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Background
Apex predators, such as otters (Mammalia: Mustelidae), 
play a crucial role in maintaining the delicate balance of 
river ecosystems [1]. Their genetic variability is pivotal 
for the local adaptation of these species [2], allowing 
them to respond to environmental challenges, including 
changes in food availability, habitat loss, and emerging 
diseases [3–5].

Otters comprise 13 species in 8 genera, distributed 
across the Americas, Eurasia, and Africa [6]. Except for 
the North American river otter Lontra canadensis, all 
these taxa are listed as “Near Threatened” (including the 
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Abstract
Background  The Eurasian otter Lutra lutra experienced a dramatic decline in Europe during the 20th century. The 
urbanization of human population following the abandonment of countryside as well as reintroduction plans led to a 
recent recovery in many areas.

Case presentation  We investigated both cause of death and genetic origins of a recently discovered dead otter 
specimen in Tuscany, a region of central Italy where the species disappeared three decades ago. The necropsy was 
performed using a forensic approach. We also sequenced three gene fragments [cytochrome-oxidase subunit I (COXI), 
cytochrome-b (cytb), control region (D-loop)] of the mitochondrial DNA (mtDNA), to infer to which populations the 
rescued individual was genetically closest to. Then, we compared these sequences with those retrieved from fecal 
samples collected in north east Italy as well as with many others downloaded from the GenBank.

Conclusion  This is the first case of a neoplastic lesion in a bone tissue of wild Eurasian otter, with morphological 
features compatible with osteoblastic osteosarcoma. Molecular analyses revealed a high affinity of the individual with 
European L. l. lutra specimens, particularly with those from England (COXI) and Italy (D-loop and cytb).
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Eurasian otter Lutra lutra) or “Threatened” by the Inter-
national Union for Conservation of Nature [7]. The Eur-
asian otter ranges from Portugal to Japan and Indochina, 
including southern India, Sri Lanka and Sumatra (Indo-
nesia), with 12 morphological subspecies ([7, 8], 8: Fig. 1).  

Despite the huge range, the species is listed as “Near 
Threatened” [8]. In Europe, the decline of the native pop-
ulations (L. l. lutra) was mainly due to habitat destruc-
tion, pollution, and overfishing [6–9].

In protected wildlife species, forensic necropsy repre-
sents a valuable tool for determining the cause of death, 
particularly when illegal killing or other non-natural 
causes are suspected [10, 11]. Indeed, forensic method-
ology can provide reliable evidence on mortality causes, 
helping to identify anthropogenic threats—such as 
poaching, trauma of suspicious origin, or improper han-
dling—that may otherwise go undetected. This informa-
tion is essential for wildlife authorities and conservation 
managers to adopt appropriate mitigation measures, 
improve surveillance, and support law enforcement 
actions aimed at protecting recovering populations. In 
the literature, a documented case has shown that the 
application of a forensic protocol was decisive in confirm-
ing the unlawful killing of a Eurasian river otter (Lutra 
lutra) [12]. A post-mortem study conducted on this spe-
cies between 2009 and 2017 has led to identify road 

traffic collisions as the major cause of death, followed by 
blunt chest trauma of uncertain origin, attacks by dog 
and conspecific and, more rarely, diseases [9]. Nonethe-
less, neoplastic diseases are rarely reported in Eurasian 
otters with a few cases described only in captive individu-
als [13–17] and to the best of our knowledge no case of 
osteoblastic osteosarcoma has ever been documented.

Low genetic variability in the Eurasian otter is linked 
to the species decline across Europe [18–20]. Ital-
ian museum specimens holds two mitochondrial DNA 
(mtDNA) haplotypes only [21], whereas modern indi-
viduals from England display a higher diversity, which is 
most likely due to multiple releases [22, 23]. Individuals 
from Russia and Transcaucasia also show a great variabil-
ity, with unique haplotypes and endemic subspecies L. l. 
meridionalis and L. l. seistanica (Fig. 1 [8, 22]),.

Since the 1990 s, national action plans, reintroduction 
projects, and international protection laws such as the 
Berne Convention and the Habitats Directive 92/43/EEC 
have supported the recovery of several European otter 
populations, including those from southern and central 
Italy [9, 24, 25]. The increasing concentration of people 
in urban areas has also favored the natural re-expansion 
of relict populations [24], though long-term monitoring 
is still required to track population trends [25].

