
Spatial organization and social relations in a
reintroduced population of Endangered Iberian
lynx Lynx pardinus
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Abstract In   Iberian lynxes Lynx pardinus were re-
leased in south-eastern Portugal, within the framework of
a Spanish–Portuguese reintroduction project. We examined
each individual’s use of space and social interactions during
the first year after their release. Lynxes were selected for
reintroduction according to behavioural, genetic and health
criteria and fitted with collars with VHF and global
positioning systems. Both males and females went through
an exploratory phase that lasted – days. The lynxes
did not exhibit any movement directionality from the
release site during the exploratory period. During August–
December  a stable nucleus comprising seven indivi-
duals (four males, three females) was established south-west
of the release enclosure. Although the males had a slightly
larger mean home range (. ± SE . km) than females
(. ± SE . km), the difference was not significant.
The knowledge obtained during the first year of the lynx re-
introduction project in Portugal is critical to support the fu-
ture of this reintroduction strategy. Our results suggest that
once the soft release technique is no longer possible because
of logistical constraints on the construction of more enclo-
sures, new individuals should be released in unoccupied
areas surrounded by occupied territories. This will promote
strong social ties to the resident population and prevent lynx
dispersal.
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Introduction

The Iberian lynx Lynx pardinus almost went extinct at
the beginning of the st century as a result of habitat

loss, persecution and the decline of its main prey, the
European rabbit Oryctolagus cuniculus (Guzmán, et al.,
; Sarmento et al., ). By  the species was
restricted to two breeding populations in Andalusia
(Doñana and Cardeña–Andujár), comprising c.  indivi-
duals, including  territorial females (Simón et al., ).
The species is categorized as Endangered on the IUCN Red
List (Rodríguez & Calzada, ).

In view of the imminent extinction of the Iberian lynx, a
captive-breeding programme was initiated in  to pro-
duce physiologically and behaviourally suitable individuals
for reintroduction (Vargas et al., ). By . 

lynxes had been born in four breeding centres (three in
Spain and one in Portugal).

A Spanish–Portuguese EU Life project was initiated in
 to identify, prepare and establish five reintroduction
areas with adequate capacity for a number of self-sustaining
Iberian lynx populations (Iberlince, ). The project and
its goals were included in the Spanish–Portuguese political
agreement for Iberian lynx conservation, which is super-
vised by the governments of both countries. Using the
IUCN guidelines for reintroductions (IUCN, ), a re-
introduction area in south-east Portugal was chosen for its
habitat suitability, size and high density of rabbits. In  
lynxes (five males, five females) were released in this area to
establish the foundation for a future population. This was
the first stage of a reintroduction process that will include
further releases over the next  years.

One of the most important aspects of any reintroduction
is the development of site fidelity in areas of habitat suitable
for reproduction (Devineau et al., ). Spatial organization
and social interactions are implicated in survival, dispersal
and breeding opportunities, and are therefore the founda-
tion for a viable population (Seddon et al., ), and the
spatial organization and social interactions established by
the individuals released during the first reintroduction
stage will influence the selection of release strategies in sub-
sequent years.

Iberian lynx populations are organized in a land tenure
system (Sandell, ), in which lynx density is regulated
through territoriality and temporal avoidance, with mar-
ginal spatial overlap among same-sex individual home
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ranges (Ferreras et al., ). Resident males defend their
territories antagonistically against male invaders, whereas
there are higher levels of overlap among females (Ferreras
et al., ). This structure is based on a polygynous mating
system in which each male usually holds an exclusive terri-
tory that is used by several females (Ferreras et al., ).
Data available about Iberian lynx social organization and
spatial distribution were obtained by monitoring free-
ranging lynxes via radio-telemetry (Ferreras et al., ;
Palomares et al., ). In a reintroduced population the an-
imals are captive bred and, once released, they will occupy
an area without territorial borders.

We examined use of space and social interactions in 

captive-reared Iberian lynxes during the first year after re-
lease. We hypothesized that lynxes would colonize and pro-
tect their home ranges based on a preceding rights and land
tenure system (Diefenbach et al., ) in which the first
lynxes to inhabit an area would be more successful in ex-
cluding others and sustaining the rights to that area.

