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The Patient’s Perspective

When I started attending 
IWRC conferences, exactly 
20 years ago,  I was interested 

in the differences between how wildlife 
rehabilitation was perceived in the U.K. 
and the U.S. In the U.S., it seemed to me 
that the focus was on the role of wildlife 
rehabilitation in wildlife conservation. I 
heard very few mentions of animal welfare. 
This was of interest to me because I work 
for an organization that rehabilitates over 
15,000 wild animals a year (and rescues 
many more), all in the name of animal 
welfare. Roll forward 20 years and the situ-
ation has changed dramatically: the latest 
edition of the Standards for Wildlife Reha-
bilitation (formerly Minimum Standards) 
focuses on welfare, and the 2nd edition 
of Comprehensive includes a chapter on 
animal welfare.

Some may think that conservation and 
animal welfare are easy bedfellows, but 
this is not always the case. Conservation 
has historically been more concerned with 
populations of animals, so methods may 
be used that may harm individuals of one 
species to protect another. This is changing. 
Initiatives like Compassionate Conserva-
tion recognise the need to understand how 
individuals function within a population 
to best conserve that population—how 
individual traits can impact an individual’s 
ability to survive, breed, or find new terri-
tories—important attributes for an animal 
we want to survive in the wild.

Wildlife rehabilitators receive individu-
als that need specialist care if they are to 
be rehabilitated successfully and released 
to integrate into the wild population. 
This process requires an understanding of 
an animal’s welfare to assess its progress 
through the care regime,  but consideration 
of how the animal feels about the situation 
has been lacking in our approach. We like 
to think we know, but we are prone to 
anthropomorphize and often decide an 
animal is “happy” without truly consider-
ing how it feels. 

Consider amputation and permanent 
captivity. We’ve kept animals alive because 
we could, and then sought homes for them, 
rather than asking if this animal should be 
kept alive and caged for the rest of its life.

Advances in how we assess animal wel-
fare have provided us with a tool—the five 
domains model—to evaluate an animal’s 
mental state—how it feels —by measuring 
things we can see, such as diet, accommo-
dation, behaviour, and health, and con-
sidering how they affect that individual’s 
mental state. Such tools force us to rethink 
how we look after animals in our care, to 
consider if we are acting in an animal’s best 
interests or our own, and, importantly, to 
help us develop better decision-making 
protocols that are focused on the animal.

Consideration of animal welfare goes 
beyond the interests of animals currently in 
care. Many rehabilitators are also educators. 
When planning education programs, we 
should start by asking what is it we want 
to teach our audience (whether children, 
adults, or particular communities). We can 
use the 3 Rs—replace, reduce, refine—as a 
framework to plan such programs:

Replace. Do we need to use captive 
animals? What alternatives are there? (like 
directly observing the animal in the wild 
doing what they have evolved to do);

Reduce. If we do need to use captive 
animals, how many, and of what species?

Refine. How can we deliver our mes-
sages in a way that minimises the impact 
on the welfare of the animals involved?

More recently, the Fish and Wildlife 
Service in the U.S. has started to ask 
more questions about animal welfare and 
exploring how to provide better welfare 
to animals under human care. I welcome 
this new approach. The IWRC is involved 
in this process, along with many partner 
organizations, as an advocate for animal 
welfare. I am pleased to see this progress as 
my tenure as President comes to an end. I 
will continue to be involved, as the devel-
opment of wildlife rehabilitation standards 
and regulations in the U.S. is important 
to promote better standards for animal 
welfare in wildlife rehabilitation worldwide.

—Adam Grogan, President 
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First Test of Wildlife Morbidity 
and Mortality Event Alert System 
LOWER LAKE, CALIFORNIA (July 14, 
2021)—A study describing the first test 
of the Wildlife Morbidity and Mortality 
Event Alert System was published this 
summer in the open access journal Proceed-
ings of the Royal Society B. The project is a 
collaboration of University of California 
Davis, School of Veterinary Medicine, 
California Department of Fish and Wild-
life, and Wild Neighbors Database Project. 

“Human-induced disturbances are 
contributing to a wide range of threats— 
habitat loss, invasive species introductions, 
pollution, disease, wildfires,” said co-lead 
author Terra Kelly, a wildlife epidemiolo-
gist at the UC Davis One Health Institute 
and its Karen C. Drayer Wildlife Health 
Center within the School of Veterinary 
Medicine. “It speaks to the need for a 
system like this where we can better under-
stand the threats facing wildlife popula-
tions and respond to them in a timely way 
so there’s less harm to wildlife.”

UC Davis explains that wildlife 
rehabilitation workers are the front-line 
responders of the free-ranging animal 
world. They are the first to receive and tend 
to sick and injured wild animals. Their 
clinical reports carry a wealth of infor-
mation that, when shared, can indicate 
broader patterns.

“I’m thrilled that WRMD is not only 
useful for thousands of wildlife rehabilita-
tors but that the data collected by them is 
used for morbidity and mortality monitor-
ing,” co-author Devin Dombrowski said. 
“To witness the WMME Alert System 
identifying data anomalies and alerting 
investigators is incredible.”

The California Department of Fish 
and Wildlife is using the system to help 
identify and prioritize wildlife needs and 
conservation efforts. “The near real-time 
information this system provides has 
allowed us to quickly follow up with 
diagnostic testing to identify the problem,” 
said Krysta Rogers, senior environmental 
scientist at the CDFW’s Wildlife Health 

Laboratory. “This system also has been 
instrumental in determining the geo-
graphic range and severity of the threat.”

Kelly notes that being able to monitor 
and rapidly detect wildlife morbidity and 
mortality events is important for all spe-
cies, humans included. The alert system 
combines machine-learning algorithms, 
natural language processing, and statisti-
cal methods used for classifying cases and 
establishing thresholds for alerts with the 
ecology and distribution of wildlife within 
the test area of California, said co-leading 
author Pranav Pandit, a researcher in the 
UC Davis One Health Institute and its 
EpiCenter for Disease Dynamics.

“The wildlife rehabilitation orga-
nizations’ data is making such valuable 
contributions,” Pandit said. “That’s all 
coming together in this highly adaptable 
surveillance system.”

Organizations across 19 countries use 
the related Wildlife Rehabilitators Medical 
Database (WRMD).

Sources: Press release by UCDavis 
and personal conversation with Wild 
Neighbors Database Project co-founder 
Rachel Avilla.

Protecting Harlequin Toads from 
Chytrid Fungus
AUSTIN, TEXAS (Aug 25, 2021)—Atelopus 
Survival Initiative (ASI) is a new alliance 
of more than 40 organizations from 13 
countries formed specifically to support 
the genus Atelopus.

While amphibian researchers and con-
servationists have worked for many years 
to save harlequin toads (which make up 
the Atelopus genus) and groups of species 
in individual countries, the ASI is bring-
ing them together for the first time to 
pool the resources, decades of experience 
and knowledge necessary to prevent the 
extinction of the entire genus of harlequin 
toads across the region where these species 
still survive. 

“As an incredibly diverse group of 
amphibians facing a number of threats, 
harlequin toads require innovative solu-
tions coming from a diverse group of 
individuals and organizations with differ-
ent expertise, knowledge and capacities,” 
said Lina Valencia, ASI founder, co-
coordinator of the IUCN SSC Amphibian 
Specialist Group Atelopus Task Force and 
Andean countries coordinator for Re:wild, 

Harlequin frog Atelopus spumarius (commonly called the Pebas stubfoot toad) from 
the Amazon rainforest of Ecuador.
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http://www.atelopus.org/
https://www.flickr.com/photos/75374522@N06/48256882796
https://www.flickr.com/photos/75374522@N06/48256882796
https://www.flickr.com/photos/75374522@N06/48256882796


6    JOURNAL OF WILDLIFE REHABILITATION

Letter to the Editor

March 21, 2021
Dear Editor,

We were dismayed to read the article 
“Raccoon roundworm as an occupational 
hazard to caregivers of captive wildlife” in a 
recent issue of the Journal of Wildlife Reha-
bilitation (Vol. 41(1), pp. 7–14, 2021). The 
research described in this article included 
the trapping and killing of 50 native wild 
animals. The research justification for 
this trapping and killing is questionable, 
despite the approval of institutional review 
boards. Much of the information gleaned 
from the carcasses is already known and 
available in the published literature. The 
authors further suggest that the trapping 
and killing represented an attempt at 
“lethal raccoon removal” (i.e., killing of 
“nuisance” animals). These practices and 
research methods are antithetical to the 
Wildlife Rehabilitator’s Code of Ethics1 
as well as to the mission of the IWRC 
(“promotes wildlife conservation and 
welfare”). In our opinion, this article does 
not belong in a journal that represents 
the field of wildlife rehabilitation. We 
are concerned that publication of articles 
using methods such as these may be seen 
as condoning them.

The IWRC treatise on Wildlife Reha-
bilitation notes that “One of the guiding 
principles in any wildlife research should 
be that collecting the information should 
never compromise the animals.”2 Similar 
data to that obtained from killing 50 
healthy animals could have been gathered 
through non-lethal means.

An interesting perspective from Field 
et al.3 states that “publication of methods 
that contravenes animal welfare principles 
risks perpetuating inhumane approaches 
and bad science.” We suggest that the 
IWRC consider establishing explicit 
ethical guidelines for wildlife research 
associated with rehabilitation, and require 
adherence to these guidelines for all of 
their publications and supported research 
projects. At minimum, authors must abide 
by the Wildlife Rehabilitator’s Code of 
Ethics as a prerequisite for publication in 
the Journal of Wildlife Rehabilitation. This 
would give JWR the opportunity to play 

a leadership role in advancing wildlife 
research ethics.
1.	Wildlife Rehabilitator’s Code of Eth-

ics. 2021. https://www.nwrawildlife.
org/page/Code_of_Ethics_Rehab.  
Accessed 20 Mar 2021. 

2.	Grogan A. Research. In: Poisson K, 
Weiss R, editors. Wildlife rehabilitation: 
A comprehensive approach. Eugene 
(OR): The IWRC; 2016. p. 333. 

3.	Field KA, Paquet PC, Artelle K, Proulx 
G, Brook RK, Darimont CT. Pub-
lication reform to safeguard wildlife 
from researcher harm [published cor-
rection appears in PLoS Biol. 2020 
May 18;18(5):e3000752]. PLoS Biol. 
2019;17(4):e3000193. 

Sincerely,
Gabriele Paul and Daniel Friend
Colorado Wild Rabbit Foundation 

Reply from the IWRC:
Dear Gabriele Paul and Daniel Friend,

Thank you for your letter in regards to 
“Raccoon roundworm as an occupational 
hazard to caregivers of captive wildlife” 
published in Volume 41(1). Your feedback 
has prompted a board-level discussion 
regarding a review of the JWR research 
standards, considering both animal 
welfare and benefits to practice, amongst 
ourselves and the Journal of Wildlife Reha-
bilitation editorial team.

Many thanks for the references you 
provided, which we will be considering 
as part of our review. In addition to the 
texts referenced in your letter we will also 
consider the article, “Journal Editorial 
Policies, Animal Welfare, and the 3Rs,” 
by N. Osborne, D. Payne, and M. New-
man  in The American Journal of Bioethics. 
(2009 December; 9(12): 55–59. DOI: 
10.1080/15265160903318343.) 

Sincerely,

Kai Williams, Executive Director	
Adam Grogan, President		
Kieran J. Lindsey, Editor	

one of the primary ASI conveners. “More 
than ever before, we need a constellation 
of champions working together to bring 
harlequin toads back from the brink 
of extinction. The ASI underscores the 
vital need to implement on-the-ground 
conservation actions that will mitigate 
the main threats to this beautiful group 
of amphibians.”

The fungus Batrachochytrium den-
drobatidis (Bd) causes the lethal disease 
chytridiomycosis, which has resulted in 
amphibian declines all around the world, 
including in Australia and the western 
United States. Although Bd may likely 
be the primary driver of these declines, 
a number of other threats are exacerbat-
ing the precipitous drops in population 
numbers. This includes habit destruction 
and degradation (as the result of animal 
agriculture, logging, mining and infra-
structure development), the introduction 
of invasive species such as the rainbow 
trout that prey on harlequin toad tadpoles, 
pollution, illegal collection for the pet 
trade, and the effects of climate change.

The ASI and its members, including 
governments, local communities and 
Indigenous peoples, will collaboratively 
address each of these threats—and new 
ones as they arise—across the genus’s 
full range, taking into account the social, 
political and cultural realities of each of 
the 11 countries where harlequin toads 
are found. 

“With their beautiful songs and 
unique lifestyles, amphibians are among 
the most extraordinary animals on Earth, 
and among them, harlequin toads stand 
out for their amazing colors,” said Luis 
Fernando Marin da Fonte, coordinator 
of the ASI and director of partnerships 
and communications for the Amphibian 
Survival Alliance. “But these colorful and 
delicate jewels are becoming increasingly 
rarer. Harlequin toads must be protected 
not only because of their beauty and 
uniqueness, but also because of their 
intrinsic value and biological, ecological 
and even cultural importance.”