Fig. 1  Distribution of subspecies of Lutra lutra in Eurasia and northern Africa(source: www.iucnredlist.org (Accessed on 20.12.2025); [8]

 

http://www.iucnredlist.org


Page 3 of 13Maccagnan et al. BMC Veterinary Research          (2026) 22:227 

In Italy, otters showed the same decline–recovery pat-
tern as that observed in conspecific populations across 
Europe [21, 24–26]. Up to the 1970 s, the Eurasian otter 
was widespread across the Italian peninsula [21], but in 
the 1980 s numbers fell sharply, with the species surviv-
ing only in the southernmost regions with an estimated 
number of 100–130 individuals [21]. In the late 1990 s, 
releases were carried out in the Ticino River (north-west-
ern Italy) using otters of genetic lineage “B” (L. l. barang), 
introgressed with the Indochinese subspecies and there-
fore unsuitable for conservation programs [24–26]. Fol-
lowing a legal protection under the Italian national law, 
a slow but steady recovery began, and otters recolonized 
most of the river basins in southern Italy and expanded 
towards central regions [24–28].

Since 2011, recolonization of northern Italy has 
occurred via natural dispersal from populations of neigh-
boring countries [29–31], with rivers in a natural state 
acting as ecological corridors [32]. A recent national 
monitoring, combining spraint analysis, camera-trap 
records, and environmental DNA, has confirmed the 
occurrence of otters in parts of central Italy where they 
were formerly extinct [33], as well as in north-western 
areas near the border with France [25, 34, 35].

The Italian population is currently estimated at about 
1,000 individuals, a size far below the 5,400 which is con-
sidered as the minimum viable threshold [36, 37], with 
the species being still absent in large parts of its histori-
cal range [25]. Eurasian otters are not confirmed in Aosta 
Valley, Umbria and Emilia-Romagna, although in the lat-
ter some reports are under verification [25]. Isolated find-
ings from northern Tuscany, Piedmont and the Po River 
delta (southern Veneto), such as road-killed or deceased 
individuals, remain unexplained (EM and LA, personal 
observation 2024; [38].

In Tuscany (central Italy), the last records for the 
occurrence of otters date back to late 1980 s - early 1990 s 
[39–41]. In 2024, after a survey with no evidence for 
the occurrence of the species conducted between 2022 
and 2023, a male otter was found dead in the province 
of Massa Carrara, suggesting a recent recolonization of 
the northern part of this region [25]. Considering the 
unknown origin of this individual and the suspicious 
context of the finding, we wanted to investigate the cause 
of death also to exclude potential anthropogenic or ille-
gal causes through a forensic necropsy and to assess the 
genetic identity of the otter in point by means of a com-
parison with available datasets from conspecifics sam-
pled across the species’ range.

Case presentation
A dead adult male otter was found on the banks of the 
Magra River (locality La Barca, province of Massa Carr-
ara) in March 2024. This place was approximately 170 km 

away from the northernmost (Ticino River), 150 km from 
the westernmost (Liguria), 250 km from the easternmost 
(Veneto), and 410 km from the southernmost (Latium) 
known Italian populations [25, 38]. Although a few evi-
dences suggest the occurrence of some otter movements 
along the coastline [42], the origin of this individual 
remains uncertain, also because there are no nearby 
enclosures from where it could have escaped [25, 38].

The specimen was delivered to the laboratory of the 
Centro di Referenza Nazionale per la Medicina Forense 
Veterinaria at the Istituto Zooprofilattico Sperimentale 
del Lazio e della Toscana (IZSLT) in Grosseto, for a post-
mortem examination.

Post-mortem examination
The necropsy was conducted by forensic pathologists 
strictly adhering to veterinary forensic guidelines [10]. 
The corpse was initially kept at −20 °C and then main-
tained for 7 days at a refrigeration temperature (5 °C) to 
warrant for a gradual and non-traumatic thawing pro-
cess. Tissue and organs samples were collected for sup-
plementary laboratory exams. Bacteriological cultures 
were performed after necropsy on lungs, kidney, liver, 
heart, and brain using standard aerobic methods [43]. 
Virological analyses on lungs, kidney, liver homogenates 
were conducted through cell culture isolation; intesti-
nal samples were examined using transmission electron 
microscopy [44]. For parasitological screening, fecal 
samples were analyzed using flotation and the FLOTAC® 
technique [45]. Samples from thigh muscle and femoral 
bone with macroscopic lesions were collected, fixed in 
10% buffered formalin, decalcified with a commercial 
mixture of hydrochloric acid and EDTA for 48 h and then 
routinely processed for histopathological examination. 
The entomological fauna was collected for species identi-
fication through a macroscopic examination.

