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ABSTRACT Empty but suitable habitat exists for many of the world’s terrestrial large
carnivores, yet reintroductions are often considered difficult. In the Russian Far East,
orphaned Amur tiger (Panthera tigris altaica) cubs were brought into captivity but
prepared for re-release into the wild. We addressed 2 questions after reintroduction: 1)
were individuals raised in captivity capable of killing prey at a rate sufficient to survive,
and 2) did individuals avoid use of domestic animals as a primary source of food? We
collected data on hunting behavior of 6 orphaned tigers re-released into their indigenous
range, and compared Kill composition, kill rate, and consumption rate to individuals
studied within the existing range (Sikhote-Alin) of Amur tigers. Prey composition of
rehabilitated tigers varied from that of the Sikhote-Alin tigers, but composition of major
food groups was nearly identical. Kill rate of rehabilitated tigers was higher and prey size
was smaller than that of Sikhote-Alin tigers, but consumption rates were nearly identical.
One young male tiger depredated domestic animals, but other individuals only rarely
preyed on dogs or cattle they encountered in forests. We documented high survival,

reproduction, and recruitment of re-released individuals. These results indicate that tigers
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held in captivity during the majority of their early lives can survive in the wild, so long as
exposure to humans is kept to a minimum and individuals learn to hunt wild prey before
release. Results provide a potential framework for reintroductions of tigers and other

large felids across the globe.
(Russian language title and abstract follows)

PeaOuimmranus TUIPOB VI paclIMpeHns UX apeasa: onbIT HA JlanbHeM BocToke

Poccun

ABCTPAKT /1511 MHOTHX KPYIIHBIX TEPPUTOPUAIBHBIX XUITHUKOB CYLIECTBYET
MIPUTOHOE NIl OOUTaHMSI, HO €Ile HE 3acelIEHHOE MPOCTPAHCTBO, OJHAKO BHEIPCHHE
MporpaMM PeMHTPOLYKIUHU ISl YBEJIMUEHUSI YUCICHHOCTH 3TUX )KUBOTHBIX CUUTAETCS
cnoxHou 3anaueid. Ha Jlanpaem Boctoke Poccuu turpsita, octaBiimecs 6e3 MaTepu,
COJIEpXKAJIKCh B HEBOJIE MEPE]] OCIEYOIIMM BO3BpALlIEHUEM B UX UCTOPUUYECKHI apeal.
[Tocne peuHTPOIYKIIUHN TUTPAT-CUPOT OBLIN UCCIIEIOBAHbI ABa BoIpoca: 1) cnocoOHbI Jin
0CcOo0H, BhIpAIlIEHHBIE B HEBOJIE, TOOBIBATh JKUBOTHBIX C YaCTOTON JOCTATOYHOM JIJIs
BBDKUBaHUS? U 2) OyyT JTU OHM M30€TaTh KOHTAKTOB C JIFOJbMHU M OXOTHI HA JOMAIITHUX
*KUBOTHBIX? brlna coOpana nHpopmarus 00 OXOTHUYLEM MTOBEJCHUH IIIECTH TUTPST-
CHUPOT, PEMHTPOIYIIUPOBAHHBIX B UCTOPUUECKUM apeasl aMypCKOTO TUTpa, U IPOBEJAECHO
CpaBHEHHUE paIlMOHa, YACTOTHI JOOBIYH KEPTB U YPOBHS MOTPEOJIEHUS C JaHHBIMH,
MOJTYYEHHBIMH OT 0COOEH, UCCIIeTOBAaHHBIX B COBpeMeHHOM apeane (Cpexanii Cuxota-
ATMHB) aMypCKUX TUTPOB. BU0BOM cOCTaB palmoHa peMHTPOIYIIUPOBAHHBIX TUTPOB U
TurpoB Cpeanero CuxoTdy-AJMHS 3HAYUTEIBHO Pa3JIMYaJICs, OJJHAKO COCTaB pallioHa 1o
rpymnmamM J100b19u ObLT MPAaKTHYECKH UACHTHYEeH. YacToTa JoOBIYH KEepTB

PECUHTPOAYIIUPOBAHHBIX TUTPOB ObLIa BBIIIC, a pasMep I[O6BI‘{I/I — MCHbBIIC IO CPABHCHUTIO
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¢ Turpamu u3 Cpennero Cuxors-AnuHs, 0HAKO YPOBHH MTOTPEOICHUS OKA3aIUCh
CXOKUMH. XOTs OJIMH MOJIOJION PEMHTPOAYIUPOBAHHBIN caMell OXOTUJICS Ha IOMALTHUX
KUBOTHBIX, APYTHE 0COOM PEIKO HAIaadl Ha COOAK UM CeIbCKOX03HCTBEHHBIX
YKUBOTHBIX, C KOTOPBIMU OHHU CTAJIKMBAJIUCh B AUKOU ITpupone. Y
PEHHTPOAYLIUPOBAHHBIX 0c00eH 3aMKCUPOBAaH BEICOKUI YPOBEHb BKUBAHUS,
Pa3MHOXKEHHUS U BOCIIOJHEHUs. DTH PE3YJIbTaThl IOKa3bIBAOT, UTO TUTPHI,
HaXOJMBLIMECS B HEBOJIE B TeUEHHE OOJIbIICH YacTH CBOEr0 IOBEHUJIBHOIO IEpUO/Ia,
CIOCOOHBI YCHEIIHO aAaTUPOBAThCA K AUKON MPUPOJIE, IPH YCIOBUH, YTO B IIEPUOJ
peabunutanu ocodbr o0yyaroTcs 0X0Te Ha JUKUX )KUBOTHBIX, @ KOHTAKT C YEJIOBEKOM
CBEICH K MUHUMYyMY. [loilydeHHbIE pe3ynbTaThl MOTYT IOCIYKUTh OCHOBOW IS
MIPOBEICHUS PEUHTPOIYKIIMU KPYITHBIX KOIIAYbHX, BHIPALICHHBIX B HEBOJIE B PA3IMUHBIX

peruoHax mMupa.

