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Humanewildlife conflicts may have devastating consequences for fauna due to targeting by humans of
wildlife populations suspected to have predated livestock. Suspicion of depredation of extensively raised
livestock by vultures in Europe has triggered public administration-led forensic investigations intended
to distinguish between predation and scavenging in order to compensate farmers for attacks on their
livestock. In this study, gross and histological analyses were carried out on suspected cases of domestic
animal depredation by griffon vultures (Gyps fulvus) over a 1-year period. Fifty-eight animals were
affected (n ¼ 41, suspected depredation), including domestic cattle (75.9%), sheep (22.4%) and a goat
(1.7%). All the adults affected were female and most cases of suspected depredation occurred during the
peripartum period (56%). Histological investigations distinguished between post-mortem (84% of diag-
nostic samples) and ante-mortem (16% of diagnostic samples) cases, and gross examinations revealed
significant differences (P � 0.002) between ante-mortem, post-mortem and non-diagnostic samples. This
study highlights the need to optimize sampling protocols to increase the success of forensic studies. The
forensic investigations presented here may be applied to resolve humanewildlife conflicts involving not
only vultures but other endangered carnivores and contribute to humanewildlife coexistence in rural
areas by protecting the interests of both the livestock sector and endangered species.

© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Vultures are scavenger birds that are divided into two families:
Accipitridae (Old World vultures), which are located in Europe, Af-
rica and Asia, and Cathartidae (New World vultures), which are
located in America [1]. Of the 23 extant vulture species, nine are
critically endangered [2,3]. Global vulture populations started to
decline in the mid-19th century, mainly due to anthropogenic
causes [4], but have stabilized during the 21st century. Today vul-
tures are still persecuted due to ignorance, superstition and human
retaliation in response to alleged predation of domestic animals
[2e4]. As obligate scavengers, vultures subsist entirely on muscle,
viscera and bones from carcasses, as opposed to facultative scav-
engers, which gain most of their food through predation. Vultures
-Merino).

r Ltd. This is an open access article u
have overcome the spatial and temporal challenges of feeding on
carrion, an ephemeral and generally patchily distributed resource
[5e7]. For vultures, food availability depends on live prey abun-
dance and mortality. Changes in vulture abundance are believed to
be related to disease transmission patterns [6,7].

In 2002, the European Union (EU) implemented health policies
to prevent outbreaks of bovine spongiform encephalopathy
(EC1774/2002), dictating carcass destruction and indirectly
threatening the conservation of scavenger birds [8e10]. This was
the subject of a legal dilemma: destroying all carcasses (the main
food source for scavengers) versus strictly protecting scavenger
species. Subsequently, a consensus among scientists, conserva-
tionists and managers considered the natural feeding patterns of
scavengers, allowing farmers to leave livestock carcasses in scav-
enger feeding zones (CE 322/2003, CE 830/2005, CE 142/2011) [10].
Spain designated scavenger feeding areas and added additional
criteria through national and regional laws. The lack of consistent
scientific criteria at the national level has resulted in a shortage of
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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scavenger food in some areas, which may have altered the foraging
behaviours of scavengers, with detrimental socioeconomic and
ecological consequences [9,10].

The most relevant behavioural change is livestock predation by
griffon vultures (Gyps fulvus) in Spain and France [9]. As obligate
scavengers, vulture predation is regarded as an altered behaviour.
The cause is attributed to an ‘increase in the vulture population due
to the success of conservation campaigns […] and decreased
availability of carrion’ [9]. The devastating consequences of this
conflict for the European vulture population are discontent and
action against these birds by some affected farmers [4,9]. Misin-
formation disseminated through social media has magnified the
actual incidence of these depredations [4]. The growing suspicion
of livestock depredation by vultures in Spain has triggered the
commissioning of forensic investigations by the Spanish public
authorities with the aim of reliably distinguishing between scav-
enging and predation by vultures on livestock in order to (1)
compensate farmers for the economic losses in cases due to
confirmed depredation and (2) prevent human attacks on wildlife
populations. We anticipate that the results presented in this study
will contribute to the resolution of conflicts concerning suspected
predation of livestock and protect the interests of farmers and
endangered wildlife.

