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A B S T R A C T   

In Germany, all information about the Central European Lowland Wolf population is aggregated by the Federal 
Documentation and Consultation Centre on Wolves (DBBW). The dataset on wolves found dead was an important 
source of supplementary information for this study in particular. In January 2020, our examination of a wolf 
cadaver revealed a vertebral fracture that caused a complete severance of the spinal cord. Furthermore, the 
presence of a canid claw in the stomach of the specimen indicated that we encountered a rare case of auto-
mutilation in a wild animal, which was subsequently confirmed when the genetic analysis determined that the 
claw belonged to the examined wolf.   

1. Introduction 

The grey wolf (Canis lupus) was extinct in Germany for approxi-
mately 150 years and has been returning since the late 1990s as a result 
of the animal’s strict protection status [16]. Since then, the species has 
continued to expand its range in Germany; in the monitoring year 
2018/2019, 105 wolf packs, 40 pairs of wolves and 11 resident in-
dividuals were documented by the Federal Documentation and 
Consultation Centre on Wolves [6]. The agreement of all federal states 
on the standardized handling of reference data in 2009 laid the foun-
dation for the nationwide monitoring of the wolf population. Since 2006 
a standardized examination scheme of dead wolves has been utilized by 
the Leibniz Institute for Zoo and Wildlife Research (IZW) in Berlin. 

In January 2020, a male wolf from Lower Saxony was sent to the 
IZW. The animal was found dead approximately 300 m away from the 
nearest road. A traffic accident was suspected as the cause of death; 
however an illegal killing could not be excluded either. During necropsy, 
we found the toe of a canid in its stomach, which phenotypically 
matched the wolf itself. At the hind limbs a total of four toes were 
missing, which suggested a case of automutilation. 

Automutilation is a known problem amongst wild animals kept in 
human captivity and is generally attributed as a symptom of a captivity- 
related behavioral disorder [10]. However, in free-ranging animals 

there are only a few documented cases. The self-injuring behavior may 
have several causes: 

In Lahore, Pakistan, automutilation was observed in African lions at 
both, single and group enclosures. According to the authors, the fre-
quency of this behavior was reduced with increasing availability of 
space as well as increasing quality of enclosure equipment [10]. 

Some of the described causes of self-injurious behavior in pets, 
especially dogs, are generally conceivable for wild animals like the wolf: 
In the context of a viral infection with rabies or pseudo-rabies, behavior 
such as biting, intensive licking or rubbing occurs [15]. Furthermore, 
the infestation with ectoparasites such as lice [14] or allergic reactions 
to flea saliva can lead to licking, rubbing and finally to injuries as well 
[3]. 

Sensory polyneuropathies are known to be a hereditary cause of 
automutilation in various breeds of dogs, whereas the affected animals 
intensively lick and gnaw on their distal limbs, resulting in extensive 
wounds and possibly autoamputations [5]. 

Moreover, automutilation has been observed acutely in cases of 
trauma-induced paresis or paralysis [11], and it has also been described 
as a long-term complication following disc prolapse surgery [1]. 

In summary, there are various infectious, traumatic, hereditary and 
psychogenic causes for automutilation in animals. Here, we present a 
rare case of automutilation in a free-ranging wolf. Based on this case, we 
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show the comprehensive pathological methods, which are standardly 
used within the framework of the German wolf monitoring program for 
all wolves found dead, to receive information about the population’s 
health status. 

2. Methods 

The methods, used to illuminate the circumstances of this suspected 
automutilation followed the standard concept and examination pro-
cedures of the German program for monitoring of dead found wolves. 

2.1. Computed tomography 

The initial investigation of the submitted wolf comprised a screening 
for fractures and other pathologies, detection of projectile particles as 
well as age determination using computed tomography (CT) scanning 
(Appendix A). 

2.2. Necropsy 

In a second step, necropsy was performed. To this end, the carcass of 
the wolf was measured, dissected and all organs macroscopically 
examined. Any phenotypic characteristics as well as pathological gross 
lesions observed at necropsy were documented in detail in a descriptive 
written report and by taking high-quality photographs. 

During the necropsy, we took representative samples of all internal 
organs, which were fixed in 4% buffered formalin. All endo- and ecto-
parasites were transferred into 70 % ethanol. Samples of all organs, hair, 
bones, muscles, feces, stomach contents, bile, urine and blood were 
frozen at – 80 ◦C until further processing. 

