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Abstract

To determine the reasons for presentation and outcome of wildlife cases in East Tennessee, a retrospective analysis was
performed using 14,303 records from cases presented to the wildlife clinic of the University of Tennessee Veterinary
Teaching Hospital between 2000 and 2011. The cases were first categorized into amphibian/non-avian reptile, mammal, or
avian and then classified into groups based on the primary admitting/presenting sign. There are a variety of reasons animals
were presented to the clinic, and some were directly or indirectly anthropogenic in origin, including cat related, dog related,
hit by automobile, and other human encounters leading to trauma; of the cases reviewed, 4,443 (31.1%) presented for one
of these 4 reasons. Overall case fatality risk in regard to these 4 admitting/presenting signs was 0.519 for the amphibian/
non-avian reptile cases, 0.675 for mammal cases, and 0.687 for avian cases. This study confirms the importance of
monitoring wildlife morbidity and mortality and of focusing efforts to reduce the anthropogenic threat on native habitats
and resident wildlife populations.
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Introduction

Around the world, wildlife species and the ecosystems they

inhabit are evolving and shifting in an attempt to adapt to human

influences and environmental change. The factors dictating these

changes are diverse and numerous, making it difficult to separate

the effect each has on species survivorship. Increased morbidity

and mortality of wildlife can be attributed to a variety of factors,

and many of these are related to human activities such as land

development and usage, predation by domestic pets, and

automobile traffic [1–4].

As the urbanization of areas with native wildlife continues to

increase, numerous pressures are exerted on the natural structures

of those habitats. For example, infringing development may not

only increase exposure between wildlife species, domestic animals,

and invasive species, but may also increase the exposure of wild

animals to novel pathogens, leading to what Daszak et al. call

‘‘pathogen pollution’’ [1]. Clearing and isolating habitats through

the development of high-traffic roadways can increase roadside

automobile-related mortalities, noise, environmental pollution,

and disturbance stress on the surrounding wildlife [5]. The

construction of other infrastructure can change temperature

variations as well as the flow of water runoff thereby increasing

flooding and further deteriorating the habitable environment [6–

8]. The establishment of neighborhoods and housing communities

will likely also increase the number of domestic animals in the

area, which provides an unnatural predator stress and possibly

novel infectious agents on nearby native species.

Regardless of whether these increasing threats to wildlife

originate directly or indirectly from anthropogenic effects, or as

a result of disease spread, it is important to understand the extent

of their impact. One study found that trauma and infection were

the main reasons eastern box turtles were presented to a wildlife

clinic [9]. Similar studies were conducted to investigate reasons

wild raptors and reptiles were admitted to wildlife rehabilitation

centers, and both studies found evidence of anthropogenic origins

of trauma [10,11]. The purpose of this study was to investigate the

reasons wildlife were presented to a veterinary medical center to

determine the greatest anthropogenic causes of morbidity and

mortality.

Methods

There were 14,943 records reviewed from wildlife cases that

presented to the University of Tennessee Veterinary Teaching

Hospital between January 2000 and November 2011. 640 cases

were omitted; these included cases in which ‘‘Dead on Arrival’’ or

‘‘Euthanasia’’ were the only details given for the reason for

presentation as well as rechecks and cases in which there was

insufficient data for categorization. The 14,303 records remaining

included species or species group (‘‘songbird’’ being the most

detailed animal group indicated on many avian records), and these

species or species groups were classified according to type of

animal (amphibian/non-avian reptile, mammal, or avian). The

cases in which cat related, dog related, hit by automobile, or

human-induced traumatic incidents were mentioned in the

primary admitting/presenting sign (A/PS) were separated out
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and analyzed. These signs were derived from information

provided by the person admitting the animal and do not represent

a final diagnoses made by the clinician, but they do provide

detailed information about the patient’s condition and the most

likely origin of injury.