Graphical abstract

We assessed whether orphaned Amur tiger cubs, raised in captivity and released back into the
wild, could adequately acquire wild prey and avoid use of domestic animals. Cubs were raised
with minimal human contact and provided live, wild prey throughout their time in captivity. Upon
release, consumption rate of tigers was similar to that of other Amur tigers in wild, with a similar
focus on large ungulates as the primary prey. One released animal Killed domestic animals and
was re-captured. The other 5 tigers thrived in the wild, providing a potential framework for
reintroductions of tigers and other large felids across the globe.
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SABZ tigers Pri-Amur rehabilitated tigers
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Large carnivores — 6%
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Ungulates — 88% Ungulates — 86%

KEYWORDS Amur tiger, diet composition, Kill rate, Panthera tigris, reintroduction
Reintroduction, restoration, or rehabilitation and release of large carnivores are

considered difficult tasks with major risks. Yet as populations of large carnivores decline
in size and distribution, the calls for reintroductions increase (Wolf and Ripple 2018).
Apparently suitable but uninhabited landscapes for large carnivores may be relatively
abundant. For instance, it has recently been determined that tiger (Panthera tigris)
distribution could increase by as much as 50% by restoring tigers to suitable but
uninhabited landscapes across Asia (Sanderson et al. 2023, Gray et al. 2023). Yet release
of large carnivores back into the wild is nearly always controversial because they are

often perceived as a threat to humans (Hebblewhite et al. 2011, Johansson et al. 2016).
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Although the topic of large carnivore reintroductions is often approached cautiously
(Johnsingh and Madhusudan 2009, Jackson and Ale 2009, Kelly and Silver 2009),
reintroductions are occurring and seem to be getting more common, especially for large

felids (Hayward and Somers 2009, Becker et al. 2022, Miquelle et al. 2024).

There are approximately 4,500 tigers remaining in the wild in Asia (Goodrich et al.
2022), occupying only 8% of their indigenous range (Sanderson et al. 2023). In northeast
Asia, Amur tigers (P. t. altaica) range over a large landscape (approximately 180,000
km?; Hebblewhite et al. 2014, Qi et al. 2021), but much potential habitat (Sanderson et al.
2023) is uninhabited. In the Pri-Amur region, tigers originally occurred along both sides
of the Amur River: in Amur Oblast and the Jewish Autonomous Oblast (JAO) in Russia,
and in the Lesser Khingan Mountains of China’s Heilongjiang Province (Heptner and
Sludskii 1992, Yachmennikova et al. 2023). Tigers in these areas were largely extirpated
in the 1950s through the 1970s. Since then, dispersing males from the Sikhote-Alin
Mountains were regularly documented in the Pri-Amur area (Kolobaev et al. 2005,

Yachmennikova et al. 2023), but no breeding population had developed.

One continuing aspect of the human-tiger interface in Russia is the occasional
appearance of young, abandoned cubs. Although the exact cause of abandonment is not
usually known, we suspect that females with cubs are more likely to stand their ground to
defend cubs from approaching humans, making them more vulnerable to poaching, which
is the primary source of mortality for Amur tigers (Goodrich et al. 2008, Robinson et al.
2015). In the past, young cubs without a mother were usually taken into custody and

shipped to zoos (Spitsin et al. 1987, Yudakov and Nikolaev 2012).
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In 2012 the A. N. Servetsov Institute of Ecology and Evolution, of the Russian Academy
of Sciences, completed construction of a tiger rehabilitation center in the Russian Far
East in time to receive a female cub orphaned at approximately 4 months of age
(Rozhnov et al. 2021). In 2013, 5 more tiger cubs arrived at the facility, all 3-5 months of
age (Rozhnov et al. 2018). Since then, the Amur Tiger Center has overseen the
rehabilitation of at least another 9 tigers (ANO Tiger Annual Reports: https://amur-
tiger.ru/en/library?filter=cat-4, accessed 29 May 2022). Instead of sending these cubs to
zoos or releasing them back into the remaining tiger population in the Sikhote-Alin
Mountain Range, it was decided to use the majority of these tigers (n = 13) to recolonize
the Pri-Amur region. A preliminary assessment indicated prey densities were sufficiently
high and the potential for tiger—human conflict at least as low as in the tiger’s current
range (V. V. Aramilev, Pacific Institute of Geography, Russian Academy of Sciences,

unpublished report number 0123200000313002189 [In Russian]).

In this study, we sought to answer 2 questions to help assess the success of this
reintroduction effort: 1) would tigers born in the wild but raised in captivity without
support or training by a mother become sufficiently proficient in hunting wild prey to
survive and reproduce in the wild, and 2) would these tigers adequately avoid use of
domestic animals as a source of food? We collected data on hunting behavior and Kill
composition of 6 reintroduced tigers that were reared in captivity after the loss of their
mother in the wild. We report on kill composition, kill rates, and consumption rates after
release and compare these results to similar data from wild tigers in and around Sikhote-
Alin Biosphere Reserve in the central Sikhote-Alin Mountains (Miller et al. 2013). While

there were differences in relative prey abundance between the sites where cubs were
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released and the area where naturally occurring tigers were monitored in Sikhote-Alin,
we assumed that the composition of major categories of prey, kill rates, and biomass
consumption rates would provide indications of how capable rehabilitated tigers were at
sustaining themselves on wild prey. Through this analysis, our goal was to accurately
document predation patterns of these rehabilitated tigers as one measure of the success of