The initiative’s newly developed Harle-
quin Toad (Atelopus) Conservation Action 

CONTINUED ON PAGE 30

https://www.nwrawildlife.org/page/Code_of_Ethics_Rehab
https://www.nwrawildlife.org/page/Code_of_Ethics_Rehab
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A juvenile desert cottontail rabbit (Sylvilagus audubonii) undergoing rehabilitation at 
the Colorado Wild Rabbit Foundation.

CORRESPONDING AUTHOR
Gabriele C. Paul
Colorado Wild Rabbit Foundation
PO Box 1253
Erie, CO 80516 USA
E: cowildrabbit@yahoo.com

ABSTRACT: Gastrointestinal diseases are 
major causes of mortality in young cot-
tontail rabbits (Sylvilagus spp.) undergoing 
rehabilitation. During the four-year period 
from 2017 through 2020, the Colorado Wild 
Rabbit Foundation implemented increas-
ingly aggressive protocols for the treatment 
and prophylaxis of coccidiosis. This resulted 
in a large (75 %) decrease in gastrointestinal 
disease mortality from all causes.

KEYWORDS: Coccidiosis, cottontail, 
gastrointestinal disease, Sylvilagus, wildlife 
rehabilitation.

W I L D L I F E  R E H A B I L I TAT I O N  A N D  M E D I C I N E

Gabriele C. Paul1 and Daniel G. Friend1
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Introduction

Gastrointestinal (GI) diseases are major causes of morbidity and mortality in 
young cottontail rabbits (Sylvilagus spp.),1 with coccidiosis, acquired in the wild 
or during rehabilitation, being a significant component.2 During the four-year 

period from 2017 through 2020, the Colorado Wild Rabbit Foundation implemented 
increasingly aggressive protocols for the treatment and prophylaxis of coccidiosis. Prior to 
2019, we had been successful in treating most clinical cases of coccidiosis with toltrazuril 
5 % solution (Baycox, Bayer Inc., Mississauga, ON, Canada). However, we had not been 
as successful in treating bacterial enteropathies, especially clostridial enterotoxemia, 

AUTHOR AFFILIATIONS
1Colorado Wild Rabbit Foundation, Erie, 
CO, USA. 

Aggressive treatment of young cottontail rabbits (Sylvilagus spp.) 
for coccidiosis resulted in large reduction in gastrointestinal disease 
mortality from all causes (Colorado, USA)
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FIGURE 1. Characteristic necropsy signs of coccidiosis in immature 
cottontail rabbits: a) impacted cecum; b) jejunal lesions.

A

B

which often accompany coccidial infections; additionally, we 
frequently missed cases of coccidiosis. Therefore, GI disease was 
still a major cause of death in our patients. Beginning in 2019, 
we adopted a more proactive approach to the treatment and pro-
phylaxis of coccidiosis, which resulted in a large reduction in GI 
disease mortality from all causes. The results of our retrospective 
study are consistent with a suggestion of Lenz,3 who implied a 
broad benefit from prophylactic treatment for coccidiosis in cot-
tontail rabbits using a coccidiostat.

Methods

For this retrospective study, we included all immature cottontail 
rabbits received at our facility from 2017 through 2020 that 
had survived 24 hours after intake, i.e. had not been euthanized 
or died on arrival. Rehabilitation outcomes were categorized 
as released, mortality from GI disease, or death from all other 
causes. A presumptive diagnosis of gastrointestinal disease was 
established from clinical signs prior to death and through gross 
necropsy analysis; only individuals with clear post-mortem 
evidence of GI disease were assigned GID (gastrointestinal 
disease) as the cause of death. (See Figs. 1 and 2 for character-
istic necropsy signs of coccidiosis and clostridial enterotoxemia. 
During our initial research into GI diseases in our patients2, we 
submitted numerous samples for histopathology, culture, and 
PCR to confirm our diagnoses and rule out other pathogens. 
We found the lesions depicted to be indicative of the respective 
diseases and easily identifiable on gross necropsy.) Other causes 
of death included injuries and infections from domestic cat (Felis 
catus) predation (the largest category), neurologic disease, trauma, 
emaciation, etc. All animals considered in this study either died 
in our care or were released to the wild according to consistent 
criteria. Below, we outline three different protocols that were 
evaluated through their outcomes. The first protocol (I) spans 
two years (2017 through 2018). The second (II) and third (III) 
protocols were used in 2019 and 2020, respectively. 

In 2017 through 2018 (I), we only treated cases of suspected 
coccidiosis based on clinical signs, e.g., diarrhea and/or abnor-
mally shaped feces (Fig. 3) and presence of oocysts in feces (Fig. 
4). In 2019, we implemented a more aggressive approach (II) that 
involved treating all patients exhibiting clinical signs suggestive 
of GI disease, including those with only mild or only behavioral 
signs (primarily agitation and posture, as in Fig. 5). In 2020 (III), 
we began prophylactically treating all young cottontail rabbits, 
beginning at intake (or when their eyes opened and they began 
eating solids), and continuing until release. The typical stay for 
these patients ranged from two to four wks.

Toltrazuril (5 % solution) was the sole drug considered in 
this study. The dose of toltrazuril we used for treating clinical 
disease was 25 mg/kg, given orally once per day for up to five 
days, until clinical signs subsided. We used this same dose (orally 
once per day) for prophylaxis, following a schedule of two days 
on and five days off. 

Results
Table 1 summarizes outcomes associated with these protocols. 
The table includes both raw numbers and mortality ratios, defined 
as the number of deaths (from a specific cause or overall) divided 
by the total number of individuals studied in a given year. The 
mortality ratios associated with GI diseases using Protocol I are  
29 % and 26 % in 2017 and 2018, respectively. These are statisti-
cally similar (p = 0.43, two-tailed z-test). The decrease in 
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FIGURE 2. Blood-tinged, edematous cecum from a cottontail  
rabbit with clostridial enterotoxemia.

FIGURE 3. Soft and misshapen feces from a cottontail rabbit with 
coccidiosis.

FIGURE 4. Oocysts in the feces from a cottontail rabbit with coc-
cidiosis (400x magnification).

FIGURE 5. Cottontail rabbit ill with coccidiosis. Note piloerection, 
and hunched posture with front and hind legs close together.

the number of patients in the study after 2017 reflects capacity 
limitations at our facility. We were not able to directly compare 
results prior to 2017 (i.e., with no use of toltrazuril), as other 
aspects of rehabilitation protocols, GI disease protocols, and 
release protocols were evolving during this period and would 
have confounded any comparisons. However, it is generally 
concluded that mortality ratios from GI disease in young cot-
tontails undergoing rehabilitation (either untreated or with less 
effective protocols) are extremely high, often more than 50 %.4,5

The more aggressive treatment of Protocol II in 2019 resulted 
in a mortality ratio from GI disease of 13 %; essentially, the 
mortality ratio from GI disease was cut in half. Significantly, 
the overall mortality ratio in this population is proportionately 
reduced (from a 2017 / 2018 combined value of 48 % down to 
36 %), indicating that the populations under study and outcomes 
of treatment for non-GI morbidity are similar: the increased use 
of toltrazuril was not accompanied by any serious adverse pathol-
ogy. Finally, our most aggressive treatment/prophylaxis protocol 
(III) in 2020 resulted in a mortality ratio from GI disease of 7%, 
a 75% decrease in mortality ratio (from GID) compared to the 
two years using Protocol I (p < 0.0001, one-tailed z-test). The 
overall mortality ratio in these populations is also down between 
2019 and 2020, but the ratio from “other causes” remains roughly 
the same (p = 0.21, two-tailed z-test, not significantly different), 
indicating that outcomes for diseases other than GI disease were 
not substantially affected by our protocol changes. 

Discussion
The success of Protocol III in reducing the GI disease mortality 
ratio seemed to be due to better treatment of undiagnosed cases 
of coccidiosis. Importantly, it was accompanied by a reduction 
in mortality from clostridial enterotoxemia. This was established 
through necropsies, Gram stains, and PCRs. Prior to implement
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*Gastrointestinal disease

TABLE 1. Mortality ratios for immature cottontail rabbits (Sylvilagus spp.) using three anticoccidial protocols.

YEAR	 PATIENTS TREATED	 NO. 	 NO. 	 MORTALITY	 NO. DEATHS	 MORTALITY 	 NO. DEATHS 	 MORTALITY 
	 WITH TOLTRAZURIL 	 PATIENTS 	 DEAD 	 RATIO 	 DUE TO GID*	 RATIO GID 	 DUE TO OTHER 	 RATIO: OTHER 
		

2017	 (I) Clinical	 360	 168	 47 %	 104	 29 %	 64	 18 %
	 coccidiosis 
	 cases only

2018	 (I) Clinical	 228	 115	 50 %	 59	 26 %	 56	 25 % 
	 coccidiosis  
	 cases only

2019	 (II) All with	 222	 81	 36 %	 29	 13 %	 52	 23 %
	 GID* clinical
	 signs

2020	 (III) All, 	 201	 52	 26 %	 15	 7 %	 37	 18 %
	 prophylactically

ing Protocol III, clostridial infections due to Clostridium spiro-
forme and Clostridioides difficile were a common cause of death 
in our patients; with Protocol III, such findings were rare. We 
suspect that prior to Protocol III, clostridial pathogens may have 
proliferated in the presence of untreated coccidial infections.2,6 
The release ratio (R24 = 74 %) for this cohort in 2020 seems to 
be a clear signal of an improved protocol.

While many drugs, primarily coccidiostats, are used for 
prevention and treatment of coccidiosis in domestic/European 
rabbits (Oryctolagus cuniculus),7,8 toltrazuril is coccidiocidal,9 
and we have found it to be highly effective in treating even 
advanced coccidiosis.2 For prophylaxis, we considered options 
using coccidiostats, including medicated feed or water. How-
ever, an important component of wildlife rehabilitation involves 
acclimating patients to the natural foods they will encounter 
upon release,10 so limiting their diet to pelleted feed (required 
to achieve therapeutic doses of medication) could compromise 
their post-release survival. Also, daily water intake has not been 
established for these species, some of which are adapted to arid 
environments (e.g. desert cottontails, Sylvilagus audubonii); this 
may limit the possibility of dosage through drinking water. An 
advantage to using the coccidiocide toltrazuril (or its metabolite 
ponazuril (Marquis, Merial Inc., Duluth, GA) as described by 
Harrenstien11) for prophylaxis is that it may be effective with a 
less frequent dosing schedule. This would avoid stressful daily 
handling and administration of drugs, often unpalatable to cot-
tontail rabbits, for extended periods, as might be needed for coc-
cidiostatic drugs. For this study, we adopted the dosing schedule 
from Harrenstien11 (e.g. two days on, five days off).

As mentioned above, the dose of toltrazuril we used for both 
treatment and prophylaxis was 25 mg/kg. Carpenter12 lists a dose 
of 25 mg/kg given orally once a day for two days, repeated after 
five days, as one option. Other, lower doses are also included in 
this formulary, and are commonly seen in other references.13 

However, we have found the higher dose to be more effective 
in quickly reducing clinical signs in critically ill patients. We 
have been using 25 mg/kg for over 5 yrs with no adverse effects 
observed. It is possible that a lower dose would be adequate for 
mild infections or prophylaxis. 

While deaths from GI disease were reduced considerably 
using the above prophylaxis protocol (III), there remain some 
issues of concern. First, we saw some cases in which clinical signs 
of coccidiosis appeared between treatments (during the five-day 
“off” period), and we had to resort to our active disease protocol 
of daily treatment for up to five days. We then resumed the 
prophylaxis schedule, continued until release, in case of infec-
tion with a different species of coccidia or if immunity had not 
been completely established. We have not determined whether 
the two-day “on” period was insufficient to clear any previously 
established infection, or if the five-day “off” period may have 
been too long and allowed these rabbits to become infected and 
symptomatic. Another concern with our protocol is the potential 
for development of anticoccidial resistance to toltrazuril; this has 
been documented in a number of livestock species,14 and it may 
be only a matter of time before resistance appears in populations 
of cottontail rabbits if our protocol is widely adopted. A different 
approach, probably involving a rotating schedule of coccidiostats, 
as is common in the domestic rabbit farming industry,15 should 
be investigated for prophylaxis in cottontail rabbits in order to 
preserve the efficacy of toltrazuril for treating acute disease.16

At our facility, we regularly receive juvenile rabbits with severe 
coccidiosis, acquired in the wild, with body weights of up to 350 
g (rarely over 400 g). This suggests that they remain susceptible 
to this disease until that weight/age. However, we release our 
patients at weights of 220–250 g,17 suggesting that if they had 
not been infected and acquired immunity prior to release (either 
before intake or while in our care), they may still be susceptible to 
coccidiosis post-release. Therefore, the development of a vaccine 
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to this disease until that weight/age. However, we release our 
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Desert cottontail (S. audubonii), Albuquerque, New Mexico.
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for this disease would be valuable. While some progress towards 
such a vaccine has been made in the domestic rabbit farming 
industry,18 it is not commercially available (although a vaccine 
exists for the poultry industry15).