2. Materials and methods

2.1. Cases included and study area

Suspected cases of vulture predation on livestock (extensively
raised cattle, sheep and goats) over a 1-year period (June 2020 to
May 2021) in an autonomous region of Spain were included. The
studied region has a Mediterranean climate, with annual mean
temperatures ranging from 4�C in winter to 26�C in summer. Pre-
cipitation is 400e600 mm per year and humidity ranges from 37%
to 50%. The mean altitude is 696 metres.

2.2. Epidemiological and sampling data

Time of year, animal species, number of individuals affected, age,
sex and occurrence of a recent partum (peripartum) in adult ani-
mals were recorded in each case. The interval between farmer
suspicion of depredation by vultures and their notification to
environmental law enforcement agents was recorded. Sampling by
environmental law enforcement agents occurred within 24 h after
notification.

2.3. Gross pathology study

The two veterinary pathologists involved in this study trained
environmental law enforcement agents to follow the same protocol
for the photographic reporting of carcasses and the collection of
tissue samples for histological studies and ancillary tests. Photo-
graphs were taken of the environment.

The cadaver was photographed from a minimum of four
different angles, to include the externally visible mucosae (oral,
nasal, conjunctival, anal and genital), suspected external lesions
and internal organs if present. Veterinary pathologists analysed the
gross images recording the anatomical locations affected (head,
thorax, abdominal-pelvic area and limbs). The samples collected for
histological studies comprised intact skin, suspected external le-
sions (including skin and appendages, subcutaneous tissue and
associated glands, and skeletal muscle) and internal organs if
available. When it was possible to refrigerate or freeze the samples,
a swabwas taken from areas of suspected lesions and liver and lung
if present in the carcass.
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2.4. Histological study

Tissue samples collected were fixed in formalin and subjected to
standard histological processing. Slides were automatically stained
with haematoxylin and eosin (HE). Histological examination clas-
sified samples as ante mortem, post mortem or undetermined. Cases
classified as ante mortem had evidence of haemorrhage, necrosis or
acute inflammation in the samples collected from grossly observed
external lesions. Cases in which histological specimens of grossly
suspicious lesions had no evidence of such changes were classified
as post mortem. Undetermined cases were classified as such if
autolysis and putrefaction precluded histological evaluation or if
samples from grossly observed external lesions were not collected
for histological examination.

2.5. Statistical analysis

The presence of lesions in samples between anatomical loca-
tions (head, abdomen and pelvis, thorax and limbs) was compared
using a KruskaleWallis test followed by a HolmeBonferroni post-
hoc test. Differences between time intervals across groups (diag-
nostic and non-diagnostic [autolytic] samples) and subgroups (ante
mortem, post mortem or undetermined samples) were determined
using a one-way ANOVA test.

3. Results

3.1. Epidemiology

A total of 41 suspected depredations by vultures occurred,most of
them in the autumn (n¼ 15, 36.6%; September, n¼ 0; October, n¼ 5;
November, n ¼ 10) and winter (n ¼ 15, 36.6%; December, n ¼ 6;
January, n ¼ 8; February n ¼ 1), while a few occurred in the spring
(n ¼ 9, 22.0%; March, n ¼ 3; April, n ¼ 1; May, n ¼ 5) and summer
(n ¼ 2, 4.8%; June, n ¼ 1; July, n ¼ 1; August, n ¼ 0) (Supplementary
Table 1).

Suspected depredation events involved from one to four ani-
mals, and altogether 58 animals were affected. Species suspected
of being depredated by vultures included cattle (n ¼ 44, 75.9%),
sheep (n ¼ 13, 22.4%) and a goat (n ¼ 1, 1.7%) (Supplementary
Table 1).

The cattle affected were mainly calves (33/44, 75.0%) but also
some adults (11/44, 25.0%). The adults were all female; eight ranged
from 3 to 13 years (mean: 6 years) and three were of unknown age.
The calves affected were neonates (<1 day old, 12/33, 36.4%), 1 day
old (2/33, 6.0%), 2 days old (2/33, 6.0%), 6 days old (1, 3.0%) or 7 days
old (1, 3.0%) with the others (15/33, 45.6%) ranging from 13 to 82
days of age (mean: 30 days) (Supplementary Table 1).