this reintroduction attempt.
STUDY AREA

The 6 tigers included in this study were crated and carried to 1 of 3 release sites in the
Pri-Amur region of the Russian Far East (Figure 1), an area west of the current primary
tiger range (in the Sikhote-Alin Mountains) but within the historical range of tigers in
Russia (Heptner and Sludski 1992). Human densities in both areas are low, ranging from
10.98 people/km? in Primorskii Krai to 1.62 people/km?in Khabarovskii Krai, which
together encompass the Sikhote-Alin tiger population, and from 2.08 people/km? in Amur
Oblast to 4.02 people/km? in Jewish Autonmous Oblast, which together encompass the
Pri-Amur region (Rosstat 2022). Both regions have some of the lowest human footprints

within tiger range in Asia (Sanderson et al. 2023).

The Pri-Amur region is composed of extensive wetlands draining into the Amur River
interspersed with hilly uplands, which represent suitable tiger habitat. Vegetative species
composition and habitat characteristics for tigers in the uplands of the Pri-Amur and
central Sikhote-Alin Mountains are similar (see Miquelle et al. 2010 for descriptions).
Red deer (Cervus elaphus) are relatively scarce across much of the Pri-Amur region but
are much more common in the central Sikhote-Alin Mountains; sika deer (Cervus

nippon) are absent in the Pri-Amur but locally abundant in the central Sikhote-Alin; and
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roe deer (Capreolus pygargus) and wild boar (Sus scrofa) are common (with wild boar
relatively abundant in suitable conditions) at both sites. Moose (Alces alces) are more
common in the Pri-Amur region than in the central Sikhote-Alin Mountains. Brown bears
(Ursus arctos) and Asian black bears (U. thibetanus) occur in the Pri-Amur and Sikhote-
Alin Mountains. In the Pri-Amur, wolves (Canis lupus) are common, while in the Sikhote
Alin, especially where tigers are common, they are rare (Miquelle et al. 2005b). Raccoon
dogs (Nyctereutes procyonoides) and badgers (Meles leucurus) were common in both

areas.
METHODS
Tiger rehabilitation and release

Details of rehabilitating and preparing cubs for release into the wild are provided by
Blidchenko et al. (2015) and Rozhnov et al. (2018, 2021). In brief, abandoned cubs were
brought into captivity between 3 and 6 months of age (Rozhnov et al. 2021) after it was
clear that no adult female was associated with the cubs for multiple days. They were kept
in quarantine facilities for the first month and then moved to an enclosure, either alone or
in association with littermates or other similarly aged individuals. Enclosures (0.3-0.7 ha)
were built of chain-link fencing 4.5 m high with an inward overhang of 1 m at the top
(Rozhnov et al. 2021). Natural vegetation was retained in the enclosures, but the degree
of cover varied in each, from largely forested with brushy undercover to mostly open tall
grass fields. All efforts were made to minimize contact with humans: material was placed
on the chain-link fence to eliminate visual contact with humans, animals were observed
only via a network of remote video cameras set up around each enclosure, and food was

provided via cages that were built into the fencing so that food and prey could be placed
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in a small cage and then released at a later time (to minimize chances that tigers would

relate human activity to the presentation of food and prey).

Tigers were fed almost exclusively wild game, although the first cub was fed some beef.
When cubs were 7-8 months of age, small live prey (domestic rabbits and pheasants)
were presented to them. When cubs reached 11 months of age, live young wild boar and
young sika deer were released into the pens. Larger prey (subadult or adult wild boar and
sika deer) were released into pens to tigers older than 15 months of age after their
permanent teeth were fully developed. For the 6 months prior to release, tigers were
provided only live natural prey items and were therefore wholly dependent on their own
abilities to capture prey. Live prey were released into pens at intervals ranging from 7 to
12 days. Each cub had successfully killed at least 24 wild boar or sika deer before it was
considered ready for release (Blidchenko et al. 2015). Before release, all cubs had to meet
minimum criteria associated with hunting proficiency, human avoidance, and interactions
with conspecifics, using similar criteria to those developed for Persian leopards

(Panthera pardus tulliana; Rozhnov et al. 2020).

Tigers were released when they were 18 months of age (average age of dispersal in the
wild; Kerley et al. 2003) or shortly afterwards. All efforts were also made to release cubs
in late spring, when the emergence of small carnivores from hibernation (e.g., badgers
and raccoon dogs) and the birth of young ungulates ensured the most abundant and most

vulnerable individuals would be available as prey.
Estimating number of kills, kill composition, and kill size
Before animals were released back into the wild, they were anesthetized, given a medical

evaluation, and fitted with global positioning system (GPS) collars. The first deployed
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collar (Lotek Argos-GPS, Newmarket, Ontario, Canada) was scheduled to acquire 6 GPS
locations per day. All others were Lotek Iridium-GPS collars scheduled to transmit 24
locations per day, on the hour, and transmit data every 12 hours via the Iridium satellite

system (Rozhnov et al. 2019, 2021).