The A/PSs were grouped as follows: Human-induced trauma

cases included those which mentioned gunshot, fence entrapment,

fishing line or hook injury, lawn mower or weed eater encounter,

and trapped as a non-target species cases. Cat related, dog related,

and automobile related cases were separated out as well in order to

show their frequency. Any time ‘‘hit by car’’ or ‘‘found in road’’

was indicated, the animal was placed in the hit by automobile

category. Cat and dog related cases were categorized accordingly

and included explanations such as ‘‘attacked by dog’’, ‘‘found in

cats mouth’’, and ‘‘killed by cat.’’ The number of cases in each

category was determined, and the outcomes (alive, dead on arrival

[DOA], died, or euthanized) were recorded. Animals classified as

‘‘alive’’ were either released directly by hospital personnel or

transferred to a rehabilitation facility; only cases determined to

have a good or excellent prognosis for release were transferred to a

rehabilitation facility. The placement of non-releasable animals

from the veterinary teaching hospital into education facilities is

extremely rare.

Results

Of the 14,303 cases evaluated, 4,333 (31.1%) were classified as

presenting for one of the 4 major A/PSs evaluated; case

frequencies ranged from 12 to 1,115 within the animal groups,

and the case fatality risk ranged from 0.316 to 0.836 (Table 1).

Overall case fatality risk in regards to these 4 focus A/PSs was

0.519 for the amphibian/non-avian reptile cases, 0.675 for

mammal cases, and 0.687 for avian cases. Hit by automobile

cases had the highest fatality risk (0.715), followed by cat-related

injury cases (0.675), human-induced trauma cases (0.603), and

dog-related cases (0.600) across all animal groups. Although cat-

related cases had the highest percent of natural deaths following

presentation to the clinic, hit by automobile cases had the highest

percent of cases with successive euthanasia (Table 1).

Discussion

Wildlife species are continually being presented to veterinary

clinics and rehabilitation centers throughout the United States,

and it is important to determine the reasons in order to monitor

the changing health status of the surrounding ecosystem [10],

decrease the anthropogenic effect of habitat fragmentation and

pathogen pollution ([2,12–14], and investigate preemptive strat-

egies for reducing the number of wildlife casualties. This large

dataset provides a sample to explore causal trends for presentation

and sheds light on some of the major anthropogenic threats to

wildlife health. This study does not attempt to explain the origin or

cause of all reasons for presentation, but rather focuses on human

related causes of presentation.

Approximately 1/3 of the cases examined were presented to the

hospital because of either direct or indirect anthropogenic reasons.

Direct interactions with humans (human induced trauma and hit

by automobile categories) were less common than indirect

interactions (dog and cat categories) in this population, but still

made up 11% of the total cases. Pathogen pollution, noise

pollution, and environmental pollution have also been shown to

lead to wildlife morbidity and mortality [1,15–17], but this study

provides an additional explanation that ‘‘predator pollution,’’ by

means of introducing domestic cats and dogs to wildlife areas, may

also be having a profound and damaging effect. Of all cases

presented, approximately 20% were due to interactions with

domestic pets, specifically cats (14% of all cases) and dogs (6% of

all cases). By narrowing the interface between wild and urbanized

areas, it is likely that human-wild animal encounters, whether

direct or indirect, will increase, and based on the results of this

study, these encounters frequently result in the detriment of the

wild animals.

The data provided in this study does not investigate or provide

evidence for the role of environmental pollution, pesticide use, or

other forms of habitat disruption, but it does lend itself to the

Table 1. Case outcomes and case fatality risks (CFR) for human-induced trauma, cat related, dog related, and hit by automobile
cases for amphibian/non-avian reptile, mammal, and avian animals presented to a wildlife clinic in East Tennessee.