Study area

The reintroduction area (c. ,ha ) in south-east Portugal
includes the Vale do Guadiana Natural Park, the Guadiana
Site of Community Importance (Natura  Network)
and their surroundings (Fig. ). The area is covered by
scrublands, typical of the dry thermo-Mediterranean envir-
onment. The Myrto communis–Querceto rotundifoliae
S. series is dominant, although the landscape is occasionally
dominated by sub-serial stages ofGenisto hirsutae–Cistetum
ladaniferi, Cistetosum monspeliensis and Rhamnetum oleoi-
dis. Scrublands are fragmented by cereal, pasturelands and
forests of Pinus pinea L. and Quercus rotundifolia L. subsp.

ballota. These vegetation patches occur mainly on the banks
of the Guadiana riverbed and in neighbouring valleys and
mountain sides. The area is bordered to the west by steppe
habitat composed of cultivated grassland.

Methods

Release protocol

During   lynxes were released in the Guadiana valley.
They originated from three breeding centres: Silves
(Portugal), Granadilla (Spain) and El Acebuche (Spain;
Table ). Lynxes were selected according to behavioural,
genetic and health criteria (Godoy et al., ), and evalu-
ated with a standardized veterinary protocol to assess their
body condition, thus verifying their fitness and minimizing
translocation risks (Martínez et al., ). They were fitted
with collars with two tracking systems: a VHF radio tag
(Sirtrack, Havelock North, New Zealand) and a global posi-
tioning system (GPS) that transmitted via the Global System
for Mobile Communications (GSM; MoveTech Telemetry,
Norwich, UK). The collars were programmed to transmit
their locations every  hours. When acquiring locations,
collars remained active for minutes, sending  consecutive
locations and three-dimensional accelerometer readings at a
rate of  Hz. Consecutive GPS fixes and accelerometer data
were used as a mortality sensor (potential mortality was
considered when two consecutive location readings regis-
tered the same coordinates and no movement was detected
in the accelerometer data). VHF locations were obtained at
least once per day through ground triangulation, using a
two-element antenna (Supplementary Table S). For each
location we used – azimuths of the lynx’s signal, with an

FIG. 1 Location of the Iberian lynx
Lynx pardinus reintroduction area
in south-east Portugal.
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angle of –° between two azimuths, within a -minute
period between consecutive measurements. VHF locations
(usually allowing for precision of ,  m) were almost
always obtained between two consecutive GSM locations.
VHF locations facilitated direct observation of lynxes to
confirm their condition. Both GPS fixes and VHF positions
were used for the analysis, and the ratio of GSM and VHF
positions varied between individuals (Supplementary
Table S).

The  lynxes were introduced in a , ha private estate
(Romeiras), henceforth referred to as the release estate,
where a  ha soft-release enclosure was installed (Fig. ).
The first eight lynxes were introduced using a soft-release
technique. Several reintroduction programmes for similar
species have used this technique, as it provides behavioural
and survival advantages to the released animals (Devineau
et al., ).

Initially two individuals were placed in the soft-release
enclosure, to acclimatize them to the new environment
(Table ) before release. This procedure was repeated for
three more lynx pairs, one pair at a time, before release.
The first three pairs comprised a male and a female, but
the fourth pair comprised two females (Table ) because
of logistical constrains in the breeding centres. Lynxes
were held captive for – days (fed with wild rabbits) be-
fore being released by opening the enclosure doors. The last
two males were released directly to the wild near the soft-
release enclosure (Table ).

Exploratory movements

Home range size accumulation curves were obtained by
plotting the %minimum convex polygon against cumu-
lative locations until the maximum home range size was
reached, which marked the end of the exploratory period
(Sarkar et al., ). During the exploratory period the ap-
proach of Sarkar et al. () was used to study movement
directionality away from the release sites. Distance from the
release site and angular distribution were calculated for each

location. We used the Rayleigh Z-test in Oriana v. 

(Kovach, ) to test the uniformity of angular distribution.
We tested a null hypothesis that there was directionality for
all angular distributions, maintaining the release site as
the mid-point. If the lynxes did not exhibit any movement
directionality from the release site during the exploratory
period, the null hypothesis was rejected. We calculated the
mean vector of movement directionality (μ), the mean
vector length (r) and the circular standard deviation.