Since GI diseases and associated morbidities and mortali-
ties in young cottontail rabbits present a frequent challenge for 
wildlife rehabilitators, implementing a protocol for the treatment 
and prophylaxis of coccidiosis may be a highly effective and 
straightforward means of increasing success in rehabilitating 
these species. While our practices have produced good results, 
further research is needed to establish optimal protocols, includ-
ing establishing minimum effective doses for treating critical 
cases, preventing coccidiosis in general, ensuring that immunity 
has been established prior to release, and effectively suppressing 
opportunistic and co-infections. 
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or organization mentioned or cited in this paper for the research, 
authorship, and/or publication of this article, and assert that no 
conflicts of interest are present. The authors affirm that all animals 
enrolled in this study received the highest standards of rehabilita-
tion care, conforming to ethical guidelines of the Colorado Wild 
Rabbit Foundation, the International Wildlife Rehabilitation 
Council, and the National Wildlife Rehabilitation Association; 
all interactions with these animals were in accordance with the 
relevant local, state, national, and international laws, rules, trea-
ties, and regulations for such interactions. 
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Survival of infant eastern cottontails (Sylvilagus floridanus) 
rehabilitated using a rabbit-specific and non-specific milk replacer:  
a retrospective study
Pauline Kosmal1,2

ABSTRACT: This paper reports the release 
rate of infant eastern cottontails (Sylvilagus 
floridanus) raised at a southern Ontario 
rehabilitation center. Rabbits were either 
fed Esbilac puppy milk replacer (Formula 1) 
or Wombaroo rabbit milk replacer (Formula 
2) using the same delivery method until 
weaned. Results show that there was a sig-
nificant difference in release rate between 
groups. Rabbits fed Formula 2 rabbit milk 
replacer were 1.89 times more likely to sur-
vive when compared to those fed Formula 
1. Energy content was likely a contributing 
factor to these results. Energy content on 
an as-fed basis of Formula 2 was 1.56 times 
higher per feeding when compared to 
Formula 1.

KEYWORDS: eastern cottontail, Esbilac, 
milk replacer, survival, Wombaroo, wildlife 
rehabilitation.

Introduction

Born hairless and with their eyes closed, eastern cottontails are classified as an 
altricial species and are dependent on their mother for milk several weeks after 
birth. The average weight of a newborn eastern cottontail is between 28 and 

40 g.1 Weaning typically begins around 15 days of age or 115 g.2,3,4 Due to the limited 
number of feedings and the need for rapid growth, rabbit milk is considerably rich and 
high in energy.5,6

Common milk replacers used for feeding young eastern cottontails in rehabilitation 
include kitten milk replacer (KMR) and Esbilac puppy milk replacer; however, these 
alone are likely insufficient nutritionally.7 In order to meet the caloric requirements, it 
has been determined that Multi Milk or heavy cream should be added.8 Other milk 
replacers include goat milk or goat milk replacer and added UltraBoost.4 

Rabbit milk is specialized in the sense that it is high in energy when compared to 
other mammalian species and contains a unique saturated short chain fatty acid profile6,9 
The short chain fatty acids capric acid (C10:0) and caprylic acid (C8:0) form a ‘milk 
oil’ in the stomach of rabbits which acts as an antimicrobial factor to reduce the risk 
of gastrointestinal infection.9 Formula 2 has high fat and protein content as well as the 
antimicrobial-forming fatty acids found in mother rabbit milk. Previous studies have 
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assessed survival and morbidity of hand-raised eastern cottontails 
fed different formulas4,10 but did not assess the effects of feeding 
a rabbit-specific milk replacer. Therefore, the purpose of this 
study is to determine if there is a difference in survival between 
unweaned eastern cottontails fed puppy milk replacer and those 
fed rabbit milk replacer. 

Materials and Methods

Study Design
The study was conducted between the years 2015–2016 and 
2018–2019 at Shades of Hope Wildlife Refuge located in Pef-
ferlaw, Ontario, Canada. Data from 2017 is excluded from this 
study because it was incomplete. All unweaned eastern cottontails 
admitted in the described time frame were included in this study. 
However, in agreement with a similar study by Paul and Friend,10 
subjects that died or were euthanized within 3 days of admission 
were removed from the data, resulting in a total of 508 individuals. 

Upon admission, the date, initial weight, and injuries or 
illnesses were recorded (Tables 3 and 4). Any injured or ill rab-
bit entering care received medication immediately following 
admission, according to guidelines set by the NWRA Wildlife 
Formulary.11 Age of eastern cottontails was determined both by 
weight and developmental indicators. Unweaned rabbits were 
considered infants. Due to the number of intakes and resources 
available, eastern cottontails with eyes closed were transferred to 
another facility when possible, or humanely euthanized. 

Treatment of Gastrointestinal Illness
Gastrointestinal illness is a large concern for rehabilitated eastern 

cottontails. Common gastrointestinal illnesses 
observed in infants include clostridial entero-
toxemia and coccidosis.12 The clinical symp-
toms associated with these illnesses include 
anorexia, diarrhea, collapse, GI stasis, cecal 
impaction, and sudden death.13 If symptoms of 
coccidosis appeared and were identified by fecal 
floatation, Baycox® (toltrazuril) at a concentra-
tion of 50 mL/mg, obtained from Bayer, was 
given at 5 mg/kg for treatment.8

Enclosure description
Enclosures were consistent with IWRC mini-
mum standards (Table 2).14 Less active infant 
eastern cottontails (<80 g) were housed with 
littermates in boxes (10 gallons or greater) 
until they became more mobile. Boxes were 
punctured with holes, lined with fleece, and 
contained nests made of grass and hay. Active 
infants (>80 g) were housed in indoor enclo-
sures with their littermates when possible. The 
indoor enclosures consisted of four pens, 47 × 
29.5 × 47 inches each, and were located in a 
separate room to minimize noise. Enclosures 

had three closed-off walls with wire grate doors to allow natural 
lighting to enter; however, in order to prevent injury, a visual bar-
rier was built at the base of each door. Each enclosure also included 
at least one place to hide with the entranceways facing away from 
the door. Healthy singletons were housed with conspecifics at a 
similar developmental stage. The number of rabbits housed in a 
single pen was determined by the total number of rabbits in care.

Feeding
Rabbits admitted between 2015 and 2016 were tube fed Formula 
1 and rabbits admitted between 2018 and 2019 were tube fed 
Formula 2 (Tables 1 and 2). All eastern cottontails were provided 
with hay and fresh greenery. Hay was provided as an additional 
source of fiber to reduce the presence of diarrhea as supported by 
previous research on the relationship of high fiber:starch diets 
and digestive health in rabbits.15 Weaned rabbits were provided 
with oats and occasional native fruits and vegetables. Rabbits 
were released between 125 and 140 g if healthy, gaining weight, 
and over 21 days of age. 

Results
The following model was used to analyze the dataset in SAS 
University Edition Version 6.1.0:

survival = μ + formula + circumstance of rescue  
	 + injuries + year + error

There was a significant formula effect at a 95 % confidence interval 
(P-value 0.024). Release rate was significantly improved with the 
use of Formula 2 (Table 5). 

Formula 1 contained 900 kcal/kg ME17 on an as-fed basis, 

TABLE 1. Energy content of milk replacers used for captive-reared eastern cottontails 
where energy content on an as-fed basis is represented by ME and body weight is 
represented as BW.

*Energy content for Formula 2 was converted to kcal/kg on an as fed basis.

	 FORMULA 1	 FORMULA 2

Instructions	 1-part Esbilac powder16 + 	 For 500 mL, mix:

	 2 parts water	 180g Wombaroo powder 
		  + 330mL water18

ME	 900 kcal/kg17	 2,063 kcal/kg18

Amount Fed 	 10% BW8	 6.78% BW18

TABLE 2. Feeding and housing guidelines used for infant eastern cottontails from 
2015–2019.

WEIGHT (G)	 SIZE OF TUBE	 FEEDING	 HOUSING 
	 USED (FR) 	 FREQUENCY

60–80	 5.0 White	 BID	 Box

80–100	 6.0 Grey	 BID	 Indoor enclosure

100–115	 7.0 Green	 BID	 Indoor enclosure

115–120	 7.0 Green	 SID	 Indoor enclosure

120+	 N/A	 Not Fed	 Released at 125+
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whereas Formula 2 contained 2,063 kcal/kg on an as fed basis. 
ME for Formula 2 was calculated by converting 24 MJ/kg to 5,732 
kcal/kg, then multiplying by 0.36 to account for the 180 : 330 
powder:water ratio, resulting in 2,063 kcal / kg. This energy 
content is similar to the energy content count in maternal rabbit 
milk; 8.4MJ / kg (or 2006 kcal / kg).6 

Formula 1 was offered at 10% bodyweight, whereas Formula 
2 rabbit milk replacer was offered at 6.78 % bodyweight. Typically, 
young rabbits are fed 10 % of their bodyweight each feeding;8 

however Formula 2 was offered at 6.78 % bodyweight at each 
feeding based on the similarity to maternal milk and the known 
milk consumption of maternal rabbit milk in rabbits.6 This means 
at each feeding rabbits fed Formula 2 received 1.56 times more 
ME than those fed Formula 1. 

Using an odds ratio estimation procedure in SAS, it was 
determined that rabbits were 1.89 times more likely to survive 
when fed Formula 2 replacer when compared to Formula 1. 
The circumstance of rescue, presence of injuries, and year were 
included as random effects in the model. A COVTEST using 
SAS determined the covariance parameters (random effects) 
were not significant sources of variation. The lower survival rate 
using Formula 1 could be explained by the significant difference 
in energy content.

Discussion

This retrospective study presents a comparison of release rates in 
eastern cottontails raised in a Southern Ontario rehabilitation 
center, fed two different milk replacers. Using previously-collected 

FIGURE 1B. Less active infant eastern cottontails 
with ears down and slick fur. 

FIGURE 1A. Active infant eastern cottontails with 
ears and fur up.

TABLE 3. Reason for admission of infant eastern cottontails kept >72 hours in care.

TABLE 4. Category of injury or illness for infant eastern cottontails kept >72 hours 
in care.

TABLE 5. Final Disposition of eastern cottontails kept >72 hours in care

REASON FOR ADMISSION	 2015	 2016	 2018	 2019
	 n 	 %	 n 	 %		  n 	 %		 n 	 %

Orphan	 24	 40%	 44	 40%	 85	 56%	 87	 47%

Animal attack	 3	 5%	 28	 25%	 34	 22%	 26	 14%

Collision	 1	 2%	 1	 <1%	 5	 32%	 1	 <1%

Entrapment	 0	 0%	 2	 2%	 0	 0%	 1	 <1%

Inappropriate 	 6	 10%	 22	 20%	 17	 11%	 7	 4%
human possession

Nest destruction	 25	 42%	 11	 10%	 10	 7%	 63	 34%

Undetermined	 1	 2%	 2	 2%	 2	 1%	 0	 0%

CATEGORY OF 	 2015	 2016	 2018	 2019
INJURY OR ILLNESS	 n 	 %	 n 	 %		  n 	 %		 n 	 %

Clinically healthy	 5	 87%	 89	 81%	 130	 85%	 135	 73%

Infection or	 1	 2%	 0	 0%	 1	 <1%	 2	 1%
inflammatory response

Nutritional	 6	 10%	 14	 13%	 7	 5%	 36	 19%

Physical injury	 0	 0%	 0	 0%	 7	 5%	 6	 3%

Spinal trauma	 1	 2%	 3	 3%	 4	 3%	 0	 0%

Undetermined	 0	 0%	 4	 4%	 4	 3%	 6	 3%

YEAR	 FORMULA 	 NUMBER 	 DIED	 EUTHANIZED	 RELEASED	 RELEASE 
	 GIVEN	 ADMITTED				    RATE

2015	 Formula 1	 60	 43	 4	 13	 21.7%

2016	 Formula 1	 110	 71	 13	 26	 23.6%

2018	 Formula 2	 153	 86	 20	 47	 30.7%

2019	 Formula 2	 185	 75	 43	 67	 36.2%
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data presents with limitations as it pertains to the methods and 
data collection. Data from previous years was provided to the 
author for the purpose of this study and, therefore, additional 
experimental error may have been present. However, to reduce this 
error, circumstance of rescue, the year, and injury or illness were 
included as random effects in the model, and those that reached 
final disposition within three days of admission were excluded 
from the study. Other parameters that affect final disposition 
include age, body condition, weight class, presentation number 
(singleton or in a group), hydration status, and prior human 
intervention.19,20 

It is also important to note the difference in energy content 
between the two milk replacers. Although Formula 1 was fed 
at a higher percent BW, Formula 2 provided approximately 
1.56 times more energy (kcal / kg) at each feeding. Therefore, 
it is likely that the difference in survival is attributed to the low 
energy content of Formula 1. Further studies are required to 
determine if the specific short-chain fatty acid profile could result 
in fewer mortalities in eastern cottontails given formulas with 
equal energy content.

