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ABSTRACT

This case report describes the rescue of an eight-month-old male Italian wolf (Canis lupus italicus), the victim of
a car accident that caused it a pulmonary contusion, a fracture of the shaft of right femur, and a metaphyseal fracture
of the left stifle. A lateral surgical approach was performed to treat the animal’s multiple contusions and fractures.
Afterwards the wolf was transferred to a wild animal recovery center for its rehabilitation, where it fully recovered.
After 35 days in captivity the wolf was thus released into the supposed home-range of its original pack, and its
movements were monitored by a GPS satellite collar. The collar worked correctly for 479 days. During that period
the collar acquired a total of 1202 locations, indicating that the wolf had traveled at least 1590 km, with an average
monthly distance (+ SD) of 102 + 40 km, exploring an overall area of about 270 km?. During the first 10 days after
its release, the wolf remained in the area of its supposed native pack, whereas at about the age of 10 months the wolf
began to make wide extraterritorial movements. The wolf’s last localization was acquired on 13" May 2018, about 17
months after its release, at a linear distance of about 65 km from the release site. These preliminary data showed that
the wolf was alive and travelled long distances after its release, and demonstrates how a multidisciplinary management
approach can support the recovery and successful release into nature of a rescued wild animal belonging to a flagship
species with a notable ecological role, such as the Italian wolf.
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Introduction

After centuries of severe population decline,
mainly due to human maltreatment and loss of
habitat, the wolf (Canis lupus) population is now
expanding again in many European countries
(CHAPRON et al., 2014). In particular, Italian
wolves (Canis [. italicus, ALTOBELLO, 1921),
having experienced a historical demographic
scenario characterized by protracted isolation
south of the Alps, and recurrent bottlenecks that
made them sharply genetically differentiated
from any other wolf population, represent an
unquestionable example of recent conservational
success (MONTANA et al., 2017). Indeed, after
being close to extinction, during the 1980s, Italian
wolves started a natural re-colonization in parts of
their historical range along the Apennine, reaching
the western Alps, France and Switzerland (ZIMEN
and BOITANI, 1975; FABBRI et al., 2007), and
currently include at least 320 wolf packs which
approximately correspond to at least 1500 (£ 300)
wolves (GALAVERNI et al., 2016). The ecological
plasticity of the species, indeed, helped it to face and
exploit the recent environmental transformations
of our landscapes successfully (MILANESI et al.,
2015). However, the return of this predator to both
remote and semi-urbanized areas may cause social
conflicts with local communities, since its presence
is still perceived as a potential threat to human
activities and safety (LINNELL and BOITANI,
2012; GLIKMAN et al., 2012).

For these reasons, despite this favorable
demographic trend, the Italian wolf population
remains locally threatened by excessive poaching
and accidental killings, especially due to road
mortality, which may remove more than 20% of
the individuals from the population every year
(GALAVERNI et al, 2016). The subspecies,
therefore, is still strictly protected under the
Bern Convention (Appendix II) and Habitats
Directive (Annex II and 1V), is included in the
CITES Appendix, and is currently classified in the
IUCN Red Lists as “Vulnerable” for the Alpine
sub-population and “Near Threatened” for the
Peninsular sub-population.

The release into the wild of injured animals
rehabilitated in captivity often raises scientific and
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ethical questions (MULLINEAUX, 2014). Indeed,
rescued animals might have low survival probability
due to possible habituation resulting from human
contact (MOORE et al. 2007; GUY et al. 2013),
and they could spread diseases or be involved in
human-wildlife conflicts (MULLINEAUX, 2014).
However, releases may also play an active role in
conservation by recovering and returning individuals
to local populations of endangered species (SARAN
etal., 2011).Therefore, their possible release should
be carefully evaluated (RIO-MAIOR et al., 2016).
In this study, we describe how a multidisciplinary
approach may favor the recovery of an injured
Italian wolf and its successful release into nature.

Case report

On 13" December 2016, a male Italian wolf
was found seriously injured after a car collision on
a provincial road in the northern Italian Apennine
(Ozzano dell' Emilia, Bologna Province; N
44.3620554, E 11.418489), an area where a well-
known wolf pack lives (CANIGLIA et al., 2014).