Genetic analyses
DNA was extracted from 30 mg of tissue sample (lat-
eral body muscular part) using a Qiagen Blood and Tis-
sue kit (©Qiagen, Inc, Aarhus, Denmark). Moreover, we 
extracted DNA from three spraints collected in north-
eastern Italy (Friuli Venezia Giulia) in the framework of 
the national monitoring program [25], using the Gen-
EluteTM Stool DNA Isolation Kit (©Merck, Burlington, 
Massachusetts, USA). Both fluorometry (Qubit) and 
Nanodrop™ spectrophotometer (Thermo Fisher Sci-
entific Inc.) were used to measure the amount of DNA 
obtained from the Magra River otter sample (191 ng/
µl), and the absorbance ratio, respectively A260/A280 = 
1.9, and A260/A230 = 1.9. We amplified three mitochon-
drial DNA fragments of the otter individual: a 5’ portion 
of cytochrome-b (hereafter, cytb, 308 bp) using the uni-
versal primers CYTB L14841 (5′-​A​G​A​A​C​A​C​C​C​A​T​T​C​
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A​T​C​A​T​T​A​T​G​C-3′) and CYTB H15149 (5′-​A​A​A​C​T​G​
C​A​G​C​C​C​C​T​C​A​G​A​A​T​G​A​T​A​T​T​T​G​T​C​C​T​C​A-3′) [46] 
the 3′ region of the cytb, tRNAPro, tRNAThe, the whole 
control region (D-loop), and the 5′ region of 12 S rRNA 
using LutbF_15201 (5′-​A​G​A​A​C​A​C​C​C​A​T​T​C​A​T​C​A​T​T​A​
T​C​G-3′) and LLU12SH91_620 (5′-​C​T​A​G​A​G​G​G​A​T​G​T​A​
A​A​G​C​A​C​C​G-3′) [47] and a minibarcode, a small portion 
(169 bp) of the cytochrome oxidase I (hereafter, COXI, 
see below). PCR reactions were carried out in an Eppen-
dorf MasterCycler X50 thermal cycler with a 25 µL mix 
including 100 ng of DNA, 2.5 µL of 10X reaction buffer, 
1 µL of 2 mM MgCl2, 1 µL of each 200 µM dNTPs, 1 µL 
of each 0.2 µM primer, and one unit of Taq DNA poly-
merase (©Life Technologies, Waltham, Massachusetts, 
USA). For both the cytb and the D-loop, the PCR thermal 
profile included an initial denaturation at 95 °C for 2 min, 
followed by 35 cycles of 95 °C for 50 s, annealing at 50 °C 
(for cytb)/55°C (for D-loop) for 45 s, extension at 72 °C 
for 1.5 min, and a final extension phase at 72 °C for 10 
min (modified from [48]).

Since the DNA extracted from the spraints was of low 
quality (quantity: < 1ng/µl, absorbance ratios: A260/A280 
and A260/A230 < 1.8), we amplified the minibarcode 
through the universal primers UniMiniBarF1_13906 
(5′-TCCACTAATCACAARGATATTGGTAC-3′) and 
UniMiniBarR1_14075 (5′-​A​C​T​A​T​A​A​A​G​A​A​G​A​T​T​A​T​T​
A​C​A​A​A​G​G​C-3′) [49]. The gene fragment was amplified 
through a touch-up PCR profile: initial denaturation at 
95 °C for 2 min, followed by 5 cycles at 95 °C for 1 min, 46 
°C for 1 min, and 72 °C for 30 s, followed by 30 cycles at 
95 °C for 1 min, 56 °C for 1 min, and 72 °C for 30 s, and a 
final extension at 72 °C for 5 min.

Amplicons were purified with the ExoSAP-IT PCR 
clean-up Kit (©Applied Biosystems, Foster City, Cali-
fornia, USA) and sequenced on both DNA strands via 
Sanger chain termination method at the BMR Genomics 
(Padua, Italy).

Then, sequences were corrected manually and aligned 
with MEGA XI [50], including COXI and D-loop 
sequences of conspecifics downloaded from the Gen-
Bank (http://www.ncbi.nlm.nih.gov. Accessed on 23 ​S​e​p​
t​e​m​b​e​r 2024) (Table 1).

We organized four datasets including modern and 
museum samples (Table  1) as it follows: the first one 
comprising 960  bp-long D-loop sequences (dataset I, 
number of sequences: 50), the second one with 249 bp-
long D-loop sequences (dataset II, number of sequences: 
93), the third one with 169  bp-long COXI sequences 
(dataset III, number of sequences: 58) and the fourth one 
with 249 bp-long cytb sequences (dataset IV, number of 
sequences: 64).