Tube feeding allows a controlled amount of formula to be 
delivered. However, it is understood that it is a controversial prac-
tice among rehabilitation centers. Since tube feeding was used, 
a larger number of individuals could enter care, which offered a 
larger sample size for the study. 

The results of this study suggest that survival of infant eastern 
cottontails can be improved with the use of a high energy milk 
replacer. However, further protocol refinement is required to 
increase the release rate. Due to the role in the diet, rabbits should 
not be prevented from eating their cecotropes (aka caecal pellets). 
Cecotropes are the product of the cecum, a part of the digestive 
systems in order Lagomorpha. Cecotropes are passed through 
the intestines and subsequently reingested to improve nutrient 
uptake. Young rabbits begin to consume their mother’s cecotropes 
at two wks of age along with milk, to aid in gut development 
and digestion.21 When they can eat solid food, they will begin to 
ingest their own. Unfortunately, rehabilitation centers rarely have 
access to cecotropes from healthy rabbits. With limited access to 
microbes and nutrients found in cecotropes, young rabbits may 
develop symptoms of bloat and diarrhea which may eventually 
result in death.10,15,20 

Conclusion
Eastern cottontails have a high mortality rate, so ensuring the 
correct milk replacer is chosen is important for their survival.10 

Individual rehabilitation centers can have varying success with 
eastern cottontails, so it is important to follow a well-researched 
and predictable protocol.3 This study suggests that captive-reared 
eastern cottontail survival can be improved with the use of a milk 
replacer with suitable nutritional and caloric composition. Further 
research could assess which aspects of milk replacers have the 
greatest effect in order to further improve the survival of hand-
raised eastern cottontails.
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A case study of complicated Horner’s syndrome in a fledgling wild 
naturalized lilac-crowned parrot
Patricia J. Latas DVM1*, Brooke Durham1, Sarah Mansfield1, and Rebecca L. Miller1

Introduction

An approximately 4-week-old fledgling wild lilac-crowned parrot (Amazona 
finschi) was presented for deviation of the tongue, difficulties with prehension, 
dysphagia of food and water, droopy left upper eyelid, and general depressed 

demeanor. The bird had been rescued from an urban backyard in southern California 
after repeated attempts by the parents failed to elicit a flight-and-follow. The owners of 
the property had witnessed the fall and were fearful of predation and potential injuries 
the fledgling may have suffered, and brought the bird to SoCal Parrot, a wildlife reha-
bilitation facility for urban, naturalized psittacines.

AUTHOR AFFILITATIONS:
1SoCal Parrot, Jamul, CA 
*Corresponding author

ABSTRACT: A wild fledgling lilac-crowned 
parrot was presented to a wildlife reha-
bilitation facility and was diagnosed with 
Horner’s syndrome and other neurologi-
cal deficits. Clinical signs included unilat-
eral ptosis responsive to phenylephrine 
ophthalmic drops, contralateral erection of 
the feathers of the head and neck, tongue 
mobility deficits, dysphagia, and postural 
and behavioral abnormalities. Horner’s 
syndrome is rarely reported in avian spe-
cies, with few reports in psittacines, and 
with only one report summarizing Horner’s 
syndrome in wild psittacine species. Head 
and neck injuries resulting from collision 
or falls are common in birds presented to 
wildlife rehabilitation, and ptosis is com-
monly observed in many species but under-
recognized as Horner’s syndrome. This 
case was further complicated by an array 
of other traumatic injury and neurological 
signs, demonstrating the neurologic nature 
of head and neck injury in psittacines. 
Of note was the immediate ameliora-
tion of the non-Horner’s signs and overall 
improvement following a single treatment 
with midazolam for anxiety, suggesting its 
usefulness in brain injuries. This case also 
demonstrates the need for detailed and 
accurate observations with thorough neu-
rological and motor evaluation over time.

KEYWORDS: Amazona finschi, Horner’s 
syndrome, lilac-crowned parrot, mid-
azolam, phenylephrine, ptosis, tongue, 
urban psittacines, wild parrot, wildlife 
rehabilitation head injury.
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Juvenile lilac-crowned parrot (Amazona finschi) with Horner’s syndrome and other 
neurological abnormalities. PHOTO PROVIDED BY AUTHOR.
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Methods

On initial examination by the wildlife carers/caregivers* the bird 
was agitated, vocal, and extremely fearful—abnormal behavior for 
the age of the chick—but no injuries were discovered at that time. 
Plans were made to house and observe the bird overnight then 
attempt reuniting with the parents the following day. However, 
several hours later the bird was unable to perch, had diminished 
mentation, was severely depressed, and was not reactive to tactile 
handling. Carers initiated critical care with warm water at 10% 
body weight per os, placed in a pediatric ICU, and arranged emer-
gency veterinary examination. In the interim, carers noted that the 
tongue deviated to the right, and did not apparently move to the left, 
with no signs of muscle atrophy; the head and face seemed asym-
metrical; and the left eye appeared “squinty.” Difficulty or inability 
to swallow formula offered by syringe prompted tube feeding.

The initial examination recorded no abnormal findings except 
a slightly thin body score. On presentation to the veterinary hos-
pital, the bird did not exhibit any neurological deficits. A follow-
up examination for the complaint of continued dysphagia and 
lagging behavioral development indicated decreased mobility of 
the tongue, especially in the lateral directions, and hyoid trauma 
or nerve abnormality were postulated. The bird was sent with 
meloxicam 0.28 ml q12h (Metacam 1.5 mg/ml oral suspension 
Boehringer Ingelheim, St. Joseph, MO, USA) and instructions 
for cage rest, tube feeding if syringe feeding was unsuccessful, 
and close monitoring in ICU. 

The bird initially responded positively to nutritional and pain 
management and was eventually housed with an age cohort for 
continued handfeeding and introduction to various food items. 
Carers noted at the time that the bird was alternatively “irritable,” 
“crabby,” “short-tempered,” or depressed and reserved; or mentally 
and behaviorally lagging behind similarly- and younger-aged 
birds. The abnormal behavior persisted, and the tongue deviation, 
prehension and oral processing of food, and potential dysphagia 
worsened over the following 3 wks.

On pre-anesthetic examination for microchip implantation, 
the bird showed marked ptosis of the left eye, deviation of the 
tongue to the right, extrusion of food material to the left, and 
marked asymmetry of the head where the right side appeared 
smooth or flattened and the left side feathers looser. The cranium 
on the right followed an asymmetrical and lesser degree of arc 
compared to the left side; no fractures or other abnormalities 
were palpable, and mandible and maxillary range of motion were 
normal; radiography was not available. Pupillary size and response 
were equal, and the remainder of neurological examination was 
normal. The bird was in excellent body condition, and anesthesia 
with isoflurane and oxygen via mask, implantation of nanochip 
and recovery were unremarkable.

Three wks following the microchipping implantation, the bird 
did not maintain a stable body weight required for removal to out-
door enclosures. A decision to euthanize was under consideration. 
Due to worsening feeding behavior, the bird was submitted for 

off-site care. On presentation to private veterinary care, the right 
eye was normal (Fig. 1a); ptosis of the left eye was marked (Fig. 
1b). Two drops (approximately 0.01 ml) of 10% phenylephrine 
hydrochloride ophthalmic solution (Akorn, Lake Forest, IL, USA) 
were instilled in the left eye, with resolution of the ptosis in less 
than 3 min and the effect lasting 96 hr. Abnormal resting posture 
was noted, where the head was held in a “chin-tuck” position with 
the neck extended (Fig. 1b). 

The bird was at the stage of development where use of the feet 
for feeding was just beginning to be explored. Hands-on physical 
therapy involving placement of food items in the feet and guidance 
to the mouth. The “foot-to-eye” coordination resulted in improved 
tongue function, prehension, and processing the food in the oral 
cavity. Feeding activity normalized. Hyperactivity, including 
flustered re-attempts and aggression directed at perches or food 
with obvious frustration, was noted on many occasions when the 
bird was unable to feed or climb using the beak and tongue in 
combination as desired. Unexpected tactile contact with objects 
elicited extreme fear and aggression. A witnessed uncontrolled 
hyperesthetic panic episode ensued following minor entanglement 
with a shred of paper on a toe, including aimless, terrified, and 
frantic escape activity with alarm vocalizations and hyper-reactive 
fearful response to all sensory stimuli; 0.2 ml midazolam (mid-
zolam for injection, 2 mg/ml, West-Ward, Eatontown, NJ, USA) 
was administered immediately IM and the bird was allowed to 
recover without disturbance. Following that episode and the single 
treatment, general hyperactivity, fear, and aggression disappeared 
and did not reappear later; and the tongue deviation diminished 
to the point where observations of normal tongue protrusion from

FIGURE 1. A juvenile lilac-crowned parrot with Horner’s syndrome 
and other neurological abnormalities. The first photograph shows 
the head from the right lateral (a) aspect, with normal eyelids. 
The same bird, photographed in left-lateral aspect (b), shows the 
marked ptosis of the left eyelids. The bird in relaxed, non-stressful 
perching posture is shown in photograph (c) demonstrating the 
“tucked-chin” and extended neck.

a

c

b
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the left side were observed during self-beak cleaning of the left 
tomia. The marked ptosis of the left eye remained. Midazolam 
may have removed the severe anxiety associated with abnormal 
perception of the environment, and the anxiolytic effect dimin-
ished the impact of hyperesthesia-related negative feedback.

At fourth wk in private veterinary care, the bird was moved to 
a larger enclosure for climbing and short-flight training. Behavior 
was commensurate with similar age cohorts; however, the bird 
was observed during periods of rest and calm maintaining an 
unusual extended-neck, rostral-down posture; and during climb-
ing, consistently missing a perch with the beak but tapping it 
with a sliding-motion action of the left side. Prehension of food 
items continued to be abnormal, where the bird used a scooping 
motion with the upper beak to introduce food to the oral cavity, 
although normal biting of certain fruits and vegetables, perches 
and toys was also observed. Although encouraged, using the feet 
to handle and hold food, as is normal in this parrot species, was 
only rarely observed, although toys were frequently held in the 
feet. At that point, ptosis and occasional contralateral piloerec-
tion of rostral head feathers were intermittent and appeared worse 
with the level of tiredness toward the end of the day; treatment 
with phenylephrine ophthalmic solution, used to manage third-
order neuron abnormalities caused by damage to the sympathetic 
nervous system, resolved both for more than a week at a time.

On continued improvement, the bird was returned to the 
flock in the flight-training enclosure. Flight ability was slow but 
eventually was fully coordinated, and the bird had consistent and 
stable body weight and good flight muscle mass. Approximately 2 
mo after introduction to the flight enclosure, the bird was found 
deceased, and subsequently admitted for full necropsy. Gross 
necropsy findings included emaciated condition with prominent 
keel with ulceration of the skin, swollen kidneys, and intracranial 
hemorrhage. Histiopathological diagnosis included focal, necroul-
cerative dermatitis and panniculitis; diffuse pulmonary conges-
tion; lymphohistiocytic portal hepatitis; and lymphohistiocytic 
interstitial nephritis. The brain was autolyzed and not submitted 
for histopathological analysis. The sudden demise was attributed 
to bacterial sepsis secondary to the injury to the skin over the keel, 
which in turn was a suspected fall or collision injury.

Discussion
Horner’s syndrome is well-described in mammals, and less so 
in avian species, where it may be rare, under-reported, or under-
recognized .1-5 In Fig. 3 we show a diagrammatic representation 
of the neural pathways involved with sympathetic innervation of 
the eyelids and feather follicles, and the pathway of the hypoglos-
sal nerve. The anatomy of the avian oculosympathetic nervous 
system originates at the hypothalamus and includes three levels of 
neurons: one upper motor neuron and two levels of lower motor 
neurons. 8,9 The upper motor neuron originates in the hypothala-
mus, whereas the preganglionic and postganglionic lower motor 
neurons originate in the thoracolumbar spinal cord and the cranial 
cervical ganglion, and innervate the eye, vasculature, and feather 

follicles. In birds, Horner’s syndrome differs from the typical 
mammalian presentation (ptosis, miosis, enophthalmos, third-
eyelid protrusion, and various vasodilation activity) by usually 
presenting with ptosis and ipsilateral piloerection of the feather 
position of the head and neck, and rare and very mild miosis.1,2 
Ptosis results from loss of sympathetic innervation to smooth 
muscle of the eyelids with prolonged erection of the ipsilateral 
head and neck feathers likewise.1,2 Amelioration of ptosis after 
topical application of diluted phenylephrine was reported in a 
number of avian species.1-7 The rapid and prolonged response to 
10% phenylephrine would suggest a postganglionic lesion; but 
the amount of drug administered may have been large enough 
to cause response even with a preganglionic lesion.

The interesting twists to the neurological presentation for this 
bird include mild contra-lateral piloerection of the head feathers (or 
conversely the ipsilateral “smoothing” of feathers); where ipsilateral 
piloerection is pathognomonic for avian Horner’s syndrome.1,2 
In addition, the tongue deviation to the right suggests injury to 
the right cranial nerve XII. The hypoglossal nerve innervates the 
ipsilateral muscles of the tongue, and its activation causes the

c.

a. b.

d.

