) with
four states (located in AL, VI, OT or not located). Then, the
model included two four-dimensional matrices: a state-
transition matrix (S) and an observation matrix (O), with the
transition probabilities from row-state to column-state (for
more detail see Kéry and Schaub 2012). We made the assump-
tion that there was a general probability of survival (Ps) be-
tween sampling dates, because we did not want to investigate
sex/age covariate effects for each specific transition between
two habitats. Thus, the transition probabilities of each individ-
ual (i) at time (¢) to move from habitat £ = 1, ...., 4, were
estimated using the generalized Bernoulli (Categorical) prob-
ability distribution as:

St; ,~Categorical (Sﬁt—l )
Osfi ~Categorical (Oﬁ;—l )

The home range was computed using a bivariate kernel
function applied to the utilization distribution concepts and
the minimum convex polygon (MCP) estimator. The utiliza-
tion distribution (UD) represents the probability of finding an
animal at a given point. Then, the home range size was esti-
mated using the 95% MCP and the core area using the 50%
MCP.

The statistical analyses were conducted using the R 3.4
software (R Development Core Team, 2017), in particular
the ‘adehabitatHR’ package (Calenge 2006) to the home range
analysis. The Bayesian analysis applied to the survival and
resting place analysis was performed using JAGS 4.3.0
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(Plummer 2017). The first 10,000 iterations were treated as a
burn-in period and the following 500,000 iterations with
thinning interval of 10 were saved. The prior distributions
used to estimate the survival and observation probabilities
were uniform distributions while in the estimation of the
movement probability, a Dirichlet distribution was used. The
convergence was tested using Gelman and Rubin (1992) from
three chains generated with different initial values. Following
Mc Elreath (2018), the highest posterior density interval
(HPDI) was estimated using 89% interval while in the classi-
cal confidence intervals (CI), the usual 95% interval was used.

Results

A total of 12 hares were captured, radio-tagged and released:
eight females (five adults and three subadults) and four males
(three adults and one subadult). The radio-tracking was con-
ducted during 25 weeks (197 days after the first release), from
the 2nd of July 2010 until the 15th of January 2011. A total of
99 radio-locations were obtained. The estimated probability of
detection for the whole study was 0.872 (HPDI: 0.833-0.901).

Figure 2a shows the changes of the estimated survival
probabilities by sex and age. The median survival of adults
was 129 days and 99 for subadults, and the median survival of
females was 104 days and 85 days for males. For the whole
study, the mean survival probability of adults (P*! = 0.879,
HPDI: 0.838-0.921) was higher than subadults (P** =0.807,
HPDI: 0.740-0.873), being this the case for both males and
females.

Figure 2b shows the changes of the estimated weekly sur-
vival probabilities in relation to the hunting season. The sur-
vival probability during the closed season was higher for both
adults and subadults (P** = 0.835, P! = 0.894) when com-
pared to the one recorded during the open season. As soon as
the season was open, the survival probability of subadults
decreased (P** = 0.719, HPDI: 0.548-0.896) while in adults,
it remained relatively high (P*! = 0.860, HPDI: 0.785-0.933).
Quite the opposite, the survival probability during the close
season was significantly lower in males (P* = 0.905, P™ =
0.798), while during the open season no significant differ-
ences were found between males and females (Pf = 0.822,
P™ =0.831).

From the 12 hares released, it was not possible to determine
the probable cause of death in three individuals (which had
less than 2 radio-locations); hence the probable cause of death
was determined in nine hares: two were hunted (radio-tag
retrieved from hunters) and four were presumably predated
(one by fox and three by unknown predators, i.e. carcass
found or radio-tag with marks), not discarding those eaten as
carrion. In the remaining hares, radio-tags were found during
the hunting season but it was not possible to address whether
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they had been predated or hunted. Hence, in a first scenario,
77% of hares may have been predated (n = 7) and 23% hunted
(n=2), and in a second scenario 44% predated (n=4), 33%
‘unknown’ (n =3) and 23% hunted (n =2).