2.3. Further investigations 

For histological examination, the formalin-fixed organ samples were 
routinely processed as described (Appendix B). 

In the Senckenberg Research Station Gelnhausen, muscle tissue 
samples obtained during necropsy of all dead wolves were genetically 
examined using standardised protocols for genetic identification and 
characterisation essentially as described. In the case of suspected auto-
mutilation, the canine claw from the stomach was cleaned externally 
and additionally analysed (Appendix C). 

Besides, the wolf was subject of routine testing for the rabies virus 
(RABV) [4], Canine distemper virus, Aujeszky’s disease virus (ADV, Suid 
herpesvirus 1) [19], Canines adenoviruses 1 and 2, Hepatitis E virus, 
Dirofilaria sp., Trichinella spp. and resistant Escherichia coli by various 
cooperating partners. 

3. Results 

3.1. Computed tomography 

We found an oblique fracture completely through the vertebral body 
of the 6th lumbar vertebra with dorsoventral offset of the caudal frag-
ment accompanied by a completely severed spinal cord. On the right 
hind limb, the digit II, III and IV were missing the claws, phalanges 
distales, phalanges media in whole or in part as well as the associated 
pads. On the left hind limb the claw, phalanx distalis and media and pads 
of digit II were missing. The right elbow joint was a completely miner-
alized callus. Within the callus, we found numerous metal dense parti-
cles (Appendix A). 

3.2. Necropsy 

Macroscopic examination revealed that the carcass was already 
autolytic; the winter coat was extremely wet and polluted with sand. 

Presence of permanent teeth with signs of abrasion as well as mature 

testicles were clear signs that the animal was an adult wolf. The animal 
was in a good nutritional condition. 

The entire left eye, the inner structures of the right eye, parts of the 
tongue, anus, rectum, the largest part of the colon, prostate, bladder as 
well as parts of the pelvic muscles were missing. We found no bleeding in 
these areas, but irregular blurred edges of the surfaces. 

The absence of parts of the toes was confirmed during the necropsy 
as previously described in the computed tomography results. The 
remaining bone stumps showed score marks. 

The right elbow joint was altered by a massive arthritis and callus 
formation, causing a complete stiffening of the joint. A single metal 
splinter of ammunition was isolated from the medial side of the joint. 
The muscles of the right front limb were slightly atrophic, and the right 
paw was smaller in length and width compared to the left. The hair 
underneath the right front paw was severely elongated. 

In the thoracic cavity, we found approximately 100 mL of partially 
coagulated blood. The lungs showed moderate acute bleeding. The Lobus 
quadratus hepatis was completely separated from the rest of the liver, and 
it was laid together with the gallbladder cranial of the diaphragm in the 
thorax. Since we discovered a small tear in the esophageal hiatus and no 
evidence of a rupted diaphragm, the liver lobe likely entered the 
thoracic cavity through the hiatus. 

The stomach content weighed 104 g, and it mainly consisted of hair 
and plant parts. From the stomach, we isolated the claw with phalanx 
distalis and media as well as the corresponding pad (Fig. 1). 

3.3. Further investigations 

The genetic examination of muscle and toe samples of the wolf 
showed a 100 % sequence identity and confirmed that the toe in the 
stomach originated from the wolf itself. 

Reconciliation of the genetic data with our database as well as with 
the genetic database of the German wolf monitoring program, identified 
the examined wolf as ‘GW421m’. Since 2016, the animal had previously 
lived reproductively active as the breeding male of the wolf pack ‘Vis-
selhövede’ in Lower Saxony, where he was first recorded and genetically 
identified in May 2015. ‘GW421m’ was born between 2012 and 2014 in 
the ‘Klepzig’ wolf pack in Brandenburg. Thus, the genetic analyses 
confirmed the adult status of the wolf. 

Tests on canine distemper, rabies and pseudorabies were negative, 
and histologically there was no sign of inflammation in the brain. 

4. Discussion 

The discovery of the toe in the wolf’s own stomach is the first 
documented case of automutilation in a free-ranging wolf in Germany. 

In the monitoring year 2019/2020, 126 wolves were found dead. 11 

Fig. 1. The toe of a canid taken from the wolf’s stomach.  
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of them were killed illegally, and seven showed old non-lethal gunshot 
wounds [8]. 

In this case, the callus around the bullet particles on the right elbow 
was completely mineralized, which implies that the injury must have 
taken place at least three months before the eventual death. 