Overall genetic diversity through the different datas-
ets (number of haplotypes (Nh), haplotype diversity (h), 
and nucleotide diversity (π)) was calculated with DNaSP 

5.10.1 software [51]h is the probability that two haplo-
types randomly chosen from a population are different 
and π is the average number of nucleotide differences 
per site between all possible pairs of DNA sequences in 
a sample population. To visualize the genealogic relation-
ships among haplotypes, a network using the TCS algo-
rithm [52] was constructed in Hapsolutely [53].

Genetic distances among samples were calculated from 
the four DNA sequence datasets. Jmodeltest 2.1.10 was 
used to identify the best-fit substitution model based on 
Akaike (AIC) and Bayesian (BIC) information criteria. 
The best model selected for COXI data set was JC [66], 
for Dloop dataset HKY + I [67] and for cytb TPM1uf [68]. 
The resulting distance matrices were exported in CSV 
format [50]. A Principal Coordinates Analysis (PCoA) 
was performed in R (version 4.1.2) for all mtDNA frag-
ments, using the cmdscale() function. The first two prin-
cipal coordinates (PCo1 and PCo2) were extracted and 
visualized in a scatter plot. The proportion of genetic 
variability explained by each principal coordinate was 
calculated from the eigenvalues obtained from the analy-
sis. We applied PERMANOVA to formally test whether 
the group-level patterns observed in the PCoA ordina-
tions reflected statistically significant differences in mul-
tivariate distances among geographic groups.

Necropsy and histological findings
Gross examination and histological results were partially 
affected by the state of preservation of the carcass, which 
was in advanced stage of decomposition [69], as well as 
freezing. Although a gradual thawing protocol was imple-
mented, freeze–thaw cycles can still induce artefacts and 
reduce diagnostic capacity, particularly in specimens that 
were already decomposed.

Gross findings
Abundant cadaveric entomofauna was observed, pre-
dominantly in the oral cavity and in the left thigh and 
tibial region, where lacerations and larval feeding tracks 
were identified. The detection of specimens from the 
order Diptera, family Calliphoridae, genus Calliphora at 
the third stage of development as well as adults from the 
order Coleoptera, family Staphylinidae and Silfidae, con-
firmed the post-mortem stage [70]. Moreover, eye retrac-
tion was evidenced.

The state of the hair coat was poor with wide areas of 
detachment from the skin, which exhibited a greenish 
coloration. Poor body condition associated with a gen-
eralized muscle atrophy and prominent bone exposure 
were evident. A severe swelling on the left knee and thigh 
was noticed. In this area three lacerations were detected, 
two in the left thigh and one in the left hip. The latter 
was the only one affected by tissue reaction and bone 

http://www.ncbi.nlm.nih.gov
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D-loop COXI cytb Country of origin Reference
NA PQ359396* NA Codroipo, northern Italy This work

PQ367294 (L) * PQ359395* PQ438381* Gemona, northern Italy This work

PQ367293 (L) * PQ359397* PQ438382* Magra River, central Italy This work

NA PQ359394* NA Tarvisio, northern Italy This work

NA KY754512 NA Austria  [54]

AY860334 (S) NA NA central Italy  [21]

AY860335 (S) NA NA central Italy  [21]

AY860336 (S) NA NA central Italy  [21]

AY860337 (S) NA NA central Italy  [21]

AY860338 (S) NA NA central Italy  [21]

AY860339 (S) NA NA central Italy  [21]

AY860340 (S) NA NA central Italy  [21]

AY860341 (S) NA NA central Italy  [21]

AY860342 (S) NA NA central Italy  [21]

AY860343 (S) NA NA central Italy  [21]

AY860344 (S) NA NA central Italy  [21]

AY860345 (S) NA NA central Italy  [21]

AY860346 (S) NA NA central Italy  [21]

AY860347 (S) NA NA central Italy  [21]

AY860348 (S) NA NA central Italy  [21]

AY860349 (S) NA NA central Italy  [21]

AY860350 (S) NA NA central Italy  [21]

LC049377 (L) LC049377 LC049377 China  [55]

LC049378 (L) LC049378 LC049378 China  [55]

LC049952 (L) LC049952 LC049952 China  [55]

LC049953 (L) LC049953 LC049953 China  [55]

MW344881 (L) MW344881 MW344881 China  [56]

NA NA OL814571 China Direct submission to GenBank

OR655422 (L) OR655422 OR655422 China  [22]

BK064833 (L) BK064833 BK064833 Denmark  [23]