The animal was urgently brought to the
Veterinary Hospital of the University of Bologna
to assess its health condition and to receive any
necessary medical care.

Triage and clinical examination highlighted that
it was possibly affected by a pulmonary contusion
and the inability to stand up. Therefore, analgesia
(Methadone 0.2 mg/kg i/v) and fluid therapy were
administered through the intravenous administration
of a fluid bolus (Ringer Lactate 5 mL/kg). During
the stabilization phase, an abdominal ultrasound
check (Focused Assessment with Sonography for
Trauma-FAST) showed no evidence of free fluid or
air in the abdomen, while a pulmonary contusion at
the thoracic level was observed on T-FAST. Open
wounds were detected on the left knee joint and
both femurs. Therefore antibacterial therapy was
given (Cefazolin 30 mg/kg TID i/v) and the injuries
were carefully irrigated with physiological solution
and diluted povi-iodine.

An orthopedic examination was indicative of
bilateral femoral fractures that were confirmed
by the radiographic examination, showing a short
oblique proximal third diaphyseal fracture of the

Vet. arhiv 90 (2), 205-212, 2020



C. Musto et al.: Conservation at the individual level: successful rehabilitation and post-release monitoring of an Italian wolf
(Canis lupus italicus) injured in a car accident

right femur and a metaphyseal fracture (Salter-
Harris type I) of the left femur.

Additionally, one sample of 1 mL of blood
was taken, placed into two EDTA tubes (0.5 mL
each) and immediately sent to the Laboratory
of the Unit for Conservation Genetics at ISPRA
(Italian Institute for Environmental Protection and
Research, Ozzano dell’Emilia, Italy) to perform
molecular analyses. Molecular analyses were
carried out in order to: i) verify the population of
origin of the animal and exclude, before its release,
the possible presence of a marked dog ancestry in
its genome; ii) compare its genetic profile with the
large database of Italian wolf genotypes (the ISPRA
Canis database; FABBRI et al., 2018) for possible
matches or kinship relationships with animals
previously genotyped during a local monitoring
project (CANIGLIA et al., 2014).

DNA was extracted using a QIAGEN DNA
Easy Tissue extraction kit (Qiagen Inc, Hilden,
Germany), PCR-amplified, then sequenced at 500
bp of the hypervariable domain of the mtDNA
control-region (diagnostic for the Italian wolf
population) and genotyped through a multiple-tube
approach at 39 autosomal microsatellites (which
differentiates well between wolves, dogs and their
first two-three generation hybrids) and at a deletion
at the b-defensin CBD103 gene causing a melanistic
coat pattern (ANDERSON et al., 2009; CANIGLIA
et al., 2014; RANDI et al., 2014). Extraction,
amplification and post-amplification procedures
were carried out in three separate rooms, restricted
to low-template DNA samples.

Genetic and Bayesian (FABBRI et al., 2018)
analyses confirmed that the animal was a pure
male Italian wolf, never sampled before and with
no apparent kinship relationships with the animals
previously genotyped in the same area (CANIGLIA
etal., 2014).

The animal was morphologically classified as a
juvenile and, on the basis of tooth wear (GIPSON
et al., 2000) and on the local birth time of wolves
in central Italy, usually at the beginning of May
(BOSCAGLI, 1985), its age was estimated to be
approximately 8 months.
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Before undergoing surgery, the wolf was
tranquillized with Acepromazine (20 pg/kg
intramuscularly) and about twenty minutes later
was sedated with Dexmedetomidine (2 pg/kg
intravenous 1/v). Then anesthesia was inducted with
Propofol (2 mg/kg i/v) and Midazolam (0.1 mg/kg
i/v). Once unconscious, the trachea of the wolf was
intubated and anesthesia was maintained with 1.4
MAC= 3 % (+/-0.2 %) end-tidal (Et) isoflurane
in oxygen and air (FiO2 0.50). During the entire
surgical procedure, analgesia was maintained with
a continuous infusion rate of Fentanyl (range 5-10
ug/kg/h) and the wolf was artificially ventilated
using a semi-closed circle system. Both hind limbs
were shaved and scrubbed for surgery.