Methods to find kills of tigers in the central Sikhote-Alin Mountains are described by
Miller et al. (2013) and a similar approach was applied to the Pri-Amur region, with the
following nuances. We found kills made by the first tiger released using a combination of
checking clusters of locations in summer and then, after her collar failed, by snow-
tracking her movements during the winter months (Yudakov and Nikolaev 2012). For the
other 5 individuals, we investigated clusters of GPS-collared tiger locations to determine
the presence or absence of kills. After uploading GPS data, we used a Python script
(Python Software Foundation, Hampton, NH, USA) developed by Knopff et al. (2009) to
identify potential Kkill sites as clusters of 2 or more locations within 100 m and 48 hours
of each other. We confirmed presence of kills by physically searching 50-100 m around
each location in a cluster. During winter, we approached potential kill sites identified
with the Python script and then, once in the vicinity, followed tracks in the snow to find
kills. During snow-free months, we relied solely on GPS data downloads and more
extensive searches of cluster sites. We attempted to visit clusters during each quarter of
the calendar year multiple times. We primarily focused on large clusters where tigers had
spent 10 or more hours, but we also investigated small clusters and single locations to
attempt to locate kills of small prey. Following tracks in snow provided additional
opportunities to search for smaller kills that might not show up from searches of large

clusters.
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We compared kill composition and kill size data from these 6 translocated tigers in the
Pri-Amur region to all data collected from 37 radio-collared tigers in and around Sikhote-
Alin Zapovednik from 1992 through 2013 (Miquelle et al. 2010, Petrunenko 2021). To
facilitate comparisons while acknowledging variations in relative abundance of prey
species between the Pri-Amur and Sikhote-Alin sites, we grouped prey species into 5
prey types, defined as wild ungulates (moose, red deer, sika deer, roe deer, musk deer
[Moschus moschiferus], and wild boar), large carnivores (brown and Asian black bears,
wolves, and tigers), small carnivores (badgers, raccoon dogs, red fox [Vulpes vulpes]),
other wild prey (seals [Phoca spp.] and birds), and domestic species (cows, horses, and
dogs), and compared the relative contributions of these groups to the diet of Pri-Amur
and Sikhote-Alin tigers. To estimate relative contribution of biomass to the diet, we
multiplied the number of adult male, adult female, and young (<1 year) of each species
that were killed by total live weights from the literature (derived from Bromley and
Kucherenko 1983, Danilkin 1999, and Miller et al. 2013; Table S1, available in
Supporting Information). Where sex of the kill could not be determined, we used the
average weight of adult females and males, and if age of the prey individual could not be

determined, we assumed it was an adult.

To estimate kill rates and consumption rates of tigers, we first needed to predict the total
number of Kills made by tigers during our period of analysis, beyond the kills verified in
the field. To do this, we used the GPSeqClus package (Clapp et al. 2021) in Program R
(R Core Team 2023) to identify clusters of locations representing potential kill sites for
both the Pri-Amur dataset and the Sikhote-Alin dataset collected by Miller et al. (2013).

Using the subset of clusters that had been searched for evidence of a kill, we then used a
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multiple logistic regression analysis (Hosmer and Lemeshow 2000, Anderson and
Lindzey 2003) for each of the 2 groups of tigers to model the probability of a cluster
being an actual kill site. Following Miller et al. (2013), we used a combination of 6
potential explanatory variables: 1) the number of hours between the first and last location
of a cluster (hours), 2) the number of 24-hour periods between the first and last location
of a cluster (days), 3) a binary variable indicating whether a tiger spent more or less than
24 hours at a cluster (multi-day), 4) the fidelity of the tiger to the cluster site, measured as
the proportion of locations for the duration of a cluster that were within the cluster
(fidelity), 5) the distance between the center of a cluster and its farthest point (radius),
and 6) the average distance of all locations within the cluster to its center (average
distance). We used these variables to predict the probability of a cluster being a kill site

using the standard logistic regression equation (Hosmer and Lemeshow 2000):

eBotB1X1+B2X2..+BnXn
1+ eBot+B1X1+B2X2..+BnXn’

Pr(kill) =

where f3, is the intercept, §; is the estimated coefficient of the effect of variable X; on the
probability of a cluster being a kill, and n is the total number of explanatory variables
used in the model. Because our aim was to maximize the predictive capability of our
models, we used the MuMIn package in R (Bartdn 2020) to perform a stepwise
regression procedure with backward elimination to identify the best-supported models to
predict kills based on Akaike’s Information Criterion for small sample size (AICc;
Burnham and Anderson 2002). We then applied the top models to the entire dataset of
Pri-Amur and Sikhote-Alin tigers to assign each cluster a probability of being a kill site,

including those clusters that were not investigated in the field.
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To determine the total predicted number of Kills, we converted the estimated probabilities
of clusters to either a kill or non-kill site by choosing cut-off values with the greatest
sums of sensitivity and specificity (Hosmer and Lemeshow 2000). We then used receiver
operating characteristic (ROC) curves to evaluate how this cut-off value balanced the true
positive rate (i.e., sensitivity, or the proportion of true Kill sites that were predicted to be
kill sites) with the false positive rate (i.e., 1 — specificity, or the probability of a Type 1
error). We used the area under the ROC curve (AUC) as an index of classification
accuracy and as a final assessment of the classification of our top models. To conduct this
analysis of cut-off values with ROC curves and obtain estimates of AUC, we used the

ROCR package in R (Sing et al. 2005).
Estimating kill and consumption rates

We estimated kill and consumption rates of rehabilitated tigers released into the Pri-Amur
region and recalculated the same values from wild tigers studied in Sikhote-Alin by

Miller et al (2013) using a slightly revised and updated dataset of Kills.
We estimated Kill rates using the ratio estimator (Hebblewhite et al. 2003):

,@ _ Y vi

n Rl
i=1%i

where B is the estimated kill rate of individual tigers, i represents each individual of the
total number of tigers n, and y is the total number of predicted kills for tiger i during the
time x that tiger i was sampled. We estimated the variance of kill-rates using the standard

formula described in Hebblewhite et al. (2003):

v?ir(ﬁ) _ Tl vi—Bxy)?

x2n(n-1)
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where X is the average amount of time each tiger was sampled. Because we continuously
monitored each tiger and estimated Kill rates for the entire year, the term (1 - f—() which

is meant to account for inconsistent sampling during the sampling period, drops out of
equation (2) in Hebblewhite et al. (2003) for our analysis (M. Hebblewhite, University of

Montana, personal communication).