The affected sheep were adults (7/13, 53.8%) and lambs (6/13,
46.2%). The adults were all female; three ranged from 3 to 4 years
(mean: 4 years) and four were of unknown age. The lambs affected
were neonates (<1dayold), 2 days old or 4 days old (2/6 each, 33.3%).
The affected goat was a 2-day-old kid (n ¼ 1) (Supplementary
Table 1).

The occurrence of a recent parturition (peripartum period; ie,
less than 48 h after delivery) was recorded in 56% of suspected
depredation events in all three species (23/41). Of these, one was a
late-term pregnancy (1/23, 4.4%; case no. 41), one was a delivery
associated with death of the cow (calf alive) (1/23, 4.4%; case no.
40), onewas an abortion (1/23, 4.4%; case no. 4), onewas a stillbirth
(1/23, 4.4%; case no. 38), threewere dystocias (3/23,13.0%; cases no.
6, 33 and 39), six were post-natal deaths of the calf or lamb (6/23,
26.0%) and 10 were peripartum incidents not otherwise specified
(10/23, 43.4%), of which seven involved the death of the dam and
the offspring (cases no. 1, 5, 8, 9, 20, 24 and 35) and three involved
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solely the offspring (cases no. 10, 19 and 34). In the other cases (18/
41, 44%) it was not known if death had occurred during the peri-
partum period (not registered by environmental law enforcement
agents) (Supplementary Table 1).

3.2. Gross findings

The distribution of affected anatomical areas in cattle varied be-
tween adults and calves. Adults (n ¼ 11) showed patterns of vulture
feeding mainly in the abdominal/pelvic areas (11/11, 100%) affecting
the perineum, ventral abdomen and internal organs (Fig. 1a and b).
The head was also affected (5/11, 45.5%), involving mainly the eyes,
tongue and oral mucosa. The thoracic area (2/11, 18.2%) and limbs (2/
11, 18.2%) were less frequently affected and had variable degrees of
skeletalization with occasional absence of thoracic organs. In calves
(n¼33) theabdominal/pelvic regions (29/33,88%), head (28/33,85%),
limbs (25/33, 76%) and thorax (21/33, 64%)were affected. Therewas a
higher frequency of skeletalization in calves compared with adults
(Fig. 1c and d; Supplementary Table 1).

In adult sheep cases (n ¼ 7) the abdominal/pelvic regions were
mainlyaffected (7/7,100%), followedby thehead (6/7, 86%), thoracic (5/
7, 71%) and appendicular (3/7, 43%) areas. The head (6/6, 100%) was
affected in all lambs (n ¼ 6), followed by the abdomen/pelvis (5/6,
83%), thorax (4/6, 67%) and limbs (4/6, 67%) (Fig. 1e and f;
SupplementaryTable 1). In the single goat kid in the study (n¼ 1), both
the abdominal/pelvic and head regionswere affected (Supplementary
Table 1).