NA MN122838 MN122838 Denmark Direct submission to GenBank

HQ113947 (S) NA NA Germany  [57]

NA PP527131 NA Iran Direct submission to GenBank

NA NA LT593913 Iraq  [58]

NA NA LT593914 Iraq  [58]

NA NA LT593915 Iraq  [58]

NA NA LC006975 Japan  [59]

LC049955 (L) LC049955 LC049955 Japan  [55]

LC050126 (L) LC050126 LC050126 Japan  [55]

NA LC094961 LC094961 Laos Direct submission to GenBank

OP554563 (L) OP554563 OP554563 Laos  [60]

OP554564 (L) OP554564 OP554564 Laos  [60]

OP554565 (L) OP554565 OP554565 Laos  [60]

NA OP236725 NA Mongolia Direct submission to GenBank

AY860329 (S) NA NA northern Italy  [21]

AY860330 (S) NA NA northern Italy  [21]

AY860331 (S) NA NA northern Italy  [21]

AY860332 (S) NA NA northern Italy  [21]

AY860333 (S) NA NA northern Italy  [21]

NA NA EF689067 Portugal  [61]

BK064834 (L) BK064834 BK064834 Russia  [23]

Table 1  Accession numbers of Eurasian otters involved in this study. *amplified in this work (sequences will be available on GenBank 
upon publication or after the 10 April 2026). NA, not available. (L), long; (S), short. “Direct submission to GenBank” means sequences 
which have been directly uploaded on GenBank, without any related reference paper
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D-loop COXI cytb Country of origin Reference
LC049954 (L) LC049954 LC049954 Russia  [55]

PP199409 (L) NA NA Russia  [62]

PP199414 (L) NA NA Russia  [62]

PP199415 (L) NA NA Russia  [62]

PP199416 (L) NA NA Russia  [62]

PP199417 (L) NA NA Russia  [62]

PP199418 (L) NA NA Russia  [62]

PP199419 (L) NA NA Russia  [62]

PP199420 (L) NA NA Russia  [62]

BK064835 (L) BK064835 BK064835 Norway  [23]

NA HM380218 NA Norway Direct submission to GenBank

NA HM380219 NA Norway Direct submission to GenBank

KC823049 (S) NA NA Sweden  [63]

NA NA X94923 Sweden  [64]

NA EF672696 NA South Korea  [18]

FJ236015 (L) FJ236015 FJ236015 South Korea  [19]

NA KP992963 NA South Korea  [20]

NA KP992965 NA South Korea  [20]

NA NA KU953399 South Korea  [59]

NA NA KU953400 South Korea  [59]

NA NA KU953401 South Korea  [59]

NA NA KU953402 South Korea  [59]

NA NA KU953403 South Korea  [59]

NA NA KU953404 South Korea  [59]

MW573979 (L) MW573979 MW573979 South Korea  [56]

OR655425 (L) OR655425 OR655425 South Korea  [23]

OR655426 (L) OR655426 OR655426 South Korea  [22]

OR655427 (L) OR655427 OR655427 South Korea  [22]

NA NA LT593916 southern Italy  [58]

AY860320 (L) NA NA southern Italy  [21]

AY860321 (S) NA NA southern Italy  [21]

AY860322 (S) NA NA southern Italy  [21]

AY860323 (S) NA NA southern Italy  [21]

AY860324 (S) NA NA southern Italy  [21]

AY860325 (S) NA NA southern Italy  [21]

AY860326 (S) NA NA southern Italy  [21]

AY860327 (S) NA NA southern Italy  [21]

AY860328 (S) NA NA southern Italy  [21]

AY860351 (S) NA NA southern Italy  [21]

AY860352 (S) NA NA southern Italy  [21]

AY860353 (S) NA NA southern Italy  [21]

AY860354 (S) NA NA southern Italy  [21]

NA BK064847 NA Sumatra Island, Indonesia  [22]

NA NA OQ885370 Switzerland  [65]

MW316682 (L) MW316682 MW316682 Taiwan  [56]

NA NA MW464990 Taiwan  [56]

NA NA MW465928 Taiwan  [56]

NA OM220055 NA Taiwan Direct submission to GenBank

LR822067 (L) LR822067 LR822067 England Direct submission to GenBank

OR633269 (L) OR633269 OR633269 England  [23]

OR633270 (L) OR633270 OR633270 England  [23]

OR633271 (L) OR633271 OR633271 England  [23]

OR633272 (L) OR633272 OR633272 England  [23]

Table 1  (continued) 
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exposure. Another reactive skin laceration was noticed 
on the left elbow.