We converted kill rates to consumption rates by multiplying the estimated kill rates (kills
per day) and their associated errors by the estimated amount of biomass consumed at
each kill (kg per kill; Miller et al. 2013). We assumed that the field-verified Kill sites of
Sikhote-Alin and Pri-Amur tigers within the study periods were a representative sample
of species and sex-age composition for all kill sites for each group of tigers. This sample
was restricted to only the period of kill rate analysis, which is considerably smaller than
our sample to estimate kill composition for Sikhote-Alin tigers (described above). To
estimate the biomass consumed at each kill, we used a 2-stage process that first estimated
the average consumable weight of each species, then converted these weights to the total
biomass consumed at each kill. In the first stage, we converted the sex- and age-specific
live weights (Table S1) to consumable biomass (kg), assuming 68% and 79% of the total
weight of large and small prey, respectively, was consumable, and further assuming that
15% of this consumable weight was lost to scavengers (following Miller et al. 2013). We
then adjusted these sex- and age-specific consumable weights by the proportion that each
sex- and age-class contributed to all kills of that species, then added them together for a
final, average consumable weight for that species. In the next stage, we multiplied these
species-specific consumable weights by the number of field-verified kills of that species

for the total biomass consumed of each species in our sample. This allowed us to then
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estimate the proportion of biomass each species contributed to our sample of kills.
Finally, we multiplied these proportions by the average consumable weight of each
species (estimated in the first stage) to derive an average biomass consumed per kill.

Results are presented as mean + standard error.
RESULTS
Release of rehabilitated tigers into the Pri-Amur region

The first tiger was released into the Pri-Amur region into Bastak Reserve on 9 May 2013,
and 5 more GPS-collared tigers (2 females, 3 males) were released in May-June 2014
(Figure 1). The collar of the first female failed on 29 August 2013 (113 days); data from
the other 2 females were collected for 350 and 811 days. The 3 males were tracked for
205, 273, and 1087 days, respectively. We obtained 4,700-25,632 locations from each
tiger, for a total of 63,616 locations. The 3 females tended to remain near release sites (2
retained the release site as part of their territory, 1 moved approximately 100 km
southeast before settling within Khinghanskii Reserve). Males mostly roamed widely

after release, including extensive forays into China by 2 males (Rozhnov et al. 2021).

We identified 4,654 unique clusters representing potential Kill sites. Teams searched for
kills in 19 of the 29 months when GPS collars were functional on tigers in the Pri-Amur
between May 2013 and April 2016. Teams investigated a minimum of 348 clusters with
132 kills identified, but we used only 113 to estimate Kill rates (long intervals between
locations made data from the first collared tiger incompatible for this analysis). We were
unable to search clusters of tigers that moved into China but received reports on their
activities from colleagues there (which are reported here but not included in our kill data

set). We compared kills identified in the Pri-Amur region with kills from the central
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Sikhote-Alin study area, where we documented 714 kills by 37 radio-collared tigers over

22 years (Petrunenko 2021).
Diet composition

Variations in the kill composition between these 2 areas largely reflected variation in
relative abundance of potential prey species. Wild boar were the most abundant large
ungulate in the Pri-Amur and represented 55% of the kills we found there (Table 1). The
majority of wild boar killed (67%) were <2 years old. In the central Sikhote-Alin
Mountains, wild boar represented only 25% of the Kills reported over a 20-year period.
However, Miller et al. (2013) reported 67% of wild boar kills were <2 years old, exactly
the same percentage as in the Pri-Amur. Roe deer were the second most abundant
ungulate in the Pri-Amur, and were the second most common species taken (23.5%) by
rehabilitated tigers (Table 1), while in central Sikhote-Alin they accounted for only 9% of
the Kkills (Table 1). Red deer, which were rare in the Pri-Amur, accounted for only 3% of
the kills observed but were the most common prey species (43%) found in central
Sikhote-Alin. Sika deer are not found in the Pri-Amur but represented 9% of Kills
reported in central Sikhote-Alin. Moose are exceedingly rare in central Sikhote-Alin,
especially in the primary study site, and hence only one kill of moose was found there,
while we discovered 5 kills of moose by rehabilitated tigers in the Pri-Amur (all young or
subadults). Even though rehabilitated tigers had never encountered moose, bears, or

wolves, at least during captivity, they recognized and successfully subdued them as prey.

Large carnivores were not a large proportion of the kills made by tigers in the central
Sikhote-Alin, but they were Killed by tigers (Table 1). Similarly, in the Pri-Amur we

found 3 bears (2 brown bears and 1 Asiatic black bear) killed by rehabilitated tigers; 2 of
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these were <2 years old, and the age of the third bear could not be determined. In
Sikhote-Alin, wolves are exceedingly rare and were never recorded as a kill by tigers, but
in the Pri-Amur region 5 wolves were killed, all by female tigers that had already
established territories. Small carnivores (mostly badgers and raccoon dogs) made up a

small percentage of the kills (3-4%) found in both locales.