3.3. Histological findings

Tissue samples for histological investigations were collected
from all cases included in the study. Cutaneous and subcutaneous
samples (comprising associated glands such as mammary glands or
salivary glands) and muscle from affected regions were submitted
in 39/41 cases (95%) (Supplementary Table 1). In three of these
cases, various other organs were submitted together with skin
samples and the following changes were seen: lymph node
(follicular hyperplasia) in case no. 12 (calf); heart (moderate,
chronic, lymphocytic and eosinophilic, perivascular, myocarditis
and epicarditis with valvular haemorrhages) in case no. 14 (calf);
and lung (desquamative alveolitis and alveolar emphysema), heart
and bone marrow in case no. 17 (calf). In two cases (2/41, 5%; cases
no. 22 and 24), internal organ samples (lung, spleen, abomasum)
were collected but not skin samples. In case no. 22, the lung had
lesions of chronic lymphoplasmacytic interstitial pneumonia, with
meconium aspiration. The other organs of cases 22 and 24 did not
have any relevant histological changes. These two cases were
categorized as undetermined in the reports due to the impossibility
of determining the ante-mortem or post-mortem condition of the
affected skin regions. Ante-mortem lesions were identified in 4/39
cases (10%; cases no. 3, 38, 39 and 41) (Supplementary Table 1). Of
the diagnostic cases (ie, those with non-autolytic skin samples), 4/
25 (16.0%) were classified as ante mortem. In all cases, there were
extensive haemorrhages in the skin and subcutaneous tissue char-
acterized by diffuse separation of the dermal collagen fibres and
expansion of the interstitium in the subcutaneous adipose tissue
due to massive extravasation of erythrocytes (Fig. 2a). These hae-
morrhages also affected adnexal structures including hair follicles,
sebaceous glands, sweat glands and salivary glands in perioral le-
sions of case no. 3 (kid). In case no. 39 (cow, dystocia), there were
haemorrhages in both the acini and interstitium of the mammary
gland (Fig. 2b), deposition of a disorganized fibrillar hyper-
eosinophilic material (fibrin) andmild neutrophilic infiltration. In all
cases the superficial skin regions had a multifocal to diffuse, partial
(erosion) or complete (ulceration) loss of the epidermis (Fig. 2c).
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Furthermore, in cases no. 38 (cow, stillbirth) and 41 (sheep, late-
term pregnancy), in the skeletal muscle underlying affected re-
gions of skin and subcutaneous tissue, fibres were multifocally
swollen and hypereosinophilic, with loss of transverse striations of
the sarcoplasm and karyorrhexis (Fig. 2d). The skeletal muscle
interstitium was multifocally expanded by abundant extravasated
erythrocytes (haemorrhage) and occasional scattered neutrophils
and macrophages were observed.

Of the skin samples submitted, in 21/39 (54%) the changes seen
were categorized as having occurred post mortem due to the lack of
acute lesions or presence of non-severe, chronic, non-specific le-
sions (Supplementary Table 1). Of the diagnostic cases (ie, those
with non-autolytic skin samples), 21/25 (84.0%) were classified as
having occurred post mortem.

In 14/39 samples (36%), autolysis and putrefaction processes
prevented appropriate histological assessment, and these were
categorized as undetermined (Supplementary Table 1).

3.4. Relationship between gross and histological diagnoses

Cases classified as ante mortem commonly had involvement of
the abdominal/pelvic areas (3/4, 75.0%) and head (3/4, 75.0%), fol-
lowed by the limbs (2/4, 50.0%) and thorax (1/4, 25.0%). Post-
mortem cases involved the abdominal/pelvic areas (20/21, 95.2%),
head (15/21, 71.4%), thorax (13/21, 61.9%) and limbs (11/21, 52.4%).
Cases in which histological examination revealed autolysis and
putrefaction had a grossly affected abdomen/pelvis (14/14, 100%),
followed by the head (11/14, 78.6%), limbs (11/14, 78.6%) and thorax
(9/14, 64.3%) (Fig. 3, Supplementary Table 1). The presence of le-
sions between anatomical locations was significantly different
(P �0.002). Post-hoc analysis revealed that these differences were
based on the greater involvement of the abdominal and pelvic areas
compared with the other anatomical locations. The relationship
between gross and histological diagnoses could not be determined
for the two cases for which skin samples were not available.

3.5. Suspected depredationenotification interval analysis

The suspected depredationenotification intervals recorded
for diagnostic (ante-mortem and post-mortem) and autolytic
samples were significantly different (P ¼ 0.03). They ranged from
0 to 240 h (mean: 24 h; median: 14 h) and, as expected, samples
that had undergone autolysis and putrefaction had a higher
depredationenotification interval (mean: 46 h; median: 21 h) than
those in which a reliable histological analysis was made (mean:
12.2 h; median: 8 h) (Supplementary Table 1). On the other hand,
no statistically significant differences were observed across sub-
groups, although samples classified as having occurred ante mortem
had reduced depredationenotification intervals (mean: 6 h; me-
dian: 5 h) compared with post-mortem (mean: 13 h; median: 9 h)
and autolytic samples (mean: 46 h; median: 21 h) (Fig. 4).