FIGURE 2. Horner’s syndrome in a juvenile lilac-crowned parrot, 
with other complications, is illustrated in the lateral aspects 
showing ptosis of the left upper eyelid (a), compared to the 
normal right eyelids (b). The dorsal aspect of the head (c) shows 
asymmetrical and decreased arc of the right skull and face with 
normal eyelids, and the normal curvature of the left side with 
ptosis of the left upper eyelid. The lines indicate the curvature 
of the arcs. The frontal view (d) illustrates the protrusion of the 
tongue to the right while feeding and swallowing and escape of 
food from the left side as evidence of poor prehension and oral 
processing, and dysphagia. All illustrations were directly drawn 
from photographs by the author.
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protrusion of the tongue (see Fig. 3). Unilateral tongue paralysis 
causes the tongue to deviate toward the injured side when pro-
truded, and in acute injury no muscle atrophy is apparent; as is seen 
in ipsilateral lesions of lower motor neurons or of the hypoglossal 
nerve.10 Fig. 4 shows the possible motor neuron involvement, 
where lesions of the upper motor neurons originating in the 
motor cortex could cause contralateral tongue weakness where the 
principal tongue protractor has crossed supranuclear innervation, 

and thus the tongue protrudes toward the side opposite a supra-
nuclear lesion.10 In our patient, it is possible that the craniofacial 
flattening we observed as the bird matured might have resulted 
from injury. Damage to the right motor cortex or cranial nerves 
would cause contralateral neurological deficits and ipsilateral 
tongue protrusion.

Physical examination and palpation of the head suggested 
skeletal injury to the right side of the head (flattening of the right

FIGURE 3. Diagram of the neural path-
ways involved with sympathetic in-
nervation of the eyelids and feather 
follicles, and the pathway of the hypo-
glossal nerve in a juvenile lilac-crowned 
parrot. The sympathetic nervous sys-
tem and lesions associated with it 
are extremely complex. This diagram 
only represents simple lesions, in an 
effort to clarify the many possibilities 
and neurological deficits that might 
manifest clinically.

Hypothalamus: Lesions to the upper 
motor neurons originating in the hy-
pothalamus impact the sympathetic 
nervous system distal to the injury. 
Horner’s syndrome and other severe 
clinical signs of neurological injury 
result.

Thoracolumbar Ganglia: The chain of 
ganglia associated with each vertebra 
of the thoracolumbar spinal column 
are the origins of lower motor neurons 
of the sympathetic nervous system. 
Lesions to nerves feeding into these 
ganglia are responsible for “pre-gan-
glionic” neurological signs, including 
Horner’s syndrome, plus respiratory 
disruption. Nerves leaving these gan-
glia enter the paravertebral ganglia.

Paravertebral ganglia: These structures 
form the sympathetic nerve trunk and 
consist of post-ganglionic lower motor 
neurons. Lesions to these nerves result 
in Horner’s syndrome which is respon-
sive to phenylephrine treatment, and 
sometimes cranial nerve deficits due 
to the proximity of cranial nerve exit 
and the site of injury. Neurons leave 
the paravertebral ganglia and enter 
the cranial cervical ganglion.

Cranial cervical ganglion: Nerves 
emerging from this sympathetic gan-
glion control eyelid and feather erec-
tion. Lesions to these fibers result in 
ipsilateral ptosis of Horner’s syndrome 
and ipsilateral piloerection. 

Hypoglossal Nerve (Cranial Nerve XII): 
Local traumatic injury to the hypoglos-
sal nerve, because of proximity to the 
many sympathetic ganglia, may result 
in ipsilateral paralysis of the motor 
nerves of the tongue, resulting in 
tongue protrusion on the contralateral 
side; as we see in our patient.

FIGURE 4. Ilustration of motor cortex centers in the brain of a juvenile parrot, showing that 
damage to the right lateral aspect of the head may result in brain injury, including multiple 
motor cortices and cranial nerves. In our patient, it is possible that the craniofacial flatten-
ing we observed as the bird matured might have resulted from injury. Damage to the right 
motor cortex or cranial nerves would cause contralateral neurological deficits and ipsilateral 
tongue protrusion.
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face), and cranio-cervical injury to the left side (left-sided ptosis); 
hence the confusing neurological presentation. In a moving-
head/stationary-object scenario (as in a recently flighted fledg-
ling psittacine), impact to the right head and face could result 
in contra-coup skull and cervical injury to the left hypoglossal 
and sympathetic pathways. Unusual “scooping” the upper beak 
to prehend could indicate musculoskeletal injury or damage to 
motor nerves involved with beak movement and mastication. 
In humans, occipital condyle fracture has been reported with 
hypoglossal canal and hypoglossal nerve deficits.11 In birds, 
analogous anatomy is near to the motor cortex involving tongue 
movements.8,9 The unusual resting posture may indicate cervical 
lesions, or, in combination with the climbing deficits utilizing the 
beak and tongue for grasping, a visual non-alignment impairment 
due to cranial nerve injuries as described in humans resulting from 
contra-coup head injury.12

Also of interest are the behavior modifications via physical 
therapy and foot use in feeding, which appeared to improve tongue 
coordination, abnormal tongue protrusion, oral prehension, and 
dysphagia of food. In humans, post-stroke and other brain injury 
resulting in dysphagia is treated by a combination of physical 
therapy, tongue resistance training, motor nerve stimulation, and 
dietary management. 13,14

The fortuitous use of midazolam for successful resolution of 
an acute anxiety episode may suggests that the frustration, anger, 
and anxiety induced by impaired ability to feed and indulge in 
normal behaviors could benefit from an anxiolytic treatment 
plan, as well as possible positive therapeutic result for brain injury. 
The success of midazolam may also have been a result of neural 
inhibition through potentiation of GABA receptors and muscle 
relaxation, which diminished the severity of the end neurologic 
impacts and neuronal damage. Further investigation of its useful-
ness in neuronal injury in birds is warranted. 

Horner’s syndrome in avians may be subtle, with ptosis and 
head feather position being the most noticeable indications. Head 
injury is common in birds presented to wildlife rehabilitation; 
confusing neurological presentations should be pursued, and 
where feasible, advanced imaging and other diagnostics may assist 
prognostication, as is routine in human head injuries.12 Psittacines, 
especially young birds, admitted to wildlife rehabilitation with 
head injury have a good prognosis, given enough time (up to a 
year in some cases) and resources to treat them.2,15 However, in 
one study, 68% of wild birds (some non-psittacines) with Horner’s 
presentation plus other neurologic complications were euthanized 
or died.2 In this individual, acute death was suspected to be due 
to sepsis related to an ulcerative keel injury and was compromised 
further by emaciation. Speculation regarding the ability to prehend 
and feed properly, and subsequent injuries from fall or collision, 
further bolsters the poor prognosis for Horner’s syndrome com-
plicated by neurological dysphagia. Disability in prehension of 
food items and dysphagia will not lead to positive outcome, nor 
compatibility with successful release. Early but careful consider-

ation of the quality of life and potential suffering of nerve- and 
brain-injured patients will assist decisions regarding expedient 
euthanasia and realistic allocation of resources.
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ABSTRACT
San Joaquin kit foxes (Vulpes macrotis 
mutica) occur in central California and 
are endangered due to habitat loss. 
We describe three case studies in which 
orphaned pups were fostered in captivity 
and returned to or provisioned entirely in 
the wild. In February 1992, six three-week-
old pups whose mother had died were 
recovered and fostered by caregivers until 
about ten wks of age. Four of these pups 
were placed in the den of their father and 
a new female (Case 1). The remaining two 
pups were placed with a foster kit fox fam-
ily (Case 2). In April 2019, a mother of five 
pups was found dead and no other adults 
were present (Case 3). The pups were left in 
their natal den and provisioned and moni-
tored. In all cases, rescuers chose courses 
of action based on the life stage of the 
pups and resources available for fostering. 
Among the 11 orphaned pups, at least four 
survived until the fall, at least two survived 
until the following breeding season, and at 
least one successfully reproduced.
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Introduction

Wildlife rehabilitation is the process of caring for orphaned, injured, or sick 
wildlife with the intention of releasing them back to their natural habitat. 
There are frequently ethical dilemmas when making the decision to rehabili-

tate wildlife such as whether or not human intervention is required, whether the animal 
is treatable and will survive treatment, and if the animal will function normally when 
released back to its natural habitat.1 At times, the situation may require euthanasia if the 
animal cannot be returned to its natural habitat or placed in an accredited facility.1 This 
decision becomes more complicated when dealing with endangered species.

The San Joaquin kit fox (Vulpes macrotis mutica) is a small canid endemic to the 
San Joaquin Desert in Central California. San Joaquin kit foxes are Federally listed as 
Endangered and California listed as Threatened due to habitat loss.2 Based on habitat 
modeling within the kit fox’s range, there may be as few as 3,000 San Joaquin kit foxes 
left.3 It is important to protect remaining individuals as much as possible, so when an 
orphaned, injured, or sick San Joaquin kit fox is reported, biologists do everything feasible 
to ensure the animals’ successful rehabilitation.

J. Wildlife Rehab. 41(3): 23–29. © 2021 
International Wildlife Rehabilitation 
Council.
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Canids have a period of prolonged dependence on their 
parents after birth.4 The mother of a litter is critical for pup 
survival until they are fully weaned at around eight wks of age.5 
If something happens to the mother after the pups are weaned, 
it is possible for the father or other family members to provide 
food for the pups and successfully raise them to dispersal age.6 If 
pups do not have adult family members, they likely will perish in 
the absence of human intervention. Such intervention frequently 
involves capture and care at a facility. However, often times wildlife 
raised in captivity are not releasable due to habituation to people 
or inadequate preparation that prevents them from properly caring 
for themselves after release.7 Translocations and reintroductions 
of wildlife species have varying post-release survival rates between 
11–53 %.7

Furthermore, permanent captivity may not be an optimal 
option for orphaned San Joaquin kit foxes or other endangered 
species. A zoo or other facility must have the proper permits to 
house an endangered species. Also, space may not be available for 
the animal(s). Thus, keeping individuals in their natural environ-
ment or returning them there as soon as possible is preferable to 
bringing them into long-term captivity. 

We describe three case studies involving orphaned San Joa-
quin kit fox pups. Two cases involved raising pre-weaned pups in 
captivity and then returning them to the wild and the third case 
involved providing assistance to post-weaned pups in the wild.

General Methods
The case studies described below were opportunistic efforts that 
involved rapid decisions and adaptive measures as events unfolded. 
Thus, these were not formal studies with methods defined a priori. 
However, there were some methods that were common among 
the efforts. We trapped foxes with wire-mesh box traps (38 × 38 
× 107 cm; Tomahawk Live Trap, Hazelhurst, Wisconsin) that 
were covered with oiled cloth tarps to guard against the elements. 
We opened traps at sunset, baited them with various meat-based 
products, and checked them at sunrise. Captured foxes were 
coaxed from traps into a cloth bag and manually restrained dur-
ing handling. 

Foxes received VHF radio collars for tracking. The collars 
used were made by Advanced Telemetry Systems (Isanti, MN) or 
AVM Instrument Company (Livermore, CA), or were handmade 
using small mammal transmitters (Lotek Wireless Inc, Newmar-
ket, Canada) glued to belting material. The latter were placed on 
young pups and the ends of the belting were sewn together with 
cotton thread to provide a break-away capacity in the event the 
pups were not recaptured. All collars weighed < 3 % of fox body 
weight. All fox trapping, handling, and collaring was consistent 
with guidelines for the use of wild animals in research established 
by the American Society of Mammalogists8 and conducted in 
accordance with conditions and protocols established in several 
permits from the U.S. Fish and Wildlife Service and Memoranda 
of Understanding from the California Department of Fish and 
Wildlife. Collared foxes were tracked using 2 or 3-element Yagi 

antennas (Telonics, Mesa, AZ or Advanced Telemetry Systems, 
Isanti, MN).

Background for Case Studies 1 and 2
In 1992, two ecological studies on San Joaquin kit foxes were in 
progress in the Elk Hills-Lokern area of western Kern County, 
California, U.S.A. One study was being conducted by EG&G 
Energy Measurements (EG&G)9 and the other was being con-
ducted by the California Energy Commission (CEC).10 Both 
studies entailed monitoring radio-collared kit foxes.

On 18 February 1992, an adult female kit fox was found 
dead, likely killed by a coyote (Canis latrans), by EG&G staff. 
The female was lactating, and a quick necropsy revealed that she 
had six placental scars on her uterus. The location of the den the 
female was using was known, and after consulting with the U.S. 
Fish and Wildlife Service (USFWS) and the California Depart-
ment of Fish and Game (now the California Department of Fish 
and Wildlife [CDFW]), the decision was made to excavate the 
den to determine if pups were present. Later that day, EG&G 
staff began excavating the den and after approximately an hour 
of careful digging, they reached a chamber with four small pups. 