Home range analysis

The analysis was conducted for four periods, February–
March, April–May, June–July and August–December .
We chose -month periods initially to acquire at least 
month of data for each newly released lynx, as they were
released at irregular time intervals (Table ). From August
onwards all lynxes had stable home ranges.

Before estimating lynx home ranges, site fidelity and time
to statistical independence were calculated for each individ-
ual (Laver & Kelly, ; Supplementary Fig. S). Absence of
site fidelity and presence of exploratory behaviour were ex-
pected, particularly during the first weeks; later, the pres-
ence of conspecifics would contribute to the establishment
of stable home ranges. Home range analyses were not per-
formed in the absence of site fidelity to avoid biased home
range estimates.

Site fidelity was calculated using two metrics: () the
mean squared distance from the centre of activity, which
measures dispersal of use around the home-range centroid
(indicating the centre of activity), and () a linearity index,
in which the linear distance between the start and end of a
lynx’s path is divided by the total distance travelled (Spencer
et al., ). Both metrics were assessed for the real path
travelled by a lynx, concerning daily and multiday move-
ments (i.e. movements in a given direction that lasted
more than one day). For example, if a lynx moved in a
north-west direction for  days and then changed direction,
we considered the  days as a multiday period. For each lynx

TABLE 1 Data on the  Iberian lynxes Lynx pardinus released in south-east Portugal (Fig. ) during .

ID Sex Breeding centre
Year of
birth

Introduced to the
soft-release enclosure Released in the wild

No. of days
in captivity

M01 Male Zarza de Granadilla 2013 16 Dec. 2014 1 Feb. 2015 47
F01 Female Silves 2012 16 Dec. 2014 1 Feb. 2015 47
M02 Male El Acebuche 2013 7 Feb. 2015 25 Feb. 2015 18
F02 Female Silves 2013 7 Feb. 2015 25 Feb. 2015 18
M03 Male El Acebuche 2014 4 Mar. 2015 16 Apr. 2015 43
F03 Female Silves 2014 4 Mar. 2015 16 Apr. 2015 43
F04 Female Zarza de Granadilla 2014 28 Apr. 2015 11 May 2015 13
F05 Female Zarza de Granadilla 2014 28 Apr. 2015 11 May 2015 13
M04 Male El Acebuche 2014 14 May 2015 0
M05 Male Silves 2013 14 May 2015 0
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and each metric, mean and standard error values were cal-
culated using  randomly generated paths. We considered
that a lynx exhibited site fidelity if the mean squared dis-
tance from the centre of activity or the linearity index values
were significantly lower (using the % confidence interval)
than the mean values obtained for the  randomly gener-
ated paths (Spencer et al., ).

Time to statistical independence was calculated using
the method of Swihart & Slade (), which defines the
critical time interval after which two subsequent relocations
are statistically independent. To determine time to statistical
independence, Schoener’s V index was calculated for in-
creasing time intervals until the expected value under inde-
pendence (i.e. ) was reached within a given confidence
interval (Swihart & Slade, ). Site fidelity and time to stat-
istical independence were estimated using the rhr package
(Signer & Balkenhol, ) in R v. .. (R Development
Core Team, ).

Home ranges were estimated by the fixed kernel estima-
tor using the  and % probability contours, with a m
reference band width (smoothing factor, h), computed by
least squares cross validation as suggested by Powell

(), using the adehabitat .. package (Calenge,
) in R.

Individual interactions

We quantified two types of individual interactions: static
interactions, which can be defined as the spatial overlap of
two individual home ranges (Millspaugh et al., ), and
dynamic interactions, which correspond to the inter-
dependency between two individuals’ movements.

The proportion of overlap (overlap index, OI) between
two overlaid home ranges (Millspaugh et al., ) was cal-
culated as:

OI = HRa >HRb

HRa <HRb

where HR is the corresponding home range area of indivi-
duals α and β, using the % contour of the kernel density.
This metric was also used to quantify the amount of overlap
between two consecutive home ranges of each individual in
the defined -month periods.

TABLE 2 Seasonal variation, site fidelity and time to statistical independence (number of hours necessary for two consecutive locations to be
time independent) in the estimated home ranges of the Iberian lynxes (Table ) introduced in south-east Portugal (Fig. ) during .