A lateral approach (PIERMATTEI and
JOHNSON, 2004a) was used to reduce the fracture
on the shaft of the right femur, and the subsequent
osteosynthesis was executed with a plate and rod
construct, using a 3.5 mm dynamic compression
plate and a 3 mm intramedullary Steinmann pin
(DECAMP et al., 2016). A lateral approach was
also used on the left stiffe (PIERMATTEI and
JOHNSON, 2004b) and the metaphyseal fracture
was reduced using Rush-like pinning and cross-
pinning (DECAMP et al., 2016). After the surgery,
the Monte Adone Rescue Centre operators assisted
the wolf, still sedated, and transferred it to the
Center's headquarters within the wolf hosting
area, for its rehabilitation. In addition to clinical
assessment, in order to minimize any contact with
humans, the wolf was managed daily by a single
operator and monitored through surveillance
cameras. The day after the surgery the wolf
spontaneously started eating again; both eggs and
wild ungulate meat were provided, integrated with
Rexo rubia (Lehning Laboratoires).

At the time of admission antibiotic therapy with
Ceftriaxone (20 mg/kg SID i/v for 4 days and SC
for 8 days and Clindamycin 11 mg/Kg SID i/v for
4 days and SC for 21 days) and pain therapy with
Tramadol (3 mg/Kg SC TID for 2 days then BID
for 4 days, then SID for 2 days) were prescribed.
During the antibiotic treatments, lactic ferments
(Florentero 4cp/day) were administered with meals.
Additionally, as it currently represents an acceptable
and effective approach in modern integrative
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veterinary medicine (HIELM-BJORKMAN et al.,
2009), homotoxicological therapy was applied
(WRONSKI et al., 2018) and a cocktail of Arnica
compositum heel, Kalmia compositum heel,
Apis hommacord heel, Solanum compositum
heel, Aconitum heel, Galium heel, Cuprum heel
(1 mL/i/v for 5 g TID than SC for 20 days SID)
was given to the patient. Intravenous maintenance
fluid therapy based on rehydrating Electrolyte III
(2 mg/kg/h) was also administered, supplemented
with Metabolase solution for injection (2 mL/kg/
day) for 5 days.

After the first few days of intensive treatment,
the animal gradually began to get up, albeit without
placing weight on the right hind limb, which
still looked inflamed and painful. Acupuncture
sessions, without sedating the animal, were carried
out 13, 22 and 25 days after the surgery, and
integrated with the homotoxicological therapy
with Lymphomyosot heel. In addition, allopathic
therapy with Dexamethasone (0.1mg/kg SC SID)
was added for 2 days, followed by Robenacoxib
(2mg/kg SC SID for 7 days); the swelling of the
right hind limb quickly faded and the wolf started
using it. To avoid any kind of habituation during the
hospitalization period, direct contact of the animal
with humans necessary for its care was minimized.
During medical treatment and acupuncture the
animal was managed by only one operator and one
veterinarian in a very isolated space near the forest,
covering the wolf’s head with a blanket and not
using a muzzle or sedation. The veterinary left the
box and returned within 20 minutes to remove the
needles.