4. Discussion

The improvement of human and wildlife coexistence in rural
areas should equally consider livestock sector interests and en-
dangered species. In the EU, coexistence is achieved through con-
flict prevention and compensation programmes that aim to
mitigate the economic losses of farmers [11]. The first steps to a
successful compensation programme are, inter alia, quick and ac-
curate verification of the damage and prompt and fair payments
(retrospectively) [12]. Thus, studies focusing on the scientific as-
pects of human and wildlife conflicts are the basis of successful
compensation programmes. These investigations are essential for
veterinarians to diagnose those cases accurately (verification of the



Fig. 1. Suspected vulture attacks on livestock. (a) Case 39. Ante mortem. Cow and calf death due to dystocia. Vulvar haemorrhages and partial consumption of calf. (b) Case 38. Ante
mortem. Vulva of cow has multifocal areas of dermal and mucosal ulceration, and haemorrhage. (c) Case 37. Post mortem. One-day-old calf with partial scavenging of abdominal and
pelvic areas. (d) Case 32. Post mortem. Two-day-old calf with partial scavenging of facial region including ears, eyes, rostral nose and mouth. (e) Case 20. Autolysis and putrefaction.
Scavenged sheep almost totally skeletonized. (f) Case 24. Undetermined. Lamb with absence of rostral tongue.
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damage), thus providing appropriate assistance to the environ-
mental law enforcement agents and public administrations.

From a veterinary forensic perspective, the scavenging pattern
of vultures is unexplored. Indeed, available information has been
25
extrapolated from a few regional studies using pig or human car-
casses as models to study vulture feeding on human remains
[13e16]. Vultures have a specialized beak consisting of a cutting
edge and a curved tip that tear fibres from bones efficiently [17].



Fig. 2. Ante-mortem vulture attacks on livestock. (a) Case 41. Sheep. Extensive haemorrhages in subcutaneous tissue. (b) Case 39. Cow. Multifocal haemorrhages in mammary gland.
(c) Case 3. Two-day-old kid. Epidermal ulceration and multifocal to coalescing haemorrhages in dermis and cutaneous adnexa. (d) Case 38. Cow. Muscle necrosis and haemorrhage
in perineal tissue. All HE. Bar, 200 mm.
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Vulture feeding begins in easily accessible body areas (mouth, eyes
and anus) and continues through the abdomen (skin, muscles,
viscera, tendons and bones) [17]. In this study, the feeding pattern
observed was compatible in all cases but there were differences
between the carcasses of young and adult animals. The abdominal
and pelvic areas were consumed to a greater degree than other
anatomical regions in adult carcasses, suggesting that vulture
feeding begins in the perineal area. In contrast, in calves and lambs
there was a more heterogeneous feeding pattern affecting not only
the abdominal and pelvic cavities but also the head and limbs in
>75% of cases. This pattern may be explained by the reduced size of
calf and lamb carcasses, which decreases the time needed to
consume all the internal tissues. These results facilitate differenti-
ation of the feeding patterns of vultures from those of other wildlife
that may potentially be involved in livestock deaths. With regard to
the relationship between the gross pattern and histological diag-
nosis, a higher proportion of affected anatomical areas was
observed in the undetermined cases compared with the ante-
mortem and post-mortem cases, suggesting a delay in sampling
and a longer time for carcass consumption by the vultures.

Necropsy is invaluable for determining the cause and manner of
death and provides relevant information to implement appropriate
sanitary management of herds and flocks [18]. In this investigation,
26
sampling was performed in the field by environmental law
enforcement agents as they are the professionals in charge of the
examination of the scene in Spain. Furthermore, the remote location
of the carcasses and limited economic resources for these in-
vestigations made submission of these cases for necropsy unfeasi-
ble. Accepting these limitations, whenever possible, performing the
most complete necropsy possible in suspected cases of livestock
depredation by vultures is recommended. Post-mortem examina-
tion, including photographic documentation and sampling, should
be performed by veterinarians. One of the major limitations of field
diagnosis in these cases is rapid carcass consumption by scavengers.
For this reason, tissue sampling for further histological interpreta-
tion by veterinary forensic pathologists should include several
representative samples of skin from suspected lesions and non-
affected areas, as well as internal organs if available. Sampling for
eventual bacteriological and molecular studies is highly recom-
mended [18] but is hampered by sample preservation if the event
occurs in remote locations (data not shown). However, integration
of these diagnostic techniques can serve to exclude serious debili-
tating diseases or life-threatening conditions in livestock suspected
to have been depredated by vultures.