No.
of fixes

Site
fidelity

Time to statistical
independence (h)*

Home range (km2)*

95% kernel 50% kernel

February–March
M01 204 Yes 5 8.07 0.86
F01 182 Yes 14 3.33 0.37
M02 76 No 12 NC NC

April–May
M01 149 Yes 8 9.08 1.97
F01 96 Yes 9 6.86 1.75
M03 87 Yes 11 4.53 1.09
F03 109 Yes 15 2.94 0.68

June–July
M01 113 Yes 9 13.37 4.69
F01 99 Yes 18 4.25 0.67
M03 74 Yes 9 1.84 0.40
F03 177 Yes 12 0.78 0.21
F04 112 No NC NC NC
F05 93 Yes 11 9.44 2.12
M04 111 Yes 10 2.65 0.83
M05 168 Yes 10 5.80 1.69

August–December
M01 124 Yes 11 12.33 3.26
F01 97 Yes 14 4.54 0.58
M03 78 Yes 12 11.36 5.76
F03 125 Yes 12 4.62 0.85
F04 119 Yes 12 22.03 2.19
F05 78 Yes 8 4.68 0.99
M04 98 Yes 10 9.23 2.62
M05 96 Yes 10 11.79 4.57

*NC, not calculated
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Shirabe’s () correlation coefficient (Cr) was used
to measure the degree of correlation in movement data
between individuals. It takes the form of a multivariate
Pearson product-moment correlation coefficient, and va-
lues range from − (negatively correlated movements) to 

(correlated movements). Cr values near  indicate random

movements in relation to the other individual. This index
was analysed on a monthly basis, as no home range or site
fidelity analyses were required.

Spatial and temporal interactions between each pair of
lynxes were analysed using the statistics LAA, LBB, Lixn, ac-
cording to Minta (). LAA and LBB are spatial interaction

FIG. 2 Seasonal variation in the home ranges of the Iberian lynxes (Table ) reintroduced in Portugal in , using the % fixed
kernel estimator: (a) February–March, (b) April–May, (c) June–July, (d) August–December.

FIG. 3 The increase in the % minimum convex polygon of Iberian lynx locations, with the number of days of radio-tracking of
individuals (Table ) reintroduced to Portugal (Fig. ); the vertical line represents the end of the exploratory period.
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statistics that examine how individuals A and B use their in-
dependent andmutual home range areas. LAA&  indicates
that individual A uses the mutual area randomly, whereas
LAA.  indicates spatial attraction to the mutual area,
and LAA,  indicates spatial avoidance of the mutual
area. The same applies to LBB for individual B. The Lixn stat-
istic is the ratio between the simultaneous use or avoidance
of the mutual area and the solitary use or avoidance of the
mutual area. Therefore, the Lixn statistic is a measure of the
simultaneity of use of the mutual area.

Following Atwood &Weeks (), temporal interaction
coefficients were pooled across time intervals, and compar-
isons among pair types (M|M, M|F and F|F) were made
using Kruskal–Wallis tests. When these were significant
(P, .) we used Mann–Whitney U statistics to

determine which groups differed. Analysis of the Minta
coefficients was conducted for the final period only
(August–December ), as it was dependent on site
fidelity and could be meaningful only in a relatively stable
stage of social organization. All interaction analyses were
performed using the wildlifeDI package in R (Long, ).

Results

Individual histories

During February–March  we released and tracked four
lynxes (Table ). Two of these exhibited site fidelity
(Supplementary Fig. S; Table ). The first pair (M and

FIG. 4 Movement direction of the Iberian lynxes (Table ) following their release in south-east Portugal (Fig. ). The straight line
represents the mean vector of directionality of movement (μ), and the bar represents the circular standard deviation.
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F) was released on  February. They immediately colo-
nized the area surrounding the soft-release enclosure, and
their individual seasonal home ranges had only small varia-
tions in area and temporal overlap (Fig. ; Table ). The area
surrounding the soft-release enclosure became the core
area for both individuals, as they were attracted there by
the presence of the second pair, which remained enclosed
for  days (Table ). During that period, M and F
spent a mean of . ± SE . and . ± SE . hours per day,
respectively, circling the fence, with frequent antagonistic
encounters with M.