The pups were immediately transported to Dr. Ted Murphy 
in Bakersfield, California, U.S.A. Dr. Murphy ran a wildlife 
rehabilitation facility at the California State University-Bakersfield 
and had experience working with kit foxes. The pups were approxi-
mately 3 wks old (eyes were open, teeth just beginning to emerge) 
and clearly would not have survived as they were still nursing and 
dependent upon their now-deceased mother. 

The next day, the den was revisited, and additional digging 
was conducted prior to filling in the excavation. In a deeper 
chamber at the bottom of the den, two additional pups were 
found and recovered. These also were immediately transported 
to Dr. Murphy. The weights of the six pups (three females, three 
males) ranged from 240–265 g. 

Dr. Murphy constructed an artificial den within his home to 
raise the pups. The den initially consisted of a cardboard box, and 
as the pups grew, additional interconnected boxes were added. 
Initially, the pups were fed a milk replacement formula for pup-
pies (Esbilac, PetAg, Hampshire, Illinois, U.S.A.). After a couple 
of weeks, the pups transitioned to commercial puppy food, and 
then raw chicken pieces soon followed by dead house mice, and 
finally live mice. Direct contact with the pups was minimized and 
dirt and other natural items were added to the den to simulate 
conditions in a natural den. By the last week of March 1992, the 
pups all weighed almost 700 g and a plan was formulated for 
releasing them into the wild.

Prior to release, all of the pups were ear-tagged and fitted with 
small radio-collars. The collars were small nylon cat collars on 
which the metal buckle had been replaced with a button. Also, 
two elastic inserts were incorporated into the collars to allow 
expansion as the pups grew. 

In five locations, the collars were cut and then stitched back 
together with cotton thread. This thread would deteriorate over 
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time thereby creating breakaway opportunities if the collars 
became too tight. Finally, a small VHF transmitter was attached 
to each collar with dental acrylic. The final weight of the collars 
was 10–12 g, which was approximately 1.5% of the pups’ weight 
at the time of release. The collars were placed on the pups one 
week prior to their release to ensure a proper fit and to allow the 
pups to acclimate to the collars.

Case Study #1: Ex-situ human fostering and 
reintroduction with a related adult fox
Whereas EG&G staff had been monitoring the mother of the 
pups before she died, CEC staff had been monitoring an adult 
male fox that was presumed to be the father of the pups. This 
male had frequently been tracked to the same den as the mother 
prior to the birth of the pups. Since the death of the mother and 
the recovery of the pups, this male had been observed denning 
with a smaller, uncollared fox that was presumed to be a female 
and potentially an offspring from a previous litter that had not 
yet dispersed. Some female young of the year will delay dispersal 
and remain in their natal range, and these foxes will occasionally 
inherit that range if their mother dies, as may have happened in 
this situation.11 These young foxes also can act as “helpers” and 
assist the parents in raising the current litter of pups.12 

Thus, the decision was made to introduce four of the pups 
(two females, two males) into the den of their biological father and 
the unknown adult because she was likely a related helper. Only 
four of the pups were introduced to this den because (1) we were 
concerned about overwhelming the adult pair, and (2) success 
was uncertain and we did not want to risk potentially losing all 
six pups if the adults rejected, abandoned, or mistreated the pups. 
Therefore, the remaining two pups were introduced into the den 
of a foster kit fox family (see Case Study #2).

For two consecutive nights prior to release, a male and a female 
pup were placed in a cage near the den of the father at sunset and 
observed for approximately two h. On both nights, the father and 
the uncollared female emerged from the den and investigated the 
pups in the cage. The pups exhibited excitement at the visits, and 
the adults exhibited curiosity without any sign of aggression. On 
the morning of 24 March, the two pups were placed in the den 
of the adults. A tarp was placed over the opening for 30 minutes 
to ensure the pups did not immediately run out of the den and 
become lost. Later that day, pieces of chicken were left outside of 
the den to ensure that food was available for the pups. The den 
was observed that evening. The uncollared female was observed 
eating some of the chicken and then later was observed bringing 
food items to the den. 

The next evening, another male and female pup were placed 
in a cage outside the den. The female pup released that morning 
emerged from the den and very excitedly interacted with her litter 
mates. More chicken was left at the den, and the next morning 
the two pups that had been caged the night before were released 
into the den. 

During visits to the den in the days following the introduction 

FIGURE 1. Greg Warrick of EG&G with one of the orphaned pups 
recovered during excavation of a natal den in the Lokern area, 
California, U.S.A. 18 February 1992 (photo by B. Cypher).

of the pups, three of the pups were occasionally observed just inside 
the den entrances. The first of the male pups released was never 
observed, and the signal from his collar never moved. Although 
not confirmed, the evidence indicates that this pup likely did not 
survive and probably died down in the den. Supplemental food 
continued to be left outside of the den each day. However, by the 
fourth day (28 March), dead kangaroo rats and kangaroo rat parts 
(Dipodomys sp.) were observed outside of the den indicating that 
one or both adults were bringing prey items that the pups were 
consuming. Supplementation was discontinued after 10 April. 

The second male pup was recaptured on 12 May and fitted 
with an adult-sized radio-collar with room for growth. This pup 
continued to den with the adult foxes although it occasionally 
denned alone, which is common for young of the year as they 
increasingly become more independent. This fox was found dead 
on 2 October and appeared to have been killed by a coyote. He 
was found 3.5 km from his reintroduction site and may have been 
in the process of dispersing when he died. Mortality rates are high 
among dispersing individuals because they are unfamiliar with 
den locations outside of their natal home range.11 

The two female pups continued to be monitored for approxi-
mately 35 days until their transmitter batteries expired (end of 
May). Despite attempts, the pups were not recaptured to recollar 
them, and therefore their final fate was unknown. 

Case Study #2: Ex-situ human fostering and release 
with unrelated adult foxes
CEC staff had been subsequently monitoring another adult female 
kit fox who was mated with an uncollared male. This pair had 
produced a litter of two pups (average litter size for kit foxes is 
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approximately four).13 The decision was made to introduce the 
remaining two orphaned pups (one female, one male) into the 
natal den of this family group with the hope that they would 
successfully foster the pups.

Just before sunset on 1 April, the remaining two pups were 
placed in a cage outside of the den occupied by the radio-collared 
adult female of the foster family. The female exited the den around 
sunset but did not investigate the cage with the pups. Her pups 
were observed at a den approximately 100 m from this den. In the 
morning on 2 April, the two orphaned pups were placed in the 
den occupied by the resident pups. All pups remained in the den. 
That evening, biologists observed all four pups playing together, 
suggesting that the resident pups had accepted the orphaned pups. 
Supplemental food was left at this den each day until 10 April as 
natural prey remains found at the den indicated that the adult 
foxes were provisioning all of the pups. 

The male pup was recaptured on 30 July and fitted with an 
adult radio-collar. He continued denning with his biological sister 
and the foster parents. He made an exploratory dispersal move-
ment of 6 km on 7 October and returned to his original home 
range on 14 October. His signal could not be found after 27 
October. On 29 April 1993, his signal was detected in an inacces-
sible area during an aerial search for missing radio-collared foxes. 
However, he was detected again on 9 July 1993 and tracked to a 
den 23 km from his release site. He had dispersed and appeared 
to have established a new home range. It is unknown whether he 
ever paired with a female and reproduced. Monitoring ended in 
August 1993 and no further information was available on this fox.

The female pup was recaptured on 25 May 1992 and fitted 
with an adult radio-collar. She was occasionally found denning 
alone and sometimes denning with one or both foster parents. 
She eventually established a home range that overlapped her natal 
range and was observed denning with an untagged fox presumed 
to be a male. On 10 March 1993, at least 5 pups were observed at 
the den of this female. Two of these pups were eventually captured 
and tagged. This female was still alive when monitoring ended in 
September of 1993. Later that year, one of her tagged pups was 
captured by EG&G staff approximately 10.5 km from his natal 
area and presumably had dispersed. 

Case Study #3: In-situ human fostering
An urban population of San Joaquin kit foxes resides in Bakers-
field, California, U.S.A. On 10 April 2019, multiple members 
of the public contacted both the Endangered Species Recovery 
Program (ESRP) and CDFW to report a dead fox near the north-
eastern edge of town and a nearby den with a litter of pups. ESRP 
staff examined the carcass and determined the fox was a lactating 
female that had died from a vehicle strike. The active natal den 
was easily located in an empty field near where the mother had 
died. A motion-sensing infrared camera was deployed at the den 
in order to determine if any other adult foxes were present. The 
next morning the camera showed that there were five pups, but 
no other adult foxes had visited the den. After two more nights 

of monitoring, it was clear that the pups had no adult to care for 
them. After consultation with CDFW and USFWS staff, the deci-
sion was made to attempt to supplementally feed the pups at the 
den. This decision was based on the fact that the pups appeared 
old enough to consume solid foods and that leaving the pups in 
place would provide a more natural rearing environment. 

The natal den was monitored via field cameras every day from 
10 April to 3 December. The cameras were checked daily with the 
intent to trap and capture the pups if any of them did not appear 
healthy. To prevent the pups from becoming habituated to humans, 
food was always deposited at the den before sunset when the pups 
were in the den. Each day, approximately 3 cups of high protein 
puppy kibble (Purina Pro Plan Savor Puppy shredded blend) was 
distributed inside the den entrances so as not to attract predators 
to the den area and to avoid consumption by other animals (e.g., 
ground squirrels, birds). The den was visited daily, and kibble was 
provided if the previous amount had been consumed. After a couple 
of weeks, thawed frozen feeder mice and rats (five per night) were 
hidden around the den area in the grass with the hopes of develop-
ing foraging and hunting behavior in the pups. Occasionally, raw 
eggs and cactus pads were provided for additional moisture. As the 
pups grew older, the food items were hidden farther and farther 
from the den to improve the pups’ foraging skills. 

The pups gradually expanded their movements and explora-
tions, and they were documented using at least seven different 
dens during the monitoring. Within 11 days of the initiation of 
supplemental feeding, prey remains began appearing at the dens 
used by the pups. These included multiple California ground 
squirrel (Otospermophilus beecheyi) remains, a Pacific gopher snake 
(Pituophis catenifer catenifer), and some mourning dove (Zenaida 
macroura) feather piles. A pup with an unidentified prey item was 
detected on day 17 and a pup with a desert cottontail (Sylvilagus 
audubonii) was observed shortly after that. Soon, there were 
multiple detections on the cameras of the pups with natural prey 
including invertebrates, cottontails, ground squirrels, and birds as 
well as occasional anthropogenic food items (Fig. 2).

After 14 days of supplemental feeding, all five pups were no 
longer observed simultaneously on camera, and after 19 days only 
three pups were consistently seen. The three pups were trapped 
in late May to conduct health checks and mark them with a 
permanent non-toxic dye (Nyanzol-D) so that individuals could 
be identified on camera (Fig. 3). Sex, weight, and the unique dye 
mark was recorded for each pup. All three pups appeared healthy. 
The average weight of the one male and two females was 1.55 kg, 
which was comparable to other urban pups captured within two 
weeks of the same age (1.36 kg, n=16; ESRP unpublished data). 
No unmarked pups were detected on camera after the trapping 
and their fate is unknown. They may have died or dispersed early. 

The final three pups survived for a minimum of 95 days at 
which point the male stopped appearing on camera after 14 July. 
While his final fate is unknown, it is believed that he may have 
dispersed at this time because males tend to disperse earlier than 
females.14 The remaining two females were observed on camera 
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FIGURE 2. San Joaquin kit fox (Vulpes macrotis mutica) with a 
desert cottontail (Sylvilagus audubonii), Bakersfield, California, 
U.S.A. in May 2019.

FIGURE 3. San Joaquin kit fox (Vulpes macrotis mutica) pups with dye markings at a den in Bakersfield, California, U.S.A. in 2019.

until 12 August (124 days) and 2 November (206 days), respec-
tively, after which their fate is unknown.

During monitoring, adult foxes were observed visiting the 
pups on three occasions. In two instances, the foxes apparently 
were just passing through and did not interact with the pups. 
The third instance was captured on video and pups were present. 
The adult fox had collected an egg left for the pups and the pups 
swarmed it. The adult was startled and backed away from the 
pups before leaving. The den was also visited by coyotes, domestic 
dogs (Canis familiaris), and an American badger (Taxidea taxus). 
The first coyote detections occurred in July but were infrequent. 
Coyote visitations increased in frequency after October.

Discussion
The three case studies describe different approaches to assisting 
orphaned San Joaquin kit fox pups. The second case study is 
perhaps the most unusual in that pups were fostered with a fam-
ily that was completely unrelated. Adoption of pups by related 
family members or by unrelated individuals that are part of the 
social group from which the pups came is fairly common among 
canids.15 However, rates of adoption by unrelated adults that were 
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not part of the pups’ social group is unknown, although it has 
been documented in red foxes16 and has commonly been used 
as a conservation strategy for red wolves (Canis rufus).17 Foster-
ing with related or unrelated groups may improve survival of the 
orphaned pups. Survival of red fox pups fostered by humans and 
then simply released was quite low.18

In all three cases, one or more of the pups survived to June 
when they typically become independent of their parents and 
some even begin to disperse from their natal range.11 Survival of 
young of the year typically is low. In the Elk Hills study, mean 
annual survival of pups from 1 May to the following 15 February 
(presumptive birth date) was only 14%.8 Among the 11 pups in 
the three case studies, a minimum of four (36 %) survived until 
the fall and a minimum of two (18 %) survived until the following 
breeding season with successful reproduction confirmed for one. 