It is highly probable that the wolf died because of blunt trauma, 
consistent with a traffic accident, which is suggested by the ruptured 
liver lobe, the vertebral fracture and the bleedings in the lung. Likely, 
the ultimate cause of death was a shock and cardiovascular failure due to 
blood loss. Before succumbing to his death, the wolf managed to move 
300 m away from the accident site and appears to have severed and 
consumed its own toe. 

Although there are reports of infections with distemper, rabies [13] 
and pseudorabies in wolves [2], we did not find any histological evi-
dence of encephalopathy. Because laboratory testing did not detect any 
pathogen related viral antigen, RNA or DNA, we excluded these in-
fections as the primary cause for the observed automutilation. Besides, 
an infestation with ectoparasites could not be detected at the time of the 
examination. Ticks and fleas leave the host with the onset of algor mortis. 
However, we found no evidence for general dermatopathy, chafing and 
licking of the entire carcass including the remaining toes. Those would 
be expected in case of a generalized ectoparasite infestation [14] or an 
allergic reaction [9]. The presence of dysesthesias due to a hereditary 
polyneuropathy could not be excluded entirely, but the intactness of the 
remaining paws in this case, the good nutritional condition and the 
absence of general chronic muscle atrophy contradicts a hereditary 
polyneuropathy as an explanation for the automutilation. 

The possibility that the wolf began to consume his paws due to 
hunger cannot be excluded either; it is likely that the wolf did not feel 
deep pain in its hind limbs anymore, and was unable to hunt due to its 
paralysis [20]. As not every hunt is successful, wolves are able to cope 
with not eating daily. The wounds of the hind limb showed blurred 
edges while the visible bone fragments showed small score marks, which 
are suspected to be tooth scratches. Also, there were no signs of scar 
formation or tendencies of healing. Nevertheless, the fact that we found 
only one of the five gnawed off toes in the digestive tract as well as the 
good nutritional condition of the animal points against this hypothesis. 

A common cause of automutilation in wild animals cared for by 
humans is psychogenic disorder. Under unfavourable housing condi-
tions, inadequate behavioural and foraging enrichments and missing 
anticipatory activity, both boredom and stress are known to induce 
stereotypical behaviour [17]. Such stereotypes occur less frequently in 
more semi-natural enclosures, as it has been shown in big cats [18]. 
Therefore, a psychogenic cause for automutilation in free-ranging ani-
mals is considered highly unlikely. 

The other missing toes could not be found. Possible explanations are 
that the toes were separated during the accident or the wolf had bitten 
them off at a different place and/or digested them. Also, the toes might 
have been removed by scavengers before. It is unlikely that a wild boar 
or fox, for example, could have bitten off the toes after the wolf’s death 
in the same way the wolf did. However, dental marks were only detected 
clear on the bone stumps. The absence of the eyes and organs of pelvic 
region instead of missing parts of the entire carcass is more in accor-
dance with scavenging birds than with mammals. 

In our opinion, the automutilation is comparable to the cases from 
the study by Aikawa et al., 2012 [1], in which several dogs with 
high-grade neurological dysfunctions after surgical treatment of disc 
prolapse began to gnaw and mutilate their hind limbs, tails or genitals. 
The authors cite Shermann et al. [17] as a possible explanation for their 
cases, who suggested that automutilation occurs in animals with an 
insensibility or paraesthesia as well as in bored or stressed animals. In 
regard to this wolf, a psychogenic cause of the automutilation by this 
stress situation can only be speculated. The fact that it suffered from 
paraesthesia and paraplegia due to the spinal cord dissection and 
therefore dysfunction of the lumbosacral plexus cannot be denied. 

Aside from the cause of death and the last hours of the wolf’s life, we 

received information about the general health condition of this wolf. 
Combined with the data from all necropsies and further investigations, 
we obtain an overview of the population’s health status, parasite in-
festations [12] and viral infections [7]. Despite its injured fore limb due 
to shooting, the wolf was in a good nutritional condition. It showed no 
conspicuous behaviour in the neighbourhood of human settlements. 
Both facts indicate either a sufficient food supply by its pack or a per-
sisting own hunting success regardless of its former gunshot injury. 

This necropsy in combination with the results from the monitoring 
project reveals useful information about the life and death of wolves in 
Germany. It is an excellent example of how the lives of individual wolves 
can be randomly endangered by humans, but also how they can be 
intentionally influenced at times. 
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