A main lesion, which clearly involved the left limb 
- specifically the thigh - was identified. In this area, the 
subcutaneous tissue revealed extensive and severe bruis-
ing. The left knee and thigh muscles were intensively 
hemorrhagic (mostly affecting the dorsal part of the bun-
dles) and softened with loss of the entire macro architec-
ture of the muscles (Fig.  2). Numerous bone fragments 
(various shapes and sizes) were embedded to the hemor-
rhagic and softened muscles, especially in the left coxo-
femoral joint.

The left femur showed increased volume (Table 2) and 
an irregular, thickened periosteum with proliferative and 
infiltrative changes. However, no bone fractures were 
observed.

The abdominal cavity and abdominal wall exhibited 
a greenish discoloration consistent with putrefactive 
changes, which extensively involved the internal organs 
and precluded their reliable assessment. A slight emoab-
domen was detected. Cadaveric entomofauna was found 
in the esophagus. The stomach was empty, with only a 
moderate amount of blood and brown liquid. Catarrhal 
jejunitis and presence of blood in colon and rectum were 
detected. The gut was also examined for the presence of 
parasites, however none was detected. All internal organs 
were severely affected by putrefactive changes, prevent-
ing reliable evaluation. Several parenchymal nodules 
were detected in the lungs, where also a hemorrhage 
to the right caudal lobe was found. Pathogenic bacte-
ria (Moellerella wisconsensis, Gemella haemolysans and 
Aerococcus viridans) were detected in the lungs, kidneys, 
liver, heart, and brain. No viruses and parasites were 
revealed (Table  3). The micro-organisms detected are 
pathogenic bacteria. These bacteria may have contrib-
uted to a secondary septicemic process, although defini-
tive conclusions are limited by the advanced state of 
decomposition and we cannot exclude a contamination 
phenomenon.

Microscopic findings
Histological examinations of femur and of thigh mus-
cle revealed presence of neoplastic tissue with cellular 
and nuclear pleomorphism, frequently associated with 
bizarre mitosis, and markedly hyperchromatic chroma-
tin. The tumoral osseous matrix detected in both sam-
ples investigated presents a pattern of small islands. In 

Table 2  Morphometric measurements of the left and right 
femurs

Left femur Right femur
Proximal epiphysis 28.32 mm 22.78 mm

Diaphysis 18.26 mm 12.41 mm

Distal epiphysis 22.16 mm 12.80 mm

Fig. 2  Left knee and thigh haemorrhagic muscles

 

D-loop COXI cytb Country of origin Reference
OR633273 (L) OR633273 OR633273 England  [23]

OR633274 (L) OR633274 OR633274 England  [23]

OR633275 (L) OR633275 OR633275 England  [23]

OR633276 (L) OR633276 OR633276 England  [23]

OR633277 (L) OR633277 OR633277 England  [23]

OR633278 (L) OR633278 OR633278 England  [23]

OR633279 (L) OR633279 OR633279 England  [23]

OR633280 (L) OR633280 OR633280 England  [23]

OR633281 (L) OR633281 OR633281 England  [23]

OR633282 (L) OR633282 OR633282 England  [23]

OR633283 (L) OR633283 OR633283 England  [23]

OR633284 (L) OR633284 OR633284 England  [23]

OR633285 (L) OR633285 OR633285 England  [23]

OR633286 (L) OR633286 OR633286 England  [23]

OR655423 (L) OR655423 OR655423 England  [23]

OR655424 (L) OR655424 OR655424 England  [23]

Table 1  (continued) 
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the samples of neoplastic tissues, clear signs of prevalent 
osteoblastic differentiation have been detected in focal 
path and frequently mixed with foci of collagen (Fig. 3). 
An admixture of two prevailing elements represents, in 
different proportion, the common histologic feature of 
osteosarcoma [71]. Pleomorphism and atypia involved 
nuclei and cytoplasm represented key diagnostic ele-
ments. Osteosarcomatous cells were characterized by 
hyperchromatic nuclei, frequently central or eccentric 
in the cell soma. Mitotic bizarre figures and prominent 
nucleoli were not very common.

Genetic findings
Number of haplotypes, nucleotide and haplotype diver-
sity for the four datasets were reported in Table 4.

Looking at the haplotype networks obtained for the 
different datasets, the sample from central Italy (Magra 
River, red color) showed close genealogic relationships 
with samples from England and southern Italy (Fig. 4).