In the first two case studies, the pups had the advantage of 
being able to learn from adult foxes how to find food and dens, 
elude predators, and other life skills. The pups fostered in-situ did 
not have this advantage. However, the prey remains found at the 
den and the camera images of the pups carrying prey indicated 
that they were developing natural hunting behaviors even in the 
absence of a parent. 

Less certain is how well they learned to avoid predators. They 
may have learned some amount of avoidance from their mother 
before she died, and some of this behavior likely is innate. Coyotes 
and domestic dogs were likely the main predators of concern at 
this peri-urban location. Other natural behaviors were observed 
as well. Over the course of the monitoring, the kit fox pups 
switched dens multiple times. This commonly occurs when pups 
are present because flea populations will build up in the natal den. 
Typically, the parents will move the pups to a new den when the 
flea load becomes unbearable. Without the presence of an adult, 
the pups still used at least seven dens located in the field where 
they were born, which may have been an instinctive response to 
being overwhelmed with fleas.

Across the cases, factors that likely contributed to success 
included remaining and interacting with litter mates, quickly 
being transitioned to natural foods, innate predator avoidance, 
minimal contact with humans, and not prematurely dispersing.19 
In the first two cases, the pups also benefitted from interactions 
with adult foxes that likely provided training. Behavioral plas-
ticity on the part of the foxes also helped immensely including 
eating non-natural foods (e.g., puppy chow), tolerating some 
handling and human presence, and an ability to accept and build 
relationships with unrelated individuals. Caring for orphaned 
young and returning them to the wild is always challenging and 
time-consuming, regardless of the approach. We described three 
approaches that had some success with orphaned kit fox pups. 
Others are likely possible as well. 
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Plan (HarleCAP) provides the roadmap 
for conserving and restoring harlequin 
toads as a genus and their habitat. The 
action plan’s goals, which ASI aims to 
achieve by 2041 (the 200th anniversary 
of the description of the genus Atelopus), 
include:

n  developing and implementing inno-
vative methods to mitigate chytrid’s 
impacts on harlequin toad populations 
and better understanding why some 
species are less susceptible to the effects 
of chytrid;

n  protecting and restoring harlequin 
toads’ forests and watersheds;

n  creating and maintaining conserva-
tion breeding programs;

n  searching for species that are lost 
to science and filling in other gaps in 
scientific knowledge about harlequin 
toads;

n  sharing stories that will transform 
harlequin toads into symbols of hope 
for the region and the world and a 
flagship for conservation success, and 
demonstrate a commitment to the 
conservation of harlequin toads; and

n  ensuring the Atelopus conservation 
network has the technical, logistical, 
and financial support to secure the 
long-term conservation of harlequin 
toads.

“The genus Atelopus is among the 
most threatened groups of amphibians 
in the world,” said Ariadne Angulo, chair 
of the IUCN SSC Amphibian Specialist 
Group. “By rallying behind a conservation 
strategy with collective input from key 
stakeholders, the Atelopus Survival Initia-
tive is taking an essential step towards the 
conservation of these diverse and highly 
emblematic toads and the habitats that 
they live in.”

“Protecting and restoring harlequin 
toads and their habitats will also benefit the 
species that share the ecosystems in which 
they live and that provide water to tens of 
millions of people, and ultimately all life 

on Earth,” Valencia said. “And we’re hop-
ing that the ASI will be a successful model 
that conservationists can emulate for other 
groups of threatened species.”

The Atelopus Survival Initiative 
includes national and international con-
servation groups, zoos, captive breeding 
centers, academic institutions, govern-
ments and local communities. Visit the 
official press release for the 2021 list of 
partnering organizations.

African Swine Fever has Broad 
Impacts
BANGKOK, THAILAND (Aug 23, 2021)—
In a joint communique issued in June, the 
FAO, IUCN SSC, and OIE recognize 
the threat of African Swine Fever (ASF) 
towards wildlife in the Asia Pacific region, 
where the disease has been active since 
2018. The disease threatens not just the 
loss of 11 native wild pig species, but also 
a greater impact on the ecological com-
munity with the loss of these species.

“Any intervention needs multi-sectoral 
and multi-institutional cooperation involv-
ing ministries, veterinary services, wildlife 
services, non-government organizations, 
researchers, industries, and communities,” 
the joint communique said.

As reported on the IUCN news site, 
“the FAO, IUCN SSC, and OIE called 
on increased dialogue among government 
ministries with related responsibilities on 
ASF and relevant experts to develop strong 
policies. They also encouraged stronger 
biosecurity, surveillance, monitoring and 
response systems across sectors inclusive of 
domestic and wildlife species. Lastly, they 
called on coordinated regional efforts to 
address ASF.”

Central Coast (California)  
Condors Hard Hit by Lead
VENTANA, CALIFORNIA (Aug 4, 2021)—
Ventana Wildlife Society reports an 
unusually high number of central coast 
California condor deaths in the first 
seven months of the year, with 12 deaths 
(approximately 15% of the local popula-
tion). Of the currently known deaths, eight 
were related to lead; causes for the other 
four birds remained unknown as of August 

2021. More information can be found in 
a report by SFGate.com.

Strengthening the Migratory Bird 
Treaty Act
WASHINGTON, DC (Jul 29, 2021)—In 
July, Congressman Alan Lowenthal (CA-
47) joined with Congressman Brian Fitz-
patrick (PA-01) to introduce the bipartisan 
Migratory Bird Protection Act, legislation 
that would permanently codify important 
and much-needed protections for millions 
of migratory birds. The legislation would 
provide regulatory certainty for industries 
and help ensure that we meet the conser-
vation goals of the century-old Migratory 
Bird Treaty Act (MBTA) which forms the 
backbone of US migratory bird conserva-
tion efforts. The legislation is co-sponsored 
by 60 Members of Congress as of 9/1/2021.

“The Migratory Bird Protection 
Act will strengthen baseline protections 
for birds at a critical time,” Senior Vice 
President of Conservation Policy for the 
National Audubon Society Sarah Green-
berger said. “We have lost 3 billion birds 
in North America since 1970 and climate 
change threatens extinction for two-thirds 
of bird species. Birds are telling us they 
are in trouble and we are running out of 
time to act.”

“The MBTA has been a critical tool for 
bird conservation for over 100 years,” Con-
gressman Lowenthal said. “Democratic 
and Republican presidential administra-
tions since the 1970s have interpreted and 
applied the law in a similar way, which 
has saved countless numbers of birds. Our 
bill would prevent future federal executive 
action that may apply a flawed interpreta-
tion to the MBTA, and once and for all 
reaffirm and formalize all of the MBTA 
protections. We must prevent future rein-
terpretations that might let commercial 
interests off the hook when it comes to 
killing birds.”

The Migratory Bird Protection Act 
deals with language within the MBTA 
that seeks to eliminate “incidental takes” 
by commercial activity. An incidental 
take is when birds are killed during an 
otherwise legal activity; for example, birds 
which are killed by flying into open oil pits.  
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Previous administrations have used fines 
and financial incentives to reduce inci-
dental takes by commercial and business 
entities.

The Migratory Bird Protection Act 
would reaffirm decades of practice and 
policy of the MBTA by every previous 
Republican and Democratic adminis-
tration; uphold our international treaty 
obligations regarding bird conservation; 
help minimize certain industrial hazards 
and incentivize best management prac-
tices; and allow for financial resources to 
recover from incidents that impacts birds, 
such as oil spills.

The Congressmen’s legislation also 
calls on the Fish and Wildlife Service to 
develop a permit program to authorize 
incidental take in a way that would mini-
mize regulatory burdens while incentiviz-
ing commercial entities to implement best 
practices that protect birds. It would also 
create a mitigation fee for impacts that can-
not be avoided to help conserve impacted 
bird populations, including through the 
North American Wetlands Conservation 
Act (NAWCA) program, Neotropical 
Migratory Bird Conservation Act, and 
other conservation programs.

“Birds have inherent value and are 
an economic driver along with providing 
essential services necessary to people, from 
natural pest control to crop pollination. 
This Act provides the certainty industry 
needs while also ensuring birds receive 
the protections they deserve,” Director of 
Conservation Advocacy for the American 
Bird Conservancy Jennifer Cipolletti said.

Red List Meets Green List
GLAND, SWITZERLAND (Jul 28, 2021)— 
A paper in the journal Conservation Biology 
for the first time applies the IUCN Green 
Status of Species, a new Global Standard to 
measure how close a species is to being fully 
ecologically functional across its range, 
and how much it has recovered thanks to 
conservation action. In the paper, prelimi-
nary IUCN Green Status assessments for 
181 species are presented. They range from 
the pink pigeon (Nesoenas mayeri), which 
was saved from extinction by conservation 
measures, to the grey wolf (Canis lupus), a 

species on a promising path to recovery of 
ecological functionality across vast areas of 
its past distribution—though it is currently 
far from its historical baseline. More than 
200 authors representing 171 institutions 
contributed to the paper.

“Preventing the extinction of species 
is the ultimate goal that conservationists 
have traditionally pursued. But we have 
come to understand that true success 
would be to revert the decline to the point 
where animals, fungi and plants fulfill 
their ecological functions throughout their 
range—resulting in species that are not 
just surviving, but thriving,” said Jon Paul 
Rodríguez, Chair of the IUCN Species 
Survival Commission. “As the world’s first 
standardized method for assessing species’ 
potential for and progress toward such 
a recovery, the IUCN Green Status will 
help inform conservation plans and steer 
action to meet national and international 
goals for 2030 and beyond. It also provides 
a metric for quantifying and celebrating 
conservation success.”

The IUCN Green Status of Species 
will be integrated into the IUCN Red List 
of Threatened Species,™ which will then 
provide a fuller picture of species’ conserva-
tion status, including both their extinction 
risk and recovery progress.

The IUCN Green Status classifies spe-
cies into nine Species Recovery Categories, 
indicating the extent to which species are 
depleted or recovered compared to their 
historical population levels. Each Green 
Status assessment measures the impact of 
past conservation on a species, a species’ 
dependence on continuing support, how 
much a species stands to gain from con-
servation action within the next ten years, 
and the potential for it to recover over the 
next century.

“The IUCN Red List tells us how 
close a species is to extinction, but is not 
intended to paint a full picture of its status 
and functioning within its ecosystem,” said 
the paper’s lead author, Molly Grace, of 
the University of Oxford and co-Chair of 
IUCN’s Green Status of Species Working 
Group. “With the IUCN Green Status, we 
now have a complementary tool that allows 
us to track species recovery and dramati-

cally improve our understanding of the 
state of the world’s wildlife. The IUCN 
Green Status of Species provides evidence 
that conservation works, giving cause for 
optimism and impetus for stronger action.”

In the paper published today, the 
authors present the first-ever Green Status 
assessments for 181 species. They find that 
many species at higher risk of extinction 
also have high potential to recover over 
the next century. For example, the Cali-
fornia condor (Gymnogyps californianus) 
Green Status assessment confirmed that 
rigorous conservation action prevented 
the species from going extinct. Although 
the Green Status of the species is Largely 
Depleted and it is Critically Endangered 
on the IUCN Red List, the Green Status 
assessment found that continued support 
could enable a significant rebound over the 
next century with a sizeable improvement 
from 25 percent of its fully recovered state 
(Largely Depleted) to 75 percent (Moder-
ately Depleted).

This first set of Green Status assess-
ments also reveals that, despite being at low 
risk of extinction according to the IUCN 
Red List, some species are nonetheless 
depleted and unable to fulfill their roles 
in ecosystems. The East Asian mangrove 
Kandelia obovata, which is listed as Least 
Concern on the IUCN Red List, was 
assessed as Moderately Depleted (cur-
rently at 57% of its fully recovered state). 
Reduced by harvesting for timber before 
1950, the species, which plays an impor-
tant role in coastal protection, does not 
presently occur in numbers high enough 
to fulfill that function across the majority 
of its range. It has started to recover, thanks 
to coordinated replanting efforts across 
range countries and the introduction of 
protected areas. This positive trend is pro-
jected to continue, contingent on sustained 
conservation efforts.

“The Green Status of Species intro-
duces a new way of thinking about con-
servation impact by defining it in terms 
of progress toward species recovery,” said 
Barney Long of Re:wild and co-Chair of 
IUCN’s Green Status of Species Working 
Group. “As the first global framework to 
consider how well species function in their 

https://doi.org/10.2305/IUCN.CH.2021.02.en
https://www.iucnredlist.org/
https://www.iucnredlist.org/
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ecosystems, it will help to combat ‘shifting 
baseline syndrome’, where reduced species’ 
distribution and population size over time 
are accepted by newer generations as the 
norm.”