Somatic death is the cessation of cardiac and respiratory func-
tion that precedes cellular death [19]. After death, there is



Fig. 3. Percentage of anatomical regions affected in ante-mortem, post-mortem and non-diagnostic subgroups.

A. Rebollada-Merino, A. G�omez-Buendía, L. Domínguez et al. Journal of Comparative Pathology 209 (2024) 22e30
termination of haemodynamic processes, systemic inflammatory
response and tissue repair. From a forensic perspective, histology is
the gold standard technique for excluding or confirming vital re-
actions because ante-mortem insults induce tissue response by
means of haemodynamic and/or inflammatory changes [20]. For
field forensic investigations, histology has many logistical advan-
tages. The main one is that formalin-fixed samples do not require
special temperature conditions until submission, thus preserving
tissue degradation, which is useful if sampling takes place in
remote geographical areas [18]. Histological processing is also
inexpensive compared with molecular techniques. However, his-
tological interpretation requires trained and experienced veteri-
nary pathologists [20]. Molecular-based assays based on predator
salivary deoxyribonucleic acid (DNA) identification in carcasses
have been used in the context of livestock depredation bywolves or
dogs [21,22]. However, for forensic investigations involving scav-
engers, these methods do not distinguish between predation and
scavenging, as scavenger DNA would be expected to be found in
carcasses because of their normal feeding behaviour [21].

Some authors have demanded studies on the reliability, fre-
quency and context of suspected vulture predation on livestock [4].
In our study, the ante-mortem nature of lesions was demonstrated
by histology in 16% of diagnostic cases. Most diagnostic samples
were determined to represent post-mortem cases, as reported by
others [23,24]. A predatory role of American black vultures (Coragyps
atratus) on domestic cattle, pig and sheep neonates has been re-
ported [25e29] but those studies lacked histological confirmation.
Such vulture behaviour was attributed to an attempt to obtain food
27
from the placenta during delivery with no intention of harming the
neonate, but fatal injuries in a percentage of cases have been
described [26,27]. In our study, all four cases classified histologically
as ante mortem involved the peripartum period, suggesting that
these events occurred in animals that had problems during partu-
rition. Occasional predation of young and weak individuals by
American black vultures in North America or white-headed vultures
(Trigonoceps occipitalis) in South Africa has been described but the
association with the peripartum period or poor sanitary conditions
has not been addressed [30e32]. Our results confirm the suspicion of
livestock depredation by vultures in the Iberian Peninsula [9] and
support the need to develop or maintain compensation programmes
in affected areas to prevent conflicts between humans and wildlife.

The preliminary results presented here assessed the incidence
of livestock depredation by vultures in an autonomous region in
central Spain over 1 year. Future broader studies employing this
methodology should be performed in other Spanish regions as well
as other countries to obtain a broader view of the magnitude of
these events. The proportion of cases classified as ante mortem in
our investigation may be an underestimate as evaluation of more
than a third of the samples was hindered by autolysis and putre-
faction processes. The suspected depredationenotification interval
was significantly higher for autolytic samples compared with
diagnostic samples (classified as having occurred ante mortem or
post mortem). This factor is exclusively dependent on the suspected
depredationenotification interval as communicated by farmers.
Delay in notification not only promotes autolysis and putrefaction
in uncontrolled environmental conditions but also favours skeletal



Fig. 4. Differences between subgroups according to the interval between attack and notification of incident. Boxes indicate interquartile range, horizontal bars within boxes indicate
median values, and top and bottom of boxes indicate 75th and 25th percentiles, respectively. Whiskers denote 97.5th and 2.5th percentiles. Dots represent individual cases.
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reduction of the carcass and, therefore, absence of available sam-
ples, since vultures are able to skeletonize a carcass within minutes
post mortem [33]. Therefore, farmers must be made aware of the
importance of promptly notifying these alleged depredations and,
if possible, preserving the scene (covering the carcass with plastic
prevents scavenging by vultures) because success of the subse-
quent investigation is largely dependent on prompt notification.