Domestic animals comprised a small percentage of the kills made by tigers in both areas
(3.8% in the Pri-Amur, 2.0% in Sikhote-Alin). Dogs and cows were taken in both areas in
forests, but collared tigers did not enter villages to prey on domestic animals in either
area. However, one of the males that crossed into China killed multiple domestic animals,
including over 13 goats killed in a single event. When this individual returned to Russian
territory, it failed to demonstrate adequate fear of humans. Consequently, this tiger was
captured and placed in a Russian zoo (Dudina et al. 2019). All other individuals
rehabilitated and released into the wild relied primarily on wild species as prey, and none
were reported to be in conflict with humans. Grouping prey species into 5 major
categories (ungulates, large carnivores, small carnivores, domestic animals, and other),
the distribution of kills made by rehabilitated tigers was remarkably similar to that made
by tigers in Sikhote-Alin (Figure 2), indicating similar patterns of prey selection with

prey availability likely explaining species-specific variation.
Kill and consumption rates

Over 2 years (2010-2011), Miller et al. (2013) tracked 3 GPS-collared adult tigers in and
around Sikhote-Alin Zapovednik for 98, 416, and 310 days for 1 male and 2 females,
respectively, obtaining 1,529-4,644 locations from each tiger for a total of 9,161

locations. Our calculations identified 972 unique clusters representing potential kill sites.
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Our best logistic regression model differentiating Kill sites from other clusters (Table 2)
indicated that the probability a cluster contained a kill increased with the number of days
at the site (f = -1.300 = 0.585; P < 0.026), hours at the site (p = 0.094 £ 0.023; P <
0.001), with increased site fidelity (p = 3.857 £ 0.808; P < 0.001), and when tigers were
present at a cluster for multiple days (B = 1.260 = 0.576; P = 0.029). The counter-
intuitive negative B value for number of days at site was likely due to collinearity
correlations with other variables but is reported as part of the best predictive model. The
model accurately classified clusters as kill or non-kill sites with an AUC of 0.84. The
optimized probability cutoff to determine probable kill sites was 0.328, which
corresponded to an overall classification success of 85.2%. Our best model predicted 117
kill sites, representing 12% of all clusters (117/972), including the 113 kill sites we

identified (97%).

Our best logistic regression model for differentiating clusters that contained tiger Kills
from non-kill clusters of rehabilitated tigers in the Pri-Amur region (Table 2) included
hours spent at a site (f = 0.021 + 0.008; P = 0.005), average distance of all locations from
the cluster center (B = 0.022 + 0.013; P = 0.073), and when tigers spent multiple days at a
cluster (B =2.003 £ 0.471; P <0.001). The model fit the data well with area under the
curve 0.86. The best probability cutoff for which we considered a cluster a probable kill
site was 0.437, which corresponded to an overall classification success of 80%. Our best
model predicted 553 kill sites, representing 12% of all clusters (553/4,654), of which we

confirmed 102 (18%) of them in the field.

We predicted 117 kills over 830 days for Sikhote-Alin tigers and 553 predicted kills over

2,726 days for tigers released in the Pri-Amur region. Using the ratio estimator and
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variance calculation, we found that the kill rate of Sikhote-Alin tigers (0.14 + 0.01
kills/day) was less than that of rehabilitated tigers (0.20 + 0.01 kills/day; Figure 3A).
However, Sikhote-Alin tigers killed larger prey than rehabilitated tigers, with an average
live prey weighing 76.1 kg/kill versus 54.9 kg/kill for rehabilitated tigers. As a result,
wild tigers consumed more biomass at each kill (Figure 3B), averaging 58.0 kg/kill
compared to 39.2 kg/kill consumed by Pri-Amur tigers. These differences in kill rates and
prey size between Sikhote-Alin and Pri-Amur tigers counterbalanced each other,
resulting in similar consumption rates between Sikhote-Alin and Pri-Amur tigers (Fig.
3C): 8.24 £ 0.70 kg/day for Sikhote-Alin tigers, and 7.96 = 0.58 kg/day for Pri-Amur

tigers.
DISCUSSION

The most significant findings of this study were that 5 of 6 rehabilitated tigers were able
to successfully hunt and survive in the wild after spending the majority of their subadult
lives in captivity. These animals demonstrated their ability to seek out and subdue wild
prey, focusing primarily on large ungulates, in proportions amazingly similar (86% v.
88% of the diet) to their counterparts in the nearby central Sikhote-Alin Mountains. Total
consumption rates of rehabilitated tigers were also nearly identical to the tigers from
Sikhote-Alin (Figure 3). We believe these similarities are indicators that rehabilitated

tigers were quite successful in adapting to and surviving in their relocated landscapes.

Although our sample size of intensively studied tigers was small (n = 6), from spring
2013 through spring 2021, 13 tigers (8 females, 5 males) were released into the recovery
region (Rozhnov et al. 2018, 2021; Miquelle et al. 2024). All 13 survived for extended

periods of time in the wild (at least for the duration of battery life on their GPS collars),
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and only one of the tigers (as reported above) came into conflict with humans and had to
be removed from the wild. Through this same period, at least 4 females produced 6 litters
(>12 cubs), sired by both wild males (dispersing from the Sikhote-Alin population), and
rehabilitated males released as part of this program (Rozhnov et al. 2021; ANO Tiger
Annual Reports: https://amur-tiger.ru/en/library?filter=cat-4). Some of these offspring
survived and dispersed, adding to the population (Miquelle et al. 2024). Hence, the
answer to our first question, “would orphaned tigers, born in the wild but raised in
captivity, become sufficiently proficient in hunting wild prey to survive and reproduce in

the wild?” appears to be an emphatic yes.