n (% of cases) ALIVE (%) DOA (%) DIED (%) EUTHAN (%) CFR

AMPHIBIAN/NON-AVIAN REPTILE 397 192 3 32 171 0.519

1. Human-Induced Trauma 60 (15.1) 41 (68.3) 0 (0.0) 3 (5.0) 16 (26.7) 0.316

2. Cat Related 12 (1.5) 8 (66.7) 0 (0.0) 1 (8.3) 3 (25.0) 0.333

3. Dog Related 50 (6.1) 31 (62.0) 0 (0.0) 3 (6.0) 17 (32.0) 0.380

4. Hit by Automobile 275 (33.3) 112 (40.7) 3 (1.1) 25 (9.1) 135 (49.1) 0.593

MAMMAL 2318 754 36 263 1265 0.675

1. Human-Induced Trauma 111 (4.8) 32 (28.8) 2 (1.8) 13 (11.7) 64 (57.7) 0.712

2. Cat Related 1115 (19.4) 388 (34.8) 9 (0.8) 166 (14.9) 552 (49.5) 0.652

3. Dog Related 597 (10.4) 253 (42.4) 13 (2.2) 52 (8.7) 279 (46.7) 0.576

4. Hit by Automobile 495 (8.6) 81 (16.4) 12 (2.4) 32 (6.5) 370 (74.7) 0.836

AVIAN 1738 544 23 299 872 0.687

1. Human-Induced Trauma 202 (11.6) 75 (37.1) 0 (0.0) 27 (13.4) 100 (49.5) 0.629

2. Cat Related 809 (10.5) 232 (28.7) 9 (1.1) 168 (20.8) 400 (49.4) 0.713

3. Dog Related 244 (3.2) 73 (29.9) 3 (1.2) 39 (16.0) 129 (52.9) 0.701

4. Hit by Automobile 483 (6.3) 164 (34.0) 11 (2.3) 65 (13.5) 243 (50.3) 0.660

doi:10.1371/journal.pone.0093517.t001
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needed discussion about the many factors contributing to the

morbidity and mortality of native wildlife species. In order to

establish long-term conservation, a variety of initiatives including

responsible pet ownership and habitat modification should be

considered.

Community and veterinary-client education about the impor-

tance, as it relates to wildlife, of keeping domestic cats indoors and

preventing domestic dogs from roaming outside unsupervised

could lead to a reduction in the number of animals presented to

wildlife facilities based on the findings of this study [18]. Although

pets other than dogs and cats were not identified as reasons for

presentation in this study, exotic, invasive species can lead to

wildlife morbidity and mortality in other regions. Providing

educational materials to owners about the proper care of their

exotic pets may decrease those introduced to the wild by

intentional abandonment and therefore reduce interactions with

native wildlife [19].

Increasing canopy coverage and the shrub layer along urban

parks and greenways has been suggested to increase crucial habitat

areas for certain avian species and protect them from the negative

pressures of urbanized areas [20]. In addition, evidence supports

certain habitat defragmentation projects, such as linear patches

and biological corridors, as successful in increasing migratory

ranges and establishing connectivity between wildlife [5,21,22].

On a smaller scale, establishing larger wildlife-friendly areas by

arranging neighborhood gardens adjacent to each other has also

been proposed as a means to increase wildlife habitat in urbanized

areas [23]. By removing invasive predators, focusing efforts on the

conservation of native habitats, and affording a level of protection

along developed and undeveloped transition zones, the numbers of

animals affected by direct and indirect interactions with humans

might be decreased, therefore leading to decreased morbidity and

mortality.

Conclusion

This study examined the causes for wildlife submission to a

wildlife clinic to understand the patterns and trends of human

related reasons for presentation. Through this and other studies, it

is apparent that anthropogenic factors, including land develop-

ment, as well as direct interactions with humans, automobiles, and

invasive predators are important causes of wildlife morbidity and

mortality [3,4,12,14]. Because final diagnosis was assumed from

the A/PS in our study and because some signs lacked explanatory

detail, additional studies reviewing comprehensive patient records,

as well as detailed clinician diagnoses, may provide stronger

evidence supporting patterns for wildlife presentation to veterinary

clinics and rehabilitation centers. It is also important to understand

that many of these cases were submitted by ‘‘Good Samaritans’’

and this may present a bias in the case data. The animals brought

to the clinic were likely found in easily accessible, populated areas,

and this may lead to a misrepresentation of the causes of morbidity

and mortality in less-developed areas. In addition to defragment-

ing habitats and establishing biological corridors, it is important to

remove invasive species and contain domestic animals in order to

decrease the predatory stress they impose. Through agendas like

these and a more mindful approach to land development

planning, the anthropogenic threat to wildlife species might be

minimized.
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