With regard to resting place selection, we found that the
probability of movement between the three types of habitats
varied significantly (p < 0.01) (Fig. 3). Once hares were locat-
ed in AL, they were less keen to move to VI (PVI = 0.190,
HPDI: 0.110-0.271) or OT (P°T = 0.168, HPDI: 0.096—
0.250). Thus, this behaviour resulted in a higher selection of
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considered: arable (AL), vineyards (VI) and other (OT). Significant dif-
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solid lines when significant differences existed and dashed lines when not
significant differences were found
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AL (Pt = 0.636, HPDI: 0.531-0.732) compared to the other
habitats.

The 8 hares with more than 4 radio-locations were used to
the home range analysis (Fig. 4). The average core area was
7.37 ha (CI: 4.03-10.70 ha, median 6.35 ha) and the average
home range size was 27.12 ha (CI: 18.54-35.69 ha, median
24.98 ha). No significant differences were found between
adults (26.2+87.1 ha) and subadults (48.5+13.7 ha) (x> =
0.43, df=1, P=0.47), while significant differences were re-
ported between males (57.1 +18.7 ha) and females (27.9 +
6.9 ha) ()(2 =343, df=2, P<0.05). In general, hares settled
their territories in ecologically complex areas where the three
types of habitats considered were present, and there was a core
area overlap across seven hares (Fig. 4).

Discussion

To the best of our knowledge, this is the second study dealing
with translocation of Iberian hares, an understudied small
game species in Iberia; hence, our results could fill research
gaps (Alzaga et al. 2013). The interpretation of our results
should be done with caution, as the sample size does not allow
generalizations.

Our survival values were halved when compared to results
from Rodriguez et al. (1997), who recorded in translocated
hares 52% while the hunting season was closed (240 days)
and 36% during hunting season (90 days), and also compared
to the results from Sanchez-Garcia et al. (2012a), who record-
ed in wild hares 13% of survival in 300 days in an area with no
hunting. Interestingly enough, Schultz (1980) recorded severe
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Fig. 4 Contour plot showing the estimated use of space by the 8 radio-
tracked hares using the bivariate probability density functions according
to the geographic coordinates. The areas may be considered a home range
(equivalent to the 95% MCP) when the probability is upper than 0.1 and

mortality (83% in 16 days) in translocated snowshoe hares
(Lepus americanus).

As three hares were lost during the first 2 weeks after re-
leasing, it seems that in the short term, some hares dispersed or
were predated owing to stress induced by handling as it has
been reported in many species of mammals and birds (Letty
et al. 2007), though we cannot discard natal dispersal occur-
ring in juveniles as described by Bray et al. (2007) in brown
hares. It is interesting to note that patterns of survival varied
among open/close hunting periods: during the close season,
survival was higher in adults and females while during the
open season, survival of subadults remained lower, with no
significant differences between males and females. In this
way, studies conducted in resident brown hares in France
showed that exploration movements were more likely to be
explained by hunting and related disturbances rather than natal
dispersal, which often coincides with the opening of the hunt-
ing season (Avril et al. 2014), and hunting induces higher
dispersion in hares when compared to areas with no hunting
(Bray etal. 2007). Owing to the fact that the majority of deaths
occurred after the opening of the hunting season, we are led to
believe that the overall low survival recorded in our study
could be explained mainly by disturbances from hunting,
though further research should confirm this hypothesis with
a large sample size. Despite the releasing area was managed
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as core areas (equivalent to the 50% MCP) when the probability is upper
than 0.5 (in grey). The white dots represent the centroid and the black dots
correspond to the radio-locations of translocated hares. In the back-
ground, the three types of habitats are represented (see Fig. 1)

for hares and predator removal was conducted, we cannot rule
out that predation affected the spatial behaviour and subse-
quent hare survival.

Presumed predation was identified as the main cause of
death, although in three hares it was not possible to determine
whether they had been predated or hunted. This is in agree-
ment with previous studies conducted on wild and
translocated Iberian hares (Rodriguez et al. 1997; Carro
2005; Sanchez-Garcia et al. 2012a) and also in wild and
captive-reared brown hares which are often subject to high
rates of predation, especially from foxes (Angelici et al.
2000; Schmidt et al. 2004; Panek 2009). The low number of
hares hunted (n =2) indicates that the contribution of
translocated hares to the game bag was limited, as previously
proved by Rodriguez et al. (1997) in Iberian hare and Santilli
and Galardi (2006) in a brown hare population of Ttaly. As we
did not observe leverets within the territories of females dur-
ing the field study and none of the hares survived the hunting
season, we could not confirm successful reproduction.

