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ABSTRACT. Investigating the cause of animal death is helpful to understand the reasons behind 
the interactions and conflicts between humans and animals. To further develop the cause of 
death investigation, we report a case of a Chinese spot-billed duck (Anas zonorhyncha) which 
hatched from a rescued duck and died 10 days after release. We inspected the duck’s cause of 
death using an interview of concerned people, external body examination, necropsy, and genetic 
examinations. Based on the fractures, the main cause of death was determined to be a traffic 
accident. Furthermore, molecular tests helped to detect raccoon DNA in the visible bite wounds. 
This case shows that molecular biological method is one of the methods of clarify the animals’ 
cause of death.
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Conflict between humans and animals has been a global issue. There are some reports of injuries caused by both humans 
[19, 38] and domestic animals [22, 27] to the wildlife. In addition, smuggling [3, 5, 10, 17, 24, 32, 36, 37] and niche conflict 
with alien animals [8] are well known effects of humans on wildlife. The “One Health” approach aims to achieve optimal health 
outcomes by recognizing the interconnections between humans, domestic animals, wildlife, and their shared environment [13, 23]. 
However, unified procedures to investigate the causes of death in wildlife are not currently followed globally; therefore, further 
technological development and research is needed. The cause of animal death must be more broadly examined, regardless of the 
animal involved or whether the death was caused by animals, humans, or any other factors.

Forensic veterinary science is a field which employs scientific methods for systematic examination of the cause of death 
in animals [30]. It is usually performed in a consistent manner, involving an interview with whom it might concern about the 
condition of the animal and the environment in which it was found by the forensic veterinarian or human with specialized 
knowledge. After the interview, an external body examination (superficial) and a necropsy are performed, and if necessary, 
pathological (including histopathological), toxicological, and genetic examinations are additionally performed [28, 34]. Forensic 
veterinary science may provide ways to present valuable evidence in lawsuits, and contribute to the field of wildlife medicine [6]. 
Investigations on the causes of death through a series of systematic checks reveal almost all pertinent evidence [28]. Collecting 
and collating evidence on the cause of death in wildlife becomes challenging owing to the variation in the elapsed time from death 
to its discovery. This makes the primary cause of death in wildlife relatively unclear compared to that in companion animals. The 
potential causes of death include injuries caused by humans intentionally such as abuse, unintentionally caused injuries such as 
traffic accidents, environmental pollution [2], and attacks from imported wildlife or domestic animals [25]. Cooper [6] described 
an outline for the forensic veterinary examination of wildlife, but did not specify the findings related to cause of death, or the 
evaluation methods for investigation [7]. In Japan, the government conducted a study to find the cause of death in Okinawa rails 
(Gallirallus okinawae) using forensic examinations, and found that the cause of death was domestic cat (Felis catus) bite wounds 
[20]. However, there are few previous reports highlighting the methods to identify the attacking species from an injury site, in 
a cause of death investigation. In each investigation, to accurately verify the cause of death in wild animals, it is necessary to 
accumulate as many findings as possible. To achieve this and to contribute to the legal and veterinary medicine fields, this case 
study reports the results of our investigation into the cause of death of a Chinese spot-billed duck (Anas poecilorhyncha), using an 
interview, external body examination, necropsy, and genetic examination.

We conducted an interview of multiple rehabilitators in Shiga prefecture. Based on the answers from our interview, the deceased 
duckling hatched from a rehabilitated duck (mother duck) in a wildlife rescue center in Shiga prefecture. After hatching, the 
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duckling was reared by mother duck and the rehabilitators released it into the wild on August 25, 2018, when the duckling (duck) 
was 65 days old. The rehabilitators had recognized that the duck had no abnormal behavior. The duck was released at the shore of 
Lake Biwa in Takashima City, Shiga Prefecture, Japan (Lat. 35 N and long. 136 E). When the duck was released, an identification 
ring was attached to the duck’s tarsus. After release, the rehabilitators observed the duck in the neighboring area around the release 
site and did not report any abnormal behavior. On September 4, 2018 (10 days after the release), the duck was found dead on the 
roadside near the release site (Lat. 35 N and long. 136 E). Through the interview, it was determined that the area where the duck 
carcass was found had no high buildings (higher than two floors), and there were no blood stains on the road nearby. When the 
duck was discovered, its head was missing from the neck up. The surrounding area was searched, but the missing body part could 
not be found. Upon interviewing the rehabilitators, it was speculated that the raccoons (Procyon lotor) and domestic cats living in 
that area could have attacked the duck.