The wolf accepted the captivity without showing
stereotypical behaviors or attempts to escape.
Twenty days after the surgeryitagainstopped leaning
on its right hind limb. A subsequent radiographic
exam showed a longitudinal fracture of the distal
femoral stump, along the distal 5 plate’s screws. An
ultrasound exam was also performed to evaluate
the muscular state of the limb; the exam showed
poor circulation as well as a fibrosis of the deep
muscular bundles, and extensive mineralization
of the distal tendon heads and the muscular body.
Daily mesotherapy, namely the administration of
drugs (or natural compounds) through multiple
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intradermal or subcutaneous injections in a mixture
of small amounts (SIVAGNANAM, 2010), was
applied to perform medical local treatment (CHEN
et al., 2018). The wolf gradually began to lean on
the right hind limb again and to be more active and
reactive. The last radiographic exam, performed
30 days after surgery, showed a moderate amount
of bone deposition along the longitudinal fracture
of the distal femoral stump. On 19" January 2017,
35 days after surgery, the wolf was subjected to a
final ultrasound exam of the right hind limb, which
showed significant improvement over the previously
reported situation. Therefore, in agreement with
the national authorities (the Italian Ministry of
the Environment, after a positive assessment by
the ISPRA), the animal was released back near
the site of its discovery. The wolf was fitted with
a satellite collar (Pro Light model, Vectronic
Aerospace GmBh, Berlin, Germany) supplied by
the Appennino Tosco-Emiliano National Park. The
collar was set to acquire 1 location every 5 hours
during the first month (from 19" January 2017 until
18" February 2017), then every 10 hours (from 18"
February 2017 onwards) and the Global System
for Mobile Communications (GSM) allowed the
collection of data about the position of the animal.

The collar worked correctly until 13" May 2018,
after a telemetry monitoring period of 479 days.
During this period, the collar acquired a total of
1202 locations of the 1316 programmed, with an
acquisition rate of 91%. Most of the localizations
(98%) were found to have high precision (3D). The
distance traveled by the wolf was calculated through
the combination of successive localizations. In total,
the wolf traveled 1590 km, with a monthly average
distance (£ SD) traveled of 102 + 40 km. During
the first 10 days after release, the wolf remained
in the area of its supposed native pack, which had
been identified by camera traps, wolf-howling and
direct observations that confirmed the presence of
a rendezvous site with at least 6 pups. After the
release, an operator observed the wolf inside the
rendezvous of the hypothesized pack. From March
2017, at the age of about 10 months, the wolf began
extraterritorial movements (up to a 20-km linear
distance from the rendezvous area).
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For about 6 months (between June and
November 2017), the wolf frequented an area of
167 km? (100% MCP) about 30 km south of the
hypothetical territory of its native pack (Polygon
A-Fig. 1). From February 2017 to May 2018, the
wolf began to explore an area of about 270 km?
(100% MCP), located about 30 km south of the
first one (Polygon B-Fig. 1). The last location of
the wolf was acquired on 13" May 2018 at a linear

distance of about 65 km from the release site, about
17 months earlier (January 2017).

Meanwhile, the road section where the car
accident occurred was equipped with a combination
of passive optic and acoustic devices for wildlife-
vehicle collision avoidance, in order to mitigate the
risk of death or injuries f other members in the local
pack in the future.
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Fig. 1. Map of the successive localizations of the released Italian wolf acquired from the satellite radio collar
applied, throughout the whole telemetry monitoring period (19" January 2017- 13 May 2018). The circle represents
the hypothetical territorial area of the native pack of the rescue wolf. Polygon A represents the area where the
released wolf lived from June to November 2017 whereas polygon B represents the area frequented by the wolf
between February 2017 and May 2018.

Discussion

Although a number of studies have been carried
out to investigate the ecological role of wolves in
the ecosystem equilibria, and the conservation
status of most European wolf populations, to our
knowledge, the post-release behavior and the
effects of captivity on rescued wolves has been
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only seldom addressed (MECH and BOITANI,
2003; RIO-MAIOR et al., 2016). Overall, the few
studies dealing with these topics suggest that the
release of rehabilitated wolves might contribute to
the conservation of local populations by the return
of rescued individuals into their natal resident

209



C. Musto et al.: Conservation at the individual level: successful rehabilitation and post-release monitoring of an Italian wolf
(Canis lupus italicus) injured in a car accident

packs, while maintaining their original social role
(RIO-MAIOR et al., 2016). However, the few cases
about the post-release behavior of rehabilitated
wolves reported in the current scientific literature
were mainly focused on animals without severe
traumatic injuries. Indeed, only one study described
the rehabilitation and successive release of two
severely injured wolves in Northwest Portugal
(RIO-MAIOR et al., 2016) and in only one other,
the activities of a rehabilitated and released wolf
were closely monitored over a long post release
period (CIUCCI et al., 2009).