It was not possible to perform a home-range analysis of
the second pair, as M did not exhibit site fidelity
(Supplementary Fig. S; Table ) and F died on  March
after eating poisoned bait outside the release estate. When
M was released, its movements were mostly concentrated
outside the home ranges of M and F (Supplementary
Fig. S). On  March M dispersed northwards, moving
c.  km from the soft-release enclosure, where it remained at
least until August, when both GPS and VHF signals were lost.

The third pair did not disperse significantly from the
soft-release enclosure (maximum distance of . and
. km for M and F, respectively) despite considerable
variation in their individual home ranges across time peri-
ods (Fig. ; Table ). Initially both animals remained in the
north-west of the release estate, where they remained until
the beginning of June, and then moved southwards (Fig. ).
M sustained a leg fracture at the beginning of July. He was
captured promptly, and released again in October (a full ac-
count of M’s rehabilitation process after the injury will be
presented elsewhere).

Females F and F differed from each other in terms of
behaviour. F dispersed to the north-west (into steppe
habitat), moving  km from the soft-release enclosure in
 days (Supplementary Fig. S). She then turned back
and established a home range in the proximity of the
other lynxes (Supplementary Fig. S). From August on-
wards F displayed site fidelity (Supplementary Fig. S;
Table ) and became territorial, despite the relatively large
home range (Fig. ; Table ). The other female (F) did
not disperse and displayed site fidelity during June–July
(Fig. ; Table ). Originally, she established a home range
north of the release estate, in the vicinity of M’s home
range (Fig. ). However, in mid July F dispersed north-
wards, up to  km from the previous home range centroid.
She made an  km circular movement around the borders
of the Vale do Guadiana Natural Park, and swam across the
Guadiana River on two occasions (Supplementary Fig. S).
She did not return to the previous nucleus, and established a
home range in the centre of the Park (Fig. ).

The males M andM, introduced by hard release, did
not disperse, and established their home ranges in the
southern part of the lynx nucleus (Fig. ). Their seasonal
home range was relatively stable and the main change

between June–July and August–December was the west-
wards enlargement of their home range (Fig. ; Table ).

During the exploratory phase males covered – km

(mean =  ± SE . km) in – days (mean = . ±
SE . days) (Fig. ). Reintroduced females explored
–, km (mean = . ± SE . km) in – days
(mean = . ± SE . days). The duration of the explora-
tory period and the size of the explored area did not vary
between sexes (Mann–Whitney–Wilcoxon test:W = ., P = 

andW = , P = ., for males and females, respectively).
Lynxes did not exhibit any movement directionality from

the release site during the exploratory period (Fig. ).
Dispersal movements varied between all individuals (Fig. ;
Table ) despite some similarities between F, M andM.

During August–December a stable lynx nucleus com-
prising seven individuals (four male, three female) was es-
tablished south-west of the soft-release enclosure. M

was re-released at the end of October, following recovery
from the leg fracture, and went on to establish a home
range north-west of the soft-release enclosure, displaying
site fidelity (Supplementary Fig. S; Table ).

Considering only August–December , there were no
differences between mean home range sizes of males and fe-
males (. ± SE . and . ± SE . km, respectively;
Mann–Whitney–Wilcoxon test: W = , P = .).

Static interactions

F|M was the only dyad analysed for all four periods.
They displayed high overlap (. .) of their home ranges
(Fig. ; Table ). There was also high overlap between the
home range of M and those of F, F and F, particu-
larly during August–December (Fig. ; Table ), when M

was the only male whose home range overlapped with those

TABLE 3 Results of Rayleigh test of uniformity for the lynxes
(Table ) released in south-east Portugal (Fig. ) during . We
tested a null hypothesis that there was directionality for all angular
distributions, maintaining the release site as the mid-point. If the
lynxes did not exhibit any movement uniformity from the release
site during the exploratory period, the null hypothesis was rejected.