In the dataset II network the Italian samples, includ-
ing museum samples, belonged to one of the two more 
frequent haplotypes, with a smaller sample from south-
ern Italy included in the other more frequent haplotype 
together to the otter newly analyzed (Magra River, cen-
tral Italy). Magra River sample did not share the same 
haplotype of all other Italian samples (including spraints 
analyzed in this paper). The PCoA plot revealed distinct 
clusters corresponding to geographic origin. The Magra 
River sample was always positioned within European 
clusters (Fig. 5).

Across all four PCoA analyses, the visual cluster-
ing patterns were supported by formal statistical tests. 
PERMANOVA confirmed significant differences among 
geographic groups in every dataset, with R² values rang-
ing from 0.18 to 0.29 and all p-values ≤ 0.002, suggesting 
that the separation observed in the ordinations reflects 
genuine structure rather than random scatter. Pairwise 
PERMANOVA further indicated that the strongest dif-
ferentiation consistently occurred between European 
and East Asian groups (p < 0.001). Within Europe, most 
comparisons were nonsignificant, although Dataset 
III revealed a distinct separation between most of UK 
samples plus Magra River and the rest of the European 
cluster (p = 0.015). (Fig.  5). Tests of multivariate homo-
geneity of group dispersions showed that European 
samples generally exhibited lower within-group vari-
ance than non-European groups; dispersion differences 
reached significance in Datasets I and IV but did not 
alter the overall direction of the PERMANOVA results, 
indicating that group separation was not driven solely by 
heteroscedasticity.

Discussion and conclusions
Cause of death
Based on the gross and histopathological findings and 
considering decomposition-related artifacts, a diagno-
sis of primary osteoblastic osteosarcoma was consid-
ered plausible in this Eurasian otter. As a matter of fact, 
osteosarcoma is a well-documented malignant tumor 
in domestic carnivores, known for its high metastatic 
potential, poor prognosis and ability to induce systemic 
effects such as cachexia [71–73]. In our case, the absence 
of evident metastatic foci could be attributed to the 
advanced state of post-mortem autolysis, which may have 
obscured secondary lesions. However, no data are cur-
rently available on the metastatic behavior and systemic 

Table 3  Results of laboratory diagnostic tests (“-“ test not 
performed)
Organ Viruses Bacteria Parasite
Brain - Moellerella wisconsensis, 

Aerocccous viridans
-

Heart - Moellerella wisconsensis -

Kidney Not detected Moellerella wisconsensis, 
Aerocccous viridans

-

Liver Not detected Moellerella wisconsensis, 
Aerocccous viridans

-

Lungs Not detected Moellerella wisconsensis, 
Gemella haemolysans

-

Intestine Not detected - Not de-
tected

Table 4  Genetic diversity in terms of number of haplotypes, 
nucleotide and haplotype diversity for all gene fragments. SD, 
standard deviation

Dataset I (D-
loop long)

Dataset 
II (D-loop 
short)

Data-
set III 
(COXI)

Data-
set IV 
(cytb

Number of haplotypes 21 13 5 14

Haplotype diversity h 
(SD)

0.802 (0.058) 0.688 
(0.030)

0.329 
(0.061)

0.786 
(0.043)

Nucleotide diversity 
π (SD)

0.005 (0.001) 0.005 
(0.001)

0.002 
(0.001)

0.007 
(0.001)

Fig. 3  Femur bone. Neoplastic tissue with osteoblastic differentiation. 
HE; 5x inset: neoplastic cells with eccentric nuclei and moderate cellular 
pleomorphism
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effects of osteosarcoma in Eurasian otters, as no studies 
have specifically investigated this neoplasm in the species 
in point.

The cause of death was attributed to severe malnu-
trition and cachexia, due to the progressive functional 
impairment caused by an advanced osteoblastic osteosar-
coma in the left femur. The extensive neoplastic infiltra-
tion presumably impaired mobility, significantly reducing 
the otter’s ability to hunt and feed, eventually leading 
to starvation. In addition, the occurrence of pathogenic 
bacteria in multiple organs was proved, this suggesting 
a concomitant septicemic process that may have further 
aggravated the deteriorating health condition and con-
tributed to the animal’s death. Importantly, the forensic 
investigation played a key role to exclude anthropogenic 
or illegal causes of death. Given the suspicious context of 
the discovery—an otter found in a region where the spe-
cies had been absent for over three decades—the foren-
sic approach allowed us to exclude trauma, violence, or 
other anthropogenic causes, thus confirming that the 