The answer to the second question, “would tigers adequately avoid domestic animals as a
source of food?” is more nuanced. The large majority of prey taken were wild, but some
dogs and cattle were preyed upon by multiple animals. Apart from predation patterns by
one tiger, all domestic prey were killed in forests, meaning that tigers were, for the most
part, not moving into villages and fields to prey on domestic livestock. This interpretation
is supported by 2 facts: 1) except for the single tiger that was removed after repeated
depredations, there were no reports or complaints from local people associated with other
tigers; and 2) the proportion of domestic animals taken by reintroduced individuals was
low and similar to that of wild tigers in Sikhote-Alin (Figure 2). However, the one male
tiger caused considerable mayhem in China, killing domestic dogs, goats, and sheep on
multiple occasions. He may have become more conditioned to seek domestic animals
while in China, where there were few wild prey alternatives in the areas where he
roamed, and where, at least in some instances, people were intentionally putting out dead

domestic animals as food for this tiger. Therefore, shortly after he returned to Russia, this
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tiger was removed from the wild. This individual was raised alone in an enclosure at the
rehabilitation center closest to the observation station where humans commonly came and
went. His enclosure had the least cover (consisting mostly of tall grasses) and pre-release
testing indicated his human avoidance indices were minimally acceptable compared to
other captive tigers. This particular enclosure was not used for rehabilitation of any other
tigers released into the Pri-Amur. Hence there appear to be multiple factors that could
have contributed to this tiger’s predilection for domestic prey. Such situations underscore
the importance of having experienced teams capable of quickly and efficiently managing

conflicts and removing problem animals when necessary (Goodrich et al. 2011).

Pri-Amur tigers killed smaller prey at a higher rate than Sikhote-Alin tigers (Figure 3), a
pattern driven potentially by several factors. At the time of release in the Pri-Amur
region, wild boar were abundant, including many young. Wild boar are highly preferred
prey in the central Sikhote-Alin, possibly because they are easier to stalk and kill than
other large mammals (Miquelle et al. 2010, Yudakov and Nikolaev 2012). It is not
surprising that younger, smaller, and inexperienced rehabilitated tigers selected smaller,
more vulnerable prey. Although Sikhote-Alin tigers also generally selected smaller-sized
wild boar in the exact same proportions as Pri-Amur tigers, small wild boar represented a
greater proportion of the diet of Pri-Amur tigers, resulting in an overall smaller average
prey size. We suspect that average prey size likely increases as tigers increase in size and
become more experienced, especially for females needing to feed multiple cubs (Miller et
al. 2014, Petrunenko et al. 2020). Even though prey size was smaller, rehabilitated tigers

made up for that difference by increasing their kill rate. Ultimately, the differences
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between Kill rate and Kill size balanced out, resulting in consumption rates nearly

identical to those of tigers studied in the central Sikhote-Alin (Figure 3C).

This study also provided insights into the relationships of tigers to other large carnivores.
As with tigers in the central Sikhote-Alin, rehabilitated tigers were not averse to killing
and eating other large predators, although such predations were rare in both areas. Both
groups of tigers preyed on both species of bears they encountered. Generally, however,
tigers preyed on smaller individuals, likely exploiting opportunities with lower risks. In
addition to bears, an inverse relationship has been documented between the abundance of
tigers and wolves, with wolves becoming functionally absent where tigers are abundant
(Gromov and Matyushkin 1974, Miquelle et al. 2005b, Salkina and Eremin 2017).
However, the mechanism by which this happens is unclear, as wolves are generally rare
in the Sikhote-Alin Mountains and there is little evidence documenting predation on
wolves by tigers in the region (Miquelle 1966, Makovkin 1999). Release of rehabilitated
tigers into Pri-Amur, where wolves were common, quickly resulted in several cases of
predation on wolves. These results provide evidence that direct competition, perhaps in
association with avoidance by wolves, is responsible for the inverse relationship between
tiger and wolf population dynamics, and that tigers are one of the few species within the
global range of wolves that can outcompete and drive wolves to functional extirpation in

ecosystems where they co-exist.
CONSERVATION IMPLICATIONS

We provide some of the first evidence that orphaned tiger cubs can be successfully
rehabilitated and returned to former parts of the species’ range. The success of

rehabilitated tigers in the Pri-Amur region is particularly important because
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reintroductions of top predators have been approached cautiously, often with
recommendations to consider options other than reintroduction (Hayward and Somers
2009) because of the obvious concerns about dangerous carnivores and conflict.
However, if natural, fully functional, and biologically diverse ecosystems are to be
restored, the presence of top carnivores will be a key indicator of success. Across Asia
there are over 700,000 km? of potentially suitable habitat where tigers could possibly be
reintroduced (Sanderson et al. 2023), pending mitigations to address reasons for their
original extinction from those patches (International Union for Conservation of Nature
2013), indicating opportunities to return tigers and help restore ecological integrity across

much of the region.

Wild adult individuals who have already demonstrated their ability to survive in the wild
are the ideal translocation candidates for reintroductions (Becker et al. 2022). Yet our
data indicate that where adult wild translocation candidates may not be an option, release
of captive animals may be feasible if raised in the absence of humans and given
opportunity to learn how to hunt appropriate wild prey. Even though orphaned tiger cubs
were kept in conditions that were not an exact replication of those tigers would face when
released back into the wild, they were sufficient to ensure the majority of tigers
successfully made the transition, were able to secure native, wild prey, and even
successfully reproduce and raise young. Our results imply that, if human contact is kept
to a minimum, innate avoidance of humans is retained in tigers even after extensive
periods of time in captivity. Yachmennikova et al. (2018) suggest that socialization and
reactions to strangers are formulated during the developmental process of tiger cubs,

indicating that perhaps even tigers born in captivity but kept separate from humans would
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also retain that innate tendency to avoid humans. If this were true, carefully managed
tiger populations at accredited zoos could become sources for reintroductions. Use of
captive-born individuals are experiments yet to be conducted (at least for tigers), but the
experiences of rehabilitating young wild cubs and releasing them into the wild in Russia
provides a potential framework for reintroductions of other big cats across the globe

where adult wild translocation candidates are not available.
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Figure 1. Study areas, sequential release sites in 2013-2014 (listed as 1, 2, 3) for
rehabilitated Amur tigers, and key protected areas in Pri-Amur region and Sikhote-Alin