Cattle were involved in more suspected depredations than small
ruminants. However, as the economic value of cattle is higher than
small ruminants, overreporting for high value species is to be ex-
pected. Similarly, all the adult animals here were female and of high
value due to their role in reproduction. More than a half of the
suspected depredations occurred during the peripartum period. The
peripartum period is known to be life-threatening in both domestic
ruminant females and neonates [34]. In adult ruminants, several
metabolic (pregnancy toxaemia, ruminal acidosis, hypocalcaemia)
and reproductive (eg, uterine prolapse, rectal prolapse, metritis,
dystocia, mastitis) problems can lead to death [34]. Predation bywild
animals during the peripartumperiod has been described among the
causes of periparturient deaths in sheep [34] as found in our study.

In this investigation, suspected depredations involved a signif-
icant number of calves, lambs and goat kids. In-utero infections are
major causes of full-term losses in domestic ruminants and several
infectious agents can be involved in abortions, stillbirths and
neonatal mortality [35e40]. We had intended to investigate the
role of abortive agents in this study but could not do so due to the
following limitations: (1) the zoonotic potential of some abortive
agents would have constituted a health risk to the environmental
28
law enforcement agents (who have limited training in biosafety and
handling of potentially dangerous biological samples); (2) the
absence of target tissues for sampling due to carcass consumption
by scavengers [38]; and (3) field research in remote locations hin-
ders the preservation of biological samples for microbiological
analysis. Moreover, detection of abortive agents is challenging and
negative results do not exclude infection because autolysis and
putrefaction, contamination and inappropriate tissue sampling
techniques may hinder peripartum mortality investigation [38].
Our data also suggest the need to emphasize reproductive infec-
tious disease surveillance in extensively raised livestock in the
studied area in order to establish the sanitary status. A low sanitary
status of flocks or herds may interfere with the results of forensic
investigations as increased livestock mortality may be mis-
interpreted as depredations by wildlife.

Perinatal mortality (death within 48 h post partum) was a sig-
nificant finding in our study, as reported in beef calves [37,40e44].
This is considered a welfare indicator aside from the negative eco-
nomic consequences for farmers [38]. Important causes of death in
neonatal calves and young animals are diarrhoea, pneumonia,
congenital malformations and adverse environmental factors
[45e49]. In this investigation, most suspected depredations
occurred in the coldest months (SeptembereFebruary) and it is
known that peripartummortality in cattle and sheep is increased in
the winter months [34,42]. Furthermore, as calving at pasture is a
risk factor for perinatal mortality in extensively raised systems, pre-
and post-calving shelter is recommended to help improve super-
vision during and immediately after delivery [38,43,50,51]. Dystocia
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is a leading cause of death in neonatal calves, has a complex aeti-
ology [41,44] and not only may cause the death of calves during
delivery but can lead to increased neonatal morbidity due to inter-
ferencewith colostrum intake and consequent acquisition of passive
immunity [40,50]. In this investigation, dystocia and twin calving
were each recorded in 23.1% of cases. Twin calving is associatedwith
a higher risk of life-threatening reproductive problems (dystocia,
retained placenta, metritis, abortion, stillbirth and neonatal calf
mortality) and/or metabolic problems in ruminants [52].

5. Conclusion

Forensic field investigations of suspected domestic animal
depredation by wildlife are challenging and require a scrupulous
methodology and a multidisciplinary veterinary approach. Forensic
cases of suspected livestock depredation by vultures should ideally
include necropsy, histology and sampling for ancillary testing.
Intravital diagnosis of these cases should be complemented by
diagnosis of the final cause of death, given the involvement of the
peripartum period and neonates in many cases.
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