After the interview, the carcass was examined (Fig. 1). The carcass was transported at −20°C to Nippon Veterinary and Life 
Science University for inspection. First, an external body examination was performed. If the cause of a wound was difficult to 
determine, the wound size was measured and inspected to determine whether a genetic examination was necessary. During the 
external body examination, nutritional conditions were evaluated using the Keel Scoring Chart [35] and age of duck was evaluated 
using the tail and primary feathers. In the necropsy, sex was identified by observing the genitals of the duck carcass, and cause of 
death was listed based on any trauma or abnormalities in the internal organs of the carcass. A genetic examination was performed 
using the swabs collected from the surface of wounds. A negative control (NC) sample was also collected from a deep layer of the 
quadriceps femoris muscle. Deoxyribonucleic acid (DNA) was extracted from tissue of each wound using a kit (DNeasy Blood & 
Tissue kit™, Qiagen, Venlo, Netherlands). As a positive control (PC), a muscle sample from a domestic cat and a racoon which 
were previously obtained from each animal’s respective carcasses were used. In the area where the body was found, based on 
information from the interview, common duck predators were presumed to be domestic cats and raccoons. To identify the domestic 
cat and raccoon from the swab samples, the cytochrome b gene was targeted [9, 15, 29]. The primers used for DNA amplification 
(Table 1). All polymerase chain reactions (PCR) assays comprised <100 ng DNA, 1X GoTaq® colorless master mix (Promega, 
Madison, WI, USA), and 10 pM each primer. In the PCR protocol, after the pre-denaturation at 95°C for 3 min, denaturation step 
at 94°C for 2 min, an annealing steps at 55°C in raccoon and 48°C in domestic cat for 30 sec, and extension step of 30 sec at 75°C 
in total of 35 cycles, followed by a final extension of 7 min at 75°C. The target region was analyzed for its nucleotide sequence to 
identify the species it belonged to (samples were outsourced for analysis).

In the external body examination, the Keel Score of the duck carcass was one out of five, and therefore, it was classified as 
“severely emaciated”. There were signs of bite marks on the left-side of its chest (Fig. 2), belly (Fig. 3), and limb (Fig. 4), but we 
were unable to identify the animal species responsible for the bites. The feathers on the duck’s back had been plucked and its neck 
had been bluntly cut.

In the necropsy, the duck had undeveloped testes and was deemed to be a young male. Although there were no notable visceral 
findings, three ruptures were identified in the lungs, the left kidney, and in the small intestine. The sternum and pelvis had commind 

1173–1177, 2020

Fig. 1. The dead body of the duck. This carcass was a Chinese 
spot-billed duck (Anas poecilorhyncha). It was collected 
10 days after its release. The upper part from the neck was 
lost, and three bite wounds were found on the body surface 
(white arrows). White arrows indicate chest, belly, and limb 
bite wounds in order from the left. Swabs were collected for 
each bite point and neck wound, but the bite mark on the limb 
had already started decomposing; thus, a DNA test was not 
performed from it.