Lynx

Rayleigh test

μ (°)1
Circular standard
deviation (°) r2Z P

M01 90.37 , 0.01 159.94 67.629 0.498
F01 169.851 , 0.01 237.459 50.99 0.673
M02 45.226 , 0.01 75.066 33.761 0.841
M03 208.996 , 0.01 264.078 43.096 0.754
F03 208.382 , 0.01 253.113 43.208 0.752
F04 64.568 , 0.01 26.011 75.586 0.419
M04 180.434 , 0.01 215.637 20.47 0.938
M05 102.868 , 0.01 223.16 71.631 0.458

μ, mean vector of movement directionality
r, mean vector length
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of three females. M overlapped with two females and M

overlapped only with F.
Considering the last period, the mean overlap of male

home ranges was . ± SE ., and of female home ranges
. ± SE .; the mean intersexual home range overlap was
. ± SE .. There were no significant differences in sea-
sonal overlap of home ranges within pair types (F|F, F|M
and M|M; Kruskal–Wallis test: χ = ., P = .).

Dynamic interactions

Dynamic interactions were evaluated for the final population
nucleus, comprising M, M and M, and F, F and
F. M was excluded to avoid biased results. Considering
all possible dyad combinations, M|M was excluded be-
cause there was no contact between their home ranges.

Shirabe’s () correlation coefficient indicated that
several dyads had positively or negatively correlated move-
ments (Fig. ). Positive interactions were observed between
F|M, F|M and F|M during August–December.
Negative interactions were detected for M|M and M|
M (Fig. ). In general, movements of female dyads were
uncorrelated.

During August–December none of the dyads showed sig-
nificant simultaneous attraction to their home range overlap
area (Fig. ). Two female–male pairs (F|M and F|
M) exhibited non-simultaneous attraction to the overlap
area, and four female–male pairs (F|M, F|M, F|
M and F|M) exhibited only male attraction to the over-
lap area (Fig. ). Male avoidance of the overlap area was ob-
served in dyad F|M (Fig. ), possibly because of the low
home range overlap. Among females no attraction or

FIG. 5 Seasonal home range overlap index for Iberian lynx dyads released in Portugal (Fig. ) in .

TABLE 4 Home range overlap proportions for each lynx (Table ) introduced in south-east Portugal (Fig. ) during  during two con-
secutive periods.

M01 F01 M02 M03 F03 F04 F05 M04 M05

Feb.–Mar./Apr.–May 0.78 0.67 0.00
Apr.–May/June–July 0.65 0.61 0.82 0.01 0.29 0.00 0.00
June–July/Aug.–Dec. 0.79 0.67 0.11 0.37 0.29 0.00 0.52 0.57
1st season/last season 0.67 0.45 0.13 0.00 0.00 0.00 0.52 0.57
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repulsion was observed in either spatial (LAA and LBB) or
temporal interactions (Lixn). Considering males only, there
were two cases of significant attraction of one individual to
the overlap area (M in relation to M and M in relation
to M), but never simultaneously (i.e. M’s attraction in
relation to M did not occur in the same period as M’s at-
traction in relation to M). Coefficients of temporal inter-
action for pair types differed significantly (Kruskal–Wallis
test: χ = ., P = .), with coefficients for male–male
pairs being substantially lower than coefficients for male–
female and female–female pairs (Mann–Whitney–Wilcoxon
test: W = ., P = .).

Discussion

The Iberian lynx reintroduction programme in Portugal was
not planned primarily as a trial to evaluate reintroduction

strategies but was constrained by the enclosure capacities
of the breeding centres. When more space was needed for
newborn lynxes, the individuals previously selected for the
reintroduction programme were translocated.

All stages involved in releasing animals into a new envir-
onment can cause distress to the animals (Letty et al., ),
and a negative post-release effect, especially on body condi-
tion, has been observed not only in Iberian lynxes (Simón
et al., ) but also in other felines (Devineau et al., ;
Sarkar et al., ). In this context, the soft-release enclosure
could be critical to acclimatize lynxes to the wild, even though
wewere not expecting that all individuals would remain in the
nearby area because of the territorial behaviour of previously
released individuals. Only the first pair of released lynxes re-
mained in the nearby area; all others moved further away
from the soft-release enclosure, probably as an effect of com-
petition. Although several lynxes remained in the vicinity of

FIG. 6 The degree of correlation in movement data between Iberian lynx dyads released in Portugal (Fig. ) in , according to
Shirabe’s () correlation coefficients.
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the first pair’s home range, in time a social organization was
established (Fig. ), which hadmany similarities to the organ-
ization described for wild populations (Ferreras et al., ;
Gil-Sánchez et al., ; López-Parra et al., ), including
low home range overlap between males (c. %) and between
females (c. %), female home ranges of .–. km, and an
intersexual home range overlap of c. % (Ferreras et al., ;
Gil-Sánchez et al., ; López-Parra et al., ). However,
these similarities are not always observed in a reintroduction
context: female–female overlap was practically the same as
male–male overlap in several Spanish reintroduction areas
(Miguel Simón, pers. comm.). Further detailed analyses are
required to investigate potential differences in the social or-
ganization of wild and reintroduced lynx populations.