In Italy, despite its current re-expansion and
increasing abundance, the wolf is still considered
a conservational priority because of its persisting
high mortality, especially in human-dominated
landscapes, and its subspecies uniqueness
(CHAPRON et al., 2014; GALAVERNI et al.,
2016; MONTANA et al., 2017). In this context,
the successful rescue and release of an individual
could reinforce the local wolf population viability,
by returning to its resident pack a young individual
which might later become a helper or a reproductive
pack member. Additionally, to evaluate the actual
success of the release operation, we documented
the post-release survival and movement patterns of
the rehabilitated wolf using a GPS satellite collar.
Overall, our results suggest that the deep traumatic
injuries suffered by the wolf, and the 35 days spent
in captivity for its rehabilitation appeared not to
have impaired its ability to move across its territory,
even though the wolf limited its movements to a
relatively restricted area in the initial period after
its release. However, a comparable pattern was
reported by CIUCCI et al. (2009) for a rehabilitated
wolf that remained within a circumscribed area for
about 2 months after its release, before embarking
on long-distance dispersal movements. This
behavioral pattern might indicate an initial recovery
phase of about 1-2 months after the release, whose
duration might depend on the extent of the injury
and the length of the rehabilitation period, but
also on the release season and on the young age
of the wolf. Its age may have positively influenced
its quick post-release integration into the original
pack, since young individuals should be more
easily accepted by pack members (SCHULTZ et
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al., 1999). Pack members usually show hostility
to external adult members, which could lead to
aggression, encouraging released wolves to remain
transient (MECH and BOITANI, 2003), but in this
case the wolf pup was released in the area from
which it originated, and into its natal pack.

This study demonstrates how a multidisciplinary
management approach, involving the expertise of
veterinarians, geneticists, wildlife biologists and
the personnel of wildlife rescue centers, can favor
the recovery and the successful release into nature
of arescued wild animal, which is crucial especially
when it belongs to a flagship species with a high
ecological role, such as wolves.

We believe that this successful example could be
replicated in other contexts and species/subspecies
with a high conservational value.
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SAZETAK

Ovaj prikaz slucaja opisuje spasavanje osmomjesecnog muzjaka talijanskog vuka (Canis lupus italicus) koji
je bio zrtva naleta vozila s posljedi¢nim nagnjecenjem pluca, prijelomom vrata desne bedrene kosti prijelomom u
podrucju metafize lijevoga koljena. Primijenjen je lateralni kirurski pristup kako bi se sanirala visestruka nagnjecenja
i prijelomi u zivotinje. Nakon toga je vuk prevezen u centar za oporavak divljih zivotinja gdje se potpuno oporavio.
Nakon 35 dana u zatoceniStvu vuk je pusten u okolis nalik na njegov prirodni te je prac¢en preko GPS ogrlice. Ogrlica
je ispravno radila 479 dana. Za to je vrijeme pokazala 1202 lokacije, upucujuéi na to da je vuk presao 1590 km, u
prosjeku mjese¢no 102 = 40 km (+ SD), istrazujué¢i podru¢je od 270 km?. Prvih 10 dana nakon oslobadanja vuk je
ostao u podruéju nalik na njegov prirodni okoli$, no u dobi od 10 mjeseci poceo je odlaziti na Sire podrucje. Posljednja
je njegova lokacija zabiljezena 13. svibnja 2018., oko 17 mjeseci nakon pustanja, na zra¢noj udaljenosti od oko 65
km od mjesta ispustanja. Ovaj preliminarni podatak pokazuje da je vuk bio ziv i prelazio velike udaljenosti nakon
oslobadanja. Takoder pokazuje da multidisciplinarni pristup spasavanju moze pospjesiti oporavak i uspjesno vracanje
u prirodu divljih zivotinja koje pripadaju vodeé¢im vrstama s velikom ekoloskom vaznos¢u, kao Sto je talijanski vuk.

Kljucéne rijec¢i: talijanski vuk; o€uvanje; oporavak divljih zivotinja; ortopedski kirurski zahvat; radiopracenje
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