Fig. 2. Left chest (Chest). The wound is at the left chest (indi-
cated by a white arrow). The wound size was determined as: 
7.90 mm length, 5.30 mm width, and 6.95 mm depth.
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fractures and the left rib had an oblique fracture.
As the species that bit the duck could not be identified from the bite and wound marks, a genetic examination was performed 

using the swab collected from the bite sites and a neck wound. Swabs from the bite sites at chest, belly, and wound at neck, were 
tested to identify the species. The bite mark on the left limb had already started decomposing; therefore, a DNA test was not 
performed from it. PCR amplified products at the neck wound and chest swabs (Fig. 5) matched with that for raccoons; we did not 
detect any samples that matched those of domestic cats (Fig. 6). Upon sequencing the gene products thought to be from raccoons, 
they were identified to be from a raccoon species in Tanabe City, Wakayama Prefecture and in Tomakomai City, Hokkaido, with a 
95.55% concordance rate (GenBank accession numbers of: AB462048.1, AB462049.1).

In this case, the duck had severe fractures. Complex fractures in multiple locations are often seen in traffic accident victims, and 
in forensic veterinary science, the cause of death in bodies with these types of fractures is considered traffic accidents [10, 12, 40]. 
In bird traffic accidents, especially bird strikes with cars, birds often suffer from internal, and not external, damage; their bodies 
typically do not have injuries such as open wounds or blood congestion in their muscle or skin [14, 16]. Thus, in this case, the 
main cause of death was determined to be a traffic accident, and the involvement of the raccoon could occur after the duck’s death. 
In wildlife rescue cases, the most common cause of death is by a domestic cat [21]. If a bird is injured by a domestic cat, it is 
commonly scarred around its waist and neck [5]. In contrast, the duck’s neck in this case was missing, which could be associated 
with raccoons or foxes (Vulpes vulpes), whose body sizes and muscles are more developed than those of domestic cats [11]. 
However, the raccoons are also known to carry away parts of the body, such as the head [4, 31, 33, 39]. It is possible, based on our 
experience, that when they are not fasting (satiety), racoons carry a body part of a hunted animal to their burrow. The duck’s body 
condition might have been a problem with rehabilitation until the duck release. One of the subjects in forensic veterinary science is 
the verification of animal abuse [2, 11]; animal abuse includes domestic animals and wildlife [18].

Verification of animal abuse also contributes to the sanity of human societies, as animal abuse closely links to the occurrence of 
crime and domestic violence [1]. Therefore, it is necessary to further spread forensic veterinary science in Japan. Human forensic 
laboratories organize knowledge about cause of death and conduct specific analysis such as genetic tests [18, 20, 26], however 
there are few reports performing these tests in wild animal [17]. The cause is suggested that a forensic veterinary science needs to 
be used in combination with various disciplines such as anatomy, pathology, ecology, behavioral science, and physiology.
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Table 1. Nucleotide sequence of primers

Cytochrome b of mitochondria (for raccoons)
Forward 5′- CCATCAGCACCCAAAGCT -3′
Reverse 5′- CGCTTAAACTTATGTCCTGTAACC -3′
Cytochrome b of mitochondria (for domestic cats)
Forward 5′- CAATGGTCACAGGACATATAC -3′
Reverse 5′- GGTTTGGCAAGACATAAATAG -3′

The target regions of each species were amplified using a pair of gene specific primer.

Fig. 3. Left abdomen (Belly). The wound present at the left 
abdomen (indicated by a white arrow). The wound size was 
determined as: 12.0 mm length, 6.20 mm width, and 9.30 mm 
depth.

Fig. 4. Left thigh side (Limb). The wound present in the left 
thigh (indicated by a white arrow). The wound size was de-
termined as: 5.20 mm length, 3.60 mm width, 5.80 mm depth. 
The wound looked corrupt because the tissue color was green-
ish and melting.



N. USHINE ET AL.

1176J. Vet. Med. Sci. 82(8):

This study determined the cause of death in a rescued duck. In this case, the main cause of death was determined to be a traffic 
accident (unintentional human accident), but concomitantly, this case also highlighted the spread of alien species and the niche 
conflict with alien animals in Japan. Therefore, forensic veterinary science may not only be used to determine the cause of death 
in an individual, but also to obtain valuable knowledge on the environment and ecosystem surrounding the individual. In order to 
achieve the aims of the “One Health” approach, it is necessary to accumulate such findings on the causes of death in animals, using 
a versatile and systematic inspection protocol, such as the one used in this study.
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