Themovement patterns observed during the last phase of
the study are also indicators of social organization, particu-
larly avoidance between males, correlated male–female
movements, and male attraction towards the areas where
their home ranges overlapped with those of females. This
scenario is typical of feline populations (Schmidt et al.,
; Elbroch et al., ) and is an indicator of the reintro-
duction’s success during the first year.

By the end of  the observedmortality of reintroduced
lynxes was % and there was a relatively stable nucleus of
four males and three females, each with overlapping home

ranges with at least one other individual. From January 
onwards it was not possible to continue the analysis of social
interactions using the same type of data, as the tags’ batteries
were no longer operating. Since then we have been using
camera-trapping to monitor the individuals released in .

Camera-trapping confirmed lynx reproduction in June
, when F was photographed with one cub and F
was photographed with four cubs. By the end of  all
juveniles were still alive. These were the first lynx repro-
duction events recorded in Portugal in.  years. The pres-
ence of cubs, and their survival, confirms the suitability of
the area chosen for lynx reintroduction. The social organiza-
tion that the lynxes established in the reintroduction area
facilitated stable home ranges, patrolling behaviour and
intersexual encounters.

Understanding exploratory movements and home range
characteristics is crucial within the reintroduction context,
as they influence survival, fitness and overall success
(Sarkar et al., ). The soft-release enclosure contributed
to the first pair settling nearby and it also had an attractive
effect on the second pair. The soft-release enclosure was
probably a determinant in establishing the population nu-
cleus. Not all released lynxes were expected to stay in the
study area, and three cases of dispersal were observed.
M probably dispersed because of the negative effect of

FIG. 7 Minta () coefficients (LAA, LBB, Lixn) for Iberian lynx dyads released in Portugal (Fig. ) in . LAA and LBB are spatial
interaction statistics that examine how individuals (A and B) use their independent and mutual home range areas. The Lixn statistic
depends on the ratio of simultaneous use (and avoidance) of the mutual area and solitary use or avoidance of the mutual area. * indicates
significant values with P, ..
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M and F near the release site. F initiated an explora-
tory movement without any apparent cause after maintain-
ing a relatively stable home range for months. In , M

dispersed towards the Donãna National Park, where it was
captured by the Spanish Life project team. Before disper-
sing, this individual displayed a stable home range, and
causes of dispersal were not determined. Confirming
dispersal between the Portuguese reintroduction area and
the lynx population in Doñana was an important finding,
particularly as Doñana is surrounded by man-made barriers
that impede movements, and thus connections to other lynx
populations are possible only through narrow bottlenecks
(Blazquez-Cabrera et al., ).

The lynxes in our study did not exhibit any directional
movement from the release site during the exploratory per-
iod. All individuals had an exploration phase, in which most
visited areas of unsuitable habitat (e.g. steppe), probably
searching for suitable resources.

The establishment of home ranges and social interactions,
the occurrence of reproduction, and juvenile survival indicate
the reintroduction programme’s success and confirm the
availability of suitable habitat in the reintroduction area
(Sarkar et al., ). Predictive models had already demon-
strated the suitability of the study area for lynx reintroduction,
and the knowledge obtained during the first year confirmed
the results of these models. Other individuals will be released,
until , by hard-release techniques in unoccupied areas
surrounded by occupied territories, which should promote
strong social ties within the resident population, to prevent
dispersal. Intensive post-release monitoring continues, to in-
crease survival and produce critical information for popula-
tion management by assuring that released individuals are
in good body condition and in areas where there is no poach-
ing. To some extent our findings confirm the preceding rights
and land tenure system based on territorial defence against
conspecifics (Diefenbach et al., ), although more data
from the reintroduction programme will be required to con-
firm this, as more individuals are released.
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