Mountains of the Russian Far East. Food habits and kill data of tigers in the central
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Sikhote-Alin region, referenced in-text, came from tigers in and around Sikhote-Alin

Zapovednik.
SABZ tigers Pri-Amur rehabilitated tigers
(n=775) (n=132)
Other — 1% Domestic animals — 2% -
\ Domestic animals - 4%
Small carnivores — 3% J Small carnivores —4% ¥

Large carnivores — 6%
Large carnivores — 6%

Ungulates — 88% Ungulates — 86%

Figure 2. Diet composition of Amur tigers in and around Sikhote-Alin Reserve (SABZ)
from 1992-2012 and tigers released into the Pri-Amur region of the Russian Far East
(2013-2016) based on evidence at kill sites of collared individuals (sample size in
parentheses). We aggregated diet composition as proportion of kills of wild ungulates,
large carnivores, small carnivores, other wild prey, and domestic animals (dogs, cows,

horses).
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Figure 3. Comparison of A) kill rates, B) average biomass consumed per tiger per Kill,
and C) consumption rates for Amur tigers released into the Pri-Amur region after
rehabilitation (Pri-Amur; 2013-2016), and tigers captured in the Sikhote-Alin Biosphere
Zapovednik (SABZ; 1992-2012) in the Russian Far East. Uncertainty in kill rates and
consumption rates are presented as 95% confidence intervals. In frame B, each bar is
shaded by prey type: light gray = wild ungulates; dark gray = wild carnivores; medium
gray = all other prey.

Table 1. Kill composition of rehabilitated Amur tigers released into the Pri-Amur region
of Russia studied from 2013-2016, and tigers monitored in and around Sikhote-Alin

Reserve (SABZ) in the central Sikhote-Alin Mountains (1992-2012).

Prey species % of kills found
SAB

Prey Pri-Amur z
category Common name Scientific name rehabilitate  tigers
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d tigers (n=

(n=132)  775)

Wild Red deer Cervus elaphus 3.0 43.2

ungulates Wild boar Sus scrofa 55.3 25.0

Sika deer Cervus nippon 9.0

Roe deer Capreolus pygargus 23.5 9.2

Moose Alces alces 3.8 0.1

Musk deer Moschus moschiferus 0.5

Amur goral Nemorhaedus caudatus 0.4

Large Brown bear Ursus arctos 1.5 4.9

Asiatic black

carnivores bear Ursus thibetanus 0.8 0.9
Wolf Canis lupus 3.8

Tiger Panthera tigris 0.4

Small Badger Meles leucurus 3.8 2.2

Nyctereutes

carnivores Raccoon dog procyonoides 0.8 0.9

Red Fox Vulpes vulpes 0.1

Other Spotted seal Phoca largha 0.9

Ural owl Strix uralensis 0.1

Domestic Domestic dog Canis lupus familiaris 2.3 1.4

Cattle Bos taurus 1.5 0.5

Horse Equus ferus caballus 0.1
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Total

100

100

Table 2. The top 8 multiple logistic regression models predicting Amur tiger kill sites in

Sikhote-Alin Biosphere Reserve (SABZ; 2010-2011) and the Pri-Amur region (2013-

2016) in the Russian Far East. Model selection was based on Akaike’s Information

Criterion for small sample size (AAIC.), which considers number of parameters (K).

Log AIC
Site Model description? K AAIC.
likelihood weights
SABZ Days + fidelity + hours + MD 5 -147.292  0.00 0.299
Avgdist + days + fidelity + hours +
6 -147.209 1.90 0.116
MD
Days + fidelity + hours + MD +
6 -147.268  2.02 0.109
radius
Days + fidelity + hours 4  -149.607 2.57 0.083
Fidelity + hours + MD 4 -149828 3.01 0.066
Avgdist + days + fidelity + hours +
7 -146.881  3.32 0.057
MD + radius
Fidelity + hours 3 -151.005 3.33 0.057
Avgdist + days + fidelity + hours 5 -149.521  4.46 0.032
Pri-Amur Avgdist + hours + MD 4 -126.035 0.00 0.172
Avgdist + days + hours + MD 5 -125479 0.96 0.106
Hours + MD 3 -127668 121 0.094

This article is protected by copyright. All rights reserved.

95U801 7 SUOWILLOD BAITe8ID 3|qeal|dde ay) Aq peusenob e sepoie YO ‘8sn JO Sa|nJ Joj Aelq 1 8ulUQO AS|1M UO (SUONIPUOD-pUe-SWBI W0 A3 |1 AeIq 1 BUIUO//SANY) SUONIPUOD PUe WS | 8Y) 89S *[5202/20/7T] uo Arigiauliuo Ajim ‘891 Aq 16922 BUMIZOOT 0T/I0p/wod As|imAseig 1 jpuljuo a1 p|m/:Sciy Woly pepeojumod ‘Z ‘G202 ‘L T8Z.E6T



Avgdist + fidelity + hours + MD 5 -125.945 1.89 0.067
Avgdist + hours + MD + radius 5 -125.947 189 0.067
Days + hours + MD 4  -127.005 1.94 0.065
Hours + MD + radius 4 -127.396 2.72 0.044
Fidelity + hours + MD 4  -127.407 2.74 0.044

2Variables included the number of 24-hour periods between the first and last location of a cluster (days),
the proportion of locations for the duration of a cluster that were within the cluster (fidelity), number of
hours between the first and last location of a cluster (hours), a binary variable indicating whether a tiger
spent more or less than 24-hours at the cluster (multiday [MD]), the average distance of all locations within
the cluster to its center (avgdist), and the distance between the center of a cluster and its farthest point

(radius).
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