Hares showed a higher selection for arable when compared
to vineyards and other lands, and the areas where hares settled
down had a combination of the three main habitats considered.
In studies on wild hares, Sanchez-Garcia et al. (2012a) found a
high selection for uncultivated land in a study site dominated
by shrubland/forest and arable crops, while Rodriguez et al.
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(1997) at a similar habitat found a different selection of habitat
across the year, with an overall selection for grasslands and
crops. Thus, in our study translocated hares selected the more
open habitat (arable) but settled in patches where there was a
combination of habitats, a similar pattern than the one de-
scribed for wild hares, including hares occurring at different
habitats in southern Spain (Duarte et al. 2002; Carro 2005).
Also, in brown hares, it has been demonstrated that the wild
ones use more diverse patches when compared to translocated
(Ferretti et al. 2010), though with no significant differences in
some cases (Fischer and Tagand 2012). Although we did not
radio-track resident hares, these patterns may correspond to
the behavioural patterns of wild Iberian and brown hares
aiming to reduce predation risk and ensure feeding and breed-
ing performance.

The average values of home range were significantly lower
compared to the translocated hares studied by Rodriguez et al.
(1997), ranging 123-300 ha, and also lower but closer to the
values recorded in wild hares by Sdnchez-Garcia et al. (2012a)
and Carro (2005) at different habitats (range 32—40 ha). If we
look at studies on translocated brown hares, there are mixed
results, with either no significant differences compared to res-
ident hares (Fischer and Tagand 2012) or significant higher
home range (Ferretti et al. 2010). The fact that males had a
significant higher home range could be explained by their
need to explore new territories while females may tend to
reduce their home range to save energy for reproduction, a
similar conclusion found for wild hares by Sanchez-Garcia
et al. (2012a), and partially in agreement with the findings of
Rodriguez et al. (1997), showing in general higher values of
home range for males compared to females. One of the high-
lights of our study was that there was a core area overlap
across the majority of individuals (n =7), which agrees with
previous findings in the same species (Carro 2005). We are led
to believe that this overlapping is explained by the social
structure of the species, as suggested for the brown hare by
Riihe and Hohmann (2004), and we speculate that more di-
verse habitats may favour higher hare densities (Alzaga et al.
2013) and subsequent overlapping, though further research is
needed.

Taking our results and looking at previous studies on wild
hares, can translocation be considered a useful tool when
aiming to increase hunting bags or hare densities? With regard
to hunting, translocated hares are the only possibility to in-
crease hunting bags in some regions in Spain because there are
not many farms, and the number of hares produced in captiv-
ity is limited; in 2012 only 1000 individuals were produced
(Sanchez-Garcia et al. 2012b). Also, hare translocations are
not permitted in some regions to reduce disease transmission
(even on-site translocations with short distances between the
source and release areas). The low number of radio-tracked
hares in which hunted was confirmed points towards the idea
that translocation may not be a cost-effective practice owing to

the resources needed, but this may not be the case in hunting
grounds where hares may damage crops, being translocation
recommended rather than culling.

As no hares survived the hunting season and we could not
confirm successful reproduction within the areas where hares
settled, it is not clear whether translocation can be recom-
mended to increase hare densities in the wild. However, the
spatial behaviour was in general quite similar to wild hares,
and it is likely that with no hunting, survival and breeding
success may have been improved.

If we look at hare hunting bags during the last 20 years
(Garrido et al. 2020) and studies at regional scales (Lazaro
et al. 2019), it seems that the Iberian hare is declining.
However, like with other small game species, we think that
efforts conducted by managers and hunters should mainly
focus on increasing wild hare densities through monitoring,
habitat improvement, targeted predator removal and
adaptative hunting (Reynolds et al. 2010; Weber et al.
2019), rather than releasing captive-reared or translocated
hares. However, translocated hares may ensure hunting and
associated management, which is also important, and proba-
bly reduce hunting pressure on resident hares.

If hares are at very low densities or extinct, special care
should be taken to first address the limiting factors before
any translocation attempt. This may help to recover wild hare
populations and ultimately increase hunting bags, though fur-
ther studies in different management and hunting contexts
should be conducted to address whether translocation could
have conservation implications.
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