The development of the IUCN Green 
Status of Species Global Standard was led 
by the IUCN Species Conservation Task 
Force, in partnership with the IUCN 
Red List of Threatened Species, IUCN 
Species Survival Commission, Re:wild, 
Wildlife Conservation Society, University 
of Oxford, Stony Brook University, Durrell 
Wildlife Conservation Trust and Zoologi-
cal Society of London.

Unprecedented Heat Wave  
Increases Admissions at North-
west Wildlife Centers

EUGENE, OREGON (July 17, 2021)— 
A series of early summer historic heat waves 
in northwest North America has pushed 
increased intakes at wildlife rehabilitation 
centers in California, Oregon, Washing-
ton, and British Columbia over the sum-
mer. Reports are primarily of increases in 
raptor intakes, although colony seabird 
nesters were also affected. Most of the 
intakes were nestlings, leaping from nests 
to escape the heat, some suffering from 
hyperthermia, others with broken bones 
and soft tissue injuries.

Human–Wildlife Conflict Threat 
to Species Survival

WASHINGTON, DC (Jul 8, 2021)—Con-
flict between people and animals, from 
China’s famed wandering elephants raid-
ing farms for food and water to wolves 
preying on cattle in Idaho, is one of the 
main threats to the long-term survival of 
some of the world’s most iconic species, 
warns a new report from World Wildlife 
Fund (WWF) and the UN Environment 
Program (UNEP).

Human–wildlife conf lict—when 
struggles arise from people and animals 
coming into contact—often leads to 
people killing animals in self-defense, or 
as preemptive or retaliatory killings, which 
can drive species to extinction.

The report, “A Future for All: 
The Need for Human–Wildli fe 

Coexistence,”highlights that globally, 
conflict-related killing affects more than 
75% of the world’s wild cat species, as well as 
many other terrestrial and marine carnivore 
species such as polar bears and Mediterra-
nean monk seals, and large herbivores such 
as elephants. 

The report features contributions from 
155 experts from 40 organizations based 
in 27 countries.

“For many Americans, it may seem 
like conflicts with animals occur only in 
far away places, but it also happens right 
here in our own backyards. From raccoons 
rifling through our garbage to deer eating 
the vegetables in our gardens, human-
wildlife conflict is an issue that touches 
us all,” said WWF Wildlife Conserva-
tion Manager Nilanga Jayasinghe. “In an 
increasingly crowded world where humans 
and wildlife are competing for space and 
resources, we can expect human–wildlife 
conflict to happen more frequently. If we 
want to meaningfully reduce human–
wildlife conflict and steadily move toward 
coexistence, we need global collaboration 
and action that helps both people and 
wildlife.”

According to the report, human–wild-
life conflict is as much a development and 
humanitarian issue as it is a conservation 
concern, affecting the income of farmers, 
herders, and artisanal fishers, particularly 

those living in poverty. It also interferes 
with access to water for communities com-
peting with wildlife for local water sources, 
and drives inequality as those who pay the 
price for living with wildlife rarely receive 
the benefits of coexistence.

Despite being so strongly linked to 
the United Nations’ Sustainable Devel-
opment Goals (SDGs), human–wildlife 
conflict continues to be overlooked by 
policymakers.

“If human–wildlife conflict is not 

adequately addressed by the international 
community, it will have a considerable 
negative impact on countries’ ability to 
meet the majority of the SDGs,” says 
Dr. Margaret Kinnaird, Global Wildlife 
Practice Leader at WWF International. “If 
the world is to have a chance of meeting 
the SDGs by 2030, human–wildlife con-
flict must be explicitly included in SDG 
implementation plans, as well as at the 
heart of the Convention on Biodiversity’s 
new framework.”

Flourishing wildlife populations help 
maintain healthy ecosystems that provide 
benefits for people all over the world, like 
clean air, food and livelihoods. But in 
developing nations rich in biodiversity, 
there can often be catastrophic impacts 
for those living closest to wildlife, such 
as injury and death, loss of property and 
livelihoods, and strained physical and 
mental health.

“This report is a clarion call to elevate 
the problem of human–wildlife conflict 
and give it the attention it deserves in 
national and international processes,” 
said Susan Gardner, Director of UNEP’s 
Ecosystems Division. “It is a call for the 
adoption of approaches that identify and 
address the deeper, underlying causes of 
conflict while developing systemic solu-
tions with affected communities as active 
and equal participants in the process. As 
demonstrated in many of the case studies 
in this report, coexistence is both possible 
and attainable.”

The report says that completely eradi-
cating human–wildlife conflict is not 
possible, but that well-planned, integrated 
approaches to managing it can reduce 
conflicts and lead to a form of coexis-
tence between people and animals. Such 
approaches require actions on prevention, 
mitigation, response, research and moni-
toring all backed by strong policy support 
and the participation of local communities.

Source: World Wildlife Fund press 
release. n

Interactive:
How Do Animals Safely Cross 
a Highway? Take a Look.
New York Times, May 31, 2021
By Catrin Einhorn
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Prevalence, treatment, and survival 
of burned wildlife presenting to 
rehabilitation facilities from 2015  
to 2018.

Butkus CE, Peyton JL, Heeren AJ, Clifford 
DL. J. Zoo Wildlife Med, 2021;52(2):555–63. 
https://doi.org/10.1638/2020-0093

In recent decades, wildfires have increased 
in frequency and geographic scale across 
the globe. The human health implications 
and ecological succession after wildfires 
are well documented and studied, but 
there is a lack of empirical research about 
the direct effects of wildfires on wildlife. 
Recent wildfires have demonstrated the 
need to better understand animal burn 
injuries and innovations in veterinary 
burn treatment. An online survey was dis-
tributed to wildlife rehabilitation facilities 
internationally to collect baseline informa-
tion about the number and type of burned 
wildlife cases admitted, treatments used, 
and survivorship of wildlife affected by 
wildfires. Approximately 80% (n = 49) of 
all respondents (n = 61) reported admit-
ting cases of burned wildlife from 2015 to 
2018. Respondents included facilities from 
six different countries and roughly 43% 
of facilities reported having a veterinarian 
on staff. Electrical burns were most com-
monly reported with 89% of respondents 
stating that they had seen electrical burns 
while 38% of respondents reported seeing 
wildfire-source thermal burns in wildlife 
patients. Respondents were asked about 
their frequency of use of different treatment 
methods. Bandages, colloid fluids, and opi-
oids were used at significantly higher rates 
at facilities with veterinarians compared 
with facilities that did not report having a 
veterinarian; however, survival of burned 
wildlife patients did not significantly differ 
based on the factor of having a veterinar-
ian on staff. Long-term and short-term 
complications were commonly reported 
for wildlife burn patients; 88% of facilities 
reported scarring, 81% reported alopecia, 
and 61% reported sepsis. Burned animals 
admitted to facilities were reported to 
have equal odds of dying and surviving. 

Burn care recommendations have changed 
considerably in recent decades. This study 
provided a unique opportunity to compare 
contemporary recommendations in human 
medicine with current methods used in 
wildlife rehabilitation facilities to identify 
potential areas of further investigation and 
improvement for wildlife medicine.

Unprecedented migratory bird die-
off: A citizen-based analysis on the 
spatiotemporal patterns of mass 
mortality events in the western 
United States.
Yang D, Yang A, Yang J, Xu R, & Qiu H. 
GeoHealth, 2021;5, e2021GH000395. https://
doi.org/10.1029/2021GH000395 

Extensive, severe wildfires, and wildfire-
induced smoke occurred across the western 
and central United States since August 
2020. Wildfires resulting in the loss of 
habitats and emission of particulate mat-
ter and volatile organic compounds pose 
serious threatens to wildlife and human 
populations, especially for avian species, 
the respiratory system of which are sensi-
tive to air pollutions. At the same time, the 
extreme weather (e.g., snowstorms) in late 
summer may also impact bird migration by 
cutting off their food supply and promoting 
their migration before they were physiologi-
cally ready. In this study, we investigated 
the environmental drivers of massive bird 
die-offs by combining socioecological 
earth observations data sets with citizen 
science observations. We employed the 
geographically weighted regression models 
to quantitatively evaluate the effects of dif-
ferent environmental and climatic drivers, 
including wildfire, air quality, extreme 
weather, drought, and land cover types, 
on the spatial pattern of migratory bird 
mortality across the western and central 
US during August–September 2020. We 
found that these drivers affected the death 
of migratory birds in different ways, among 
which air quality and distance to wildfire 
were two major drivers. Additionally, there 

S E L E C T E D  A B S T R A C T S were more bird mortality events found in 
urban areas and close to wildfire in early 
August. However, fewer bird deaths were 
detected closer to wildfires in California 
in late August and September. Our find-
ings highlight the important impact of 
extreme weather and natural disasters on 
bird biology, survival, and migration, which 
can provide significant insights into bird 
biodiversity, conservation, and ecosystem 
sustainability.

Early detection of wildlife morbidity 
and mortality through an event-
based surveillance system.
Kelly TR, Pandit PS, Carion N, Dombrowski 
DF, Rogers KH, McMillin SC, Clifford DL, 
Riberi A, Ziccardi MH, Donnelly-Greenan 
EL, Johnson CK. Proc. R. Soc. B, 2021; 
288(1954):20210974. https://doi.org/10.1098/
rspb.2021.0974

The ability to rapidly detect and respond 
to wildlife morbidity and mortality events 
is critical for reducing threats to wildlife 
populations. Surveillance systems that use 
pre-diagnostic clinical data can contribute 
to the early detection of wildlife morbidities 
caused by a multitude of threats, including 
disease and anthropogenic disturbances. 
Here, we demonstrate proof of concept for 
use of a wildlife disease surveillance system, 
the Wildlife Morbidity and Mortality 
Event Alert System, that integrates pre-
diagnostic clinical data in near real-time 
from a network of wildlife rehabilitation 
organizations, for early and enhanced 
detection of unusual wildlife morbidity and 
mortality events. The system classifies clini-
cal pre-diagnostic data into relevant clinical 
classifications based on a natural language 
processing algorithm, generating alerts 
when more than the expected number of 
cases is recorded across the rehabilitation 
network. We demonstrated the effective-
ness and efficiency of the system in alerting 
to events associated with both common 
and emerging diseases. Tapping into this 
readily available unconventional general 
surveillance data stream offers added value 
to existing wildlife disease surveillance 
programmes through a relatively efficient, 
low-cost strategy for the early detection 
of threats. n

Approximately 80% of all  
respondents reported admitting cases 

of burned wildlife from  
2015 to 2018.
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INSTRUCTIONS FOR AUTHORS 

POLICY  Original manuscripts on a variety of wildlife rehabilitation topics 
(e.g., husbandry and veterinary medicine) are welcomed. Manuscripts that 
address related topics such as facility administration, public relations, law, 
and education are invited as well.

Associate editors and anonymous reviewers, appropriate to the subject 
matter, evaluate each submitted manuscript. Concurrent submission to 
other peer-reviewed journals will preclude publication in the Journal of 
Wildlife Rehabilitation (JWR). The International Wildlife Rehabilitation 
Council (IWRC) retains copyright on all original articles published in the 
JWR but, upon request, will grant permission to reprint articles with credit 
given to the IWRC–JWR.

SUBMISSIONS  All submissions should be accompanied by a cover letter 
stating the intent of the author(s) to submit the manuscript exclusively 
for publication in the JWR. Electronic submissions are required; hard-copy 
manuscripts are not accepted. The manuscript file should be attached to 
the submission letter (which can be the body of your email) and sent to:

Kieran Lindsey, Editor

jwr.editor@theiwrc.org

MANUSCRIPT  Manuscripts should be MS Word documents in either PC or 
MAC platform (no PDF files). 

Manuscript should be typed in Times Roman, 12 pt., double-spaced through-
out with one-inch margins. 

Include the name of each author. Specify the corresponding author and 
provide affiliation, complete mailing address, and email address. The af-
filiation for all authors should be included in a brief (maximum of 100 
words) biography for each that reflects professional experience related 
to rehabilitation or to the manuscript subject matter rather than personal 
information. Biographies may be edited due to space limitations. 

Include an abstract that does not exceed 175 words and choose several (up 
to 14) key words.

Templates have been developed for the following submission categories: 
case study, technique (including diets), research, and literature review; au-
thors may request a copy of one, or all, of these templates from the editor 
(jwr.editor@theiwrc.org) before developing a manuscript for submission 
to the JWR.

STYLE  The JWR follows the Scientific Style and Format of the CSE Manual 
for Authors, Editors, and Publishers, 8th Edition. The complete “JWR Author 
Instructions” document is available at:

http://theiwrc.org/journal-of-wildlife-rehabilitation/ 
jwr-submission-guidelines

or by email request to the Editor. This document provides formatting 
guidelines for in-text citations and the Literature Cited section; provides 
the JWR textual requirements for tables, figures, and photo captions; and 
describes quality and resolution needs for charts, graphs, photographs, 
and illustrations.

Pink Pigeon (Nesoenas mayeri), Ile aux Aigrettes, Mauritius. Now 
on the IUCN Green List, the species was saved from extinction 
by conservation efforts.	 PHOTO  © SERGEY YELISEEV. CC BY-NC-SA2.0
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