death was attributable to a natural pathological condi-
tion. This highlights the relevance of forensic necropsy 
in wildlife conservation, particularly for protected and 
recovering species. The uniqueness of this research lies in 
the detection of a bone neoplastic lesion showing features 
compatible with osteosarcoma in a species where tumors 
are rarely reported, especially in free-ranging specimens. 
In fact, most of the neoplastic diseases - including malig-
nant melanoma, mammary adenoma and fibrosarcoma 
- previously detected in otters deal with captive individu-
als [15–17]. Only a single case of osteosarcoma affecting 
the maxilla has been documented in a southern sea otter 
(Enhydra lutris nereis) [74]. Additionally, Burek-Hunting-
ton and colleagues [75] described three cases of sarcomas 
in free-ranging northern sea otters (Enhydra lutris ken-
yoni), including a chondrosarcoma and two low-grade 
fibrosarcomas. These findings suggest that, although rare, 
sarcomas may occur in wild mustelids, particularly in 
marine species.

Fig. 4  Haplotype networks for all mtDNA fragments analyzed in this work. The circle size is proportional to the number of sequences for each haplotype 
(see legend). White dots indicate more than one mutational step between linked haplotypes. dataset I: D-loop sequences (960 bp, number of sequences: 
50), dataset II: short D-loop sequences (249 bp, number of sequences: 93), dataset III: COXI sequences (169 bp, number of sequences: 58) and dataset IV: 
cytb data (249 bp, number of sequences: 64). mus, museum. The black arrow shows the sample from Magra River in Tuscany (central Italy)
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Overall studies on neoplastic diseases in Eurasian 
otters and other mustelids are needed to assess their 
prevalence, potential environmental risk factors, and 
long-term implications for conservation.

Genetic assessment
Our study confirms the low genetic variability of the Eur-
asian otter across its entire range (nucleotide diversity = 
0.004–0.007), which is similar to or slightly higher than 
that reported in previous studies [76, 77], but lower than 
that detected in Scandinavia [63]. Conversely, the unex-
pected high genetic diversity recorded in Eurasian otters 
from England might be related to the admixture between 
regional populations which survived the local crash in 
the 1950–1980 s and non-British individuals released to 
overcome the population bottleneck [23, 76]. Likewise, 
Asian populations included the highest number of mor-
phological subspecies and haplotypes [18–20, 56, 59, 60], 
e.g., the Indochinese L. l. barang from Laos.

Based on the limited data from museum specimens, 
modern Italian samples are close to those from England 
as well as historical samples from the Italian Peninsula 

[21]. Additionally, according to D-loop analysis, the 
Magra River specimen clustered together with museum 
samples from southern Italy. Analyses of cytb and COXI 
genes also show that it is similar to modern southern Ital-
ian otters, even though it has a unique haplotype.

Population isolation has reduced gene flow across 
Europe [77–79], producing genetic structuring among 
localities [80]. Yet European bottlenecks seem to have 
only marginally influenced the genetic diversity of the 
Eurasian otter [81]. At least three genetic groups are 
currently present in Italy: one from southern Italy with 
individuals recolonizing northern regions [5, 21], the 
Indochinese haplotype in the Ticino River [26], and 
the “new” haplotype identified in the otter found in the 
Magra River. The PCoA analyses provided a coherent 
view of the geographic structure underlying our datas-
ets. In all cases, except dataset III, the European samples 
consistently built up a homogeneous and statistically 
reliable cluster. The disclosure of a fine-scale structure 
within Europe in Dataset III (COXI), particularly the pro-
nounced isolation of the samples from England, may be 
related to the high sample size for this gene fragment.

Fig. 5  Principal Coordinates Analysis (PCoA) of all samples based on the genetic distances. The total variance explained is shown in percentage at each 
axis. Colors represent geographic origin. The Magra River sample is always highlighted in red and by the arrow. The clustering pattern reflects the same 
relationships observed in the networks
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Conversely, the main limitation of our study was 
the small sample size for the Italian population, which 
included a few individuals only. Hence, further sam-
plings in both northern and central regions will provide 
data useful to disentangle the relationships between the 
Italian and other European conspecifics. In addition, the 
amplification of nuclear genes would allow a more reli-
able assessment of the gene flow between the otters from 
central Italy and those occurring in other regions.

The reduction of threats and habitat fragmentation of 
otter populations have promoted a slow recovery of the 
species throughout its European range [82, 83], thus trig-
gering a potential genetic admixture of different popula-
tions [84].

After decades of local extinction, the Eurasian otter 
is slowly recovering in Italy, both from southern relict 
populations and through natural expansion from neigh-
boring countries (e.g., France, Switzerland, Austria and 
Slovenia: [19]). In this context, unauthorized releases or 
escapes should be strictly avoided, as they may introduce 
non-native genotypes with negative consequences for 